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Abstract: Epithelial-mesenchymal transition (EMT) is a reversible cellular program that transiently 

places epithelial (E) cells into pseudo-mesenchymal (M) cell states. The malignant progression and 

resistance of many types of carcinomas depends on EMT activation, partial EMT and hybrid E/M 

status in neoplastic cells. EMT is activated by tumor microenvironmental TGFβ signal and EMT-

inducing transcription factors, such as ZEB1/2 in tumor cells. However, reverse EMT factors are less 

studied. We demonstrate that transcription factor SCAND1 can revert mesenchymal and hybrid 

E/M phenotype of cancer cells to a more epithelial, less invasive status and inhibit their proliferation 

and migration. SCAND1 is a SCAN domain-containing protein and hetero-oligomerizes with 

SCAN-zinc finger transcription factors, such as MZF1, for accessing DNA and transcriptional co-

repression of target genes. We found that SCAND1-MZF1 co-expression and interaction correlated 

with maintaining epithelial features, whereas the simultaneous loss of SCAND1 and MZF1 corre-

lated with mesenchymal features of tumor cells. Overexpression of SCAND1 over endogenous 

MZF1 in DU-145 prostate cancer cells reverted their hybrid E/M status into cobblestone morphology 

with increased epithelial adhesion by E-cadherin and β-catenin relocation. Consistently, co-expres-

sion analysis in TCGA PanCancer Atlas revealed that both SCAND1 and MZF1 co-express and are 

negatively correlated with EMT driver genes, including CTNNB1, ZEB1, ZEB2 and TGFBR, in pros-

tate tumor specimens. In addition, SCAND1 overexpression suppressed tumor cell proliferation by 

reducing the MAP3K-MEK-ERK signaling pathway. Of note, SCAND1-overexpressing DU-145 cells 

migrated slower than control cells with decreased lymph node metastasis of prostate cancer in a 

mouse tumor xenograft model. Kaplan-Meyer analysis showed high expression of MZF1 and 

SCAND1 to correlate with better prognoses in pancreatic cancer and head and neck cancers, alt-

hough with poorer prognosis in kidney cancer. Overall, these data suggest that the combination of 

SCAND1-MZF1 complexes may revert the EMT mechanism in cancer to establish an epithelial phe-

notype. These effects seem to include co-repression of EMT-driver genes and suppression of tumor 

cell proliferation via inhibition of the MAP3K-MEK-ERK signaling pathway. 

Keywords: epithelial-to-mesenchymal transition (EMT); hybrid EMT; partial EMT; mesenchymal-

to-epithelial transition (MET); SCAND1; SCAN zinc finger; MZF1; cancer prognosis 

 

1. Introduction 

Epithelial–mesenchymal transition (EMT) is a reversible cellular program that tran-

siently transforms epithelial cells into pseudo-mesenchymal cell states [1-6]. During this 

process, epithelial cells progressively lose their cobblestone appearance observed in mon-

olayer cultures to adopt a spindle-shaped, mesenchymal morphology. EMT plays 
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significant roles in the malignant progression of many types of carcinoma [7-10]. During 

the tumor progression, the EMT program confers multiple traits associated with high-

grade malignancy on carcinoma cells [7,11,12]. Normally, the cells forming epithelial 

sheets in adult various tissues display apical–basal polarity and are held together laterally 

by adherens junctions and tight junctions. Adherens junctions are formed by cell surface 

epithelial cadherin (E-cadherin) molecules encoded by ECAD gene, while tight junctions 

are formed by tight junction proteins TJP (also known as zonula occludens: ZO) and epithe-

lial cell adhesion molecule EpCAM (also known as CD326) [10,13]. This organization is 

essential for the structural integrity of epithelia. Upon activation of EMT, E-cadherin ex-

pression is repressed, which leads to the loss of the typical polygonal, cobblestone mor-

phology of epithelial cells [10,12]. Cells acquire a spindle-shaped mesenchymal morphol-

ogy and express markers including vimentin (encoded by VIM gene), neural cadherin (N-

cadherin) and fibronectin [3]. Besides, recent studies have shown that EMT is rarely fully 

executed in tumor cells, while the process is rather gradual and often remains incomplete, 

termed partial EMT, hybrid EMT or hybrid E/M [2,14]. Hybrid EMT was identified by co-

expression of epithelial (EpCAM+) and mesenchymal (Vim+) marker genes in an autoch-

thonous murine prostate cancer model [15]. Consistently, hybrid EMT of prostate cancer 

cells within a tumor organoid (tumoroid) was identified by co-expression of epithelial (E-

cadherin+ EpCAM+) and mesenchymal (Vimentin+) markers with enhanced stemness 

[13]. Another group identified different tumor transition states occurring during EMT in 

cancer progression and introduced the term hybrid EMT [16,17]. Dynamic induction of 

EMT and MET changes cellular phenotypes of carcinoma cells. Drug sensitivity, prolifer-

ation, and response to apoptosis signals are highest in more epithelial states, whereas drug 

efflux, invasion, and immuneevasion are highest in more mesenchymal states [18,19]. A 

hybrid EMT state provides maximal stemness, tumor initiation capacity, and ability to 

adapt to environmental changes [18]. 

The process of EMT is orchestrated by EMT-inducing transcription factors (EMT-

TFs), which act combinatorially to induce expression of genes that promote the mesen-

chymal cell state and repress the expression of genes that maintain the epithelial state [1-

4,6]. These include the zinc-finger E-box binding homeobox factors ZEB1 and ZEB2, 

SNAIL (also known as SNAI1), SLUG (also known as SNAI2) and the basic helix–loop–

helix factors TWIST1 and TWIST2. These EMT-TFs regulate the expression of each other, 

and in different combinations induce the expression of hundreds of genes associated with 

the mesenchymal state (Vimentin, N-cadherin, fibronectin, β1 and β3 integrins, and met-

alloproteinases) while repressing genes associated with the epithelial state (E-cadherin, 

EpCAM, occludins, claudins, and cytokeratins). However, less is known about anti-EMT 

transcription factors (TF) that reverse EMT programs and place pseudo-mesenchymal 

cancer cells back into an epithelial phenotype. Here we aim to address such factors. 

The SREZBP-CTfin51-AW1-Number 18 cDNA (SCAN) domain is a leucine-rich oli-

gomerization domain, highly conserved among the SCAN domain-containing transcrip-

tion factor (SCAN-TF) family. This family contains more than 50 family members, most of 

which contain a zinc finger (ZF) domain: hence SCAN-ZF factors [20-24]. Myeloid zinc 

finger 1 (MZF1), also known as ZSCAN6 or ZNF42 belongs to the SCAN-ZF family and 

contains an N-terminal SCAN domain, a linker region, and a C-terminal DNA binding 

domain [25-27]. Many studies have identified MZF1 as an oncogenic transcription factor 

[25,28-31] and cancer stemness factor [32,33]. However, MZF1 can also function as a tumor 

suppressor that, for instance represses MMP2 in cervical cancer [34] and mediates onco-

gene-induce senescence [35]. Furthermore, MZF1 is also important in a protumorigenic 

microenvironment by activating osteopontin gene in mesenchymal stem cells, leading to 

transformation into cancer-associated fibroblasts (CAF) [36] and VEGF gene in tumor en-

dothelial cells [37].  

While there are more than 50 types of SCAN-TFs, a few zinc fingerless SCAN do-

main-only proteins also exist [21,22]. SCAND1 is such a SCAN domain-only protein and 

hetero-oligomerizes with other SCAN-ZFs, including MZF1, through inter-SCAN domain 

interactions to repress transcription [23,24,28,38]. Hetero-oligomerization between SCAN 
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domain-only molecules and SCAN-ZF molecules transform their roles, leading to for-

mation of a transcriptional repressor complex [23,24,28,38]. Indeed, SCAND1 represses 

the CDC37 gene (encoding cell division control 37) by interacting with MZF1 and sup-

pressing prostate cancer progression [28]. However, the potential involvement of 

SCAND1-MZF1 in EMT has not been addressed. Here, we investigate the involvement of 

SCAND1-MZF1 in reverting EMT in cancer.  

2. Materials and Methods 

2.1. Cell culture 

Prostate cancer cell lines PD-145 and PC-3 were provided by ATCC and cultured in 

DMEM and RPMI medium, respectively, with 10% FBS. The prostate normal epithelial 

cell line immortalized with SV40 large T antigen (PNT2) was purchased from Sigma and 

cultured in RPMI medium with 10% FBS. Human normal prostate epithelial cells (PrEC) 

were purchased from Lonza (Basel, Switzerland) and cultured in prostate epithelial cell 

basal medium supplemented with bovine pituitary extract, hydrocortisone, hEGF, epi-

nephrine, transferrin, insulin, retinoic acid, triiodothyronine and GA-1000 (Lonza).  

2.2. qRT-PCR 

qRT-PCR was performed as previously described [39,40]. Total RNA was prepared 

with DNase I treatment using RNeasy (Qiagen, Hilden, Germany). cDNA was synthe-

sized using QuantiTect kit (Qiagen), a mixture of oligo dT and random primers, then di-

luted 5 fold in 10 mM Tris-Cl and 0.1 mM EDTA buffer. A step dilution of the cDNA pool 

was prepared as a standard for relative expression. cDNA (4–10 µl), 0.25 µM of each pri-

mer and 10 µl SYBR green 2x Master Mix (Applied Biosystems, Waltham, MA) were 

mixed and filled up to a 20 µl of a reaction mixture. We designed and used primer pairs: 

h ECAD 1937F, 5'-agg aat cca aag cct cag gt-3'; h ECAD 2065R, 5'-ttg ggt tgg gtc gtt gta ct 

-3'; h VIM 892F, 5'-agg tgg acc agc taa cca ac -3'; h VIM 1010R, 5'-ggc ttc ctc tct ctg aag ca -

3'; h 18s rRNA 1245F, 5'-gac tca aca cgg gaa acc tc-3'; h 18s rRNA 1364R, 5'-aga caa atc gct 

cca cca ac-3'. Initial denaturation was performed at 95°C 10 min, and 40 cycles of PCR 

were run at 95°C for 15 sec and at 60°C for 1 min. Single amplicons were confirmed by 

dissociation curve analysis. Relative mRNA expression levels were obtained as compared 

with the standard described above. 

2.3. cDNA transfection and stable cell cloning 

We used pcDNA3/MZF1Flag and pCMV6/SCAND1myc-Flag (variant 1, purchased from 

OriGene, accession number NM_016558) as previously described [28]. DU-145 cells were 

transfected with these plasmids and pcDNA3 vector using Lipofectamine 2000 (Thermo 

Fisher Scientific) and cultured with 0.4, 0.8 and 1.6 µg/ml of geneticin for 2 weeks to es-

tablish clone 1 (c1), clone 2 (c2) and clone 3 (c3), respectively. The survived cells were used 

for subsequent assays. 

2.4. Lentiviral infection and cell cloning 

Lentivirus infection was performed as previously described [12]. A lentiviral expres-

sion vector for SCAND1HA3 was constructed from pCMV6/SCAND1myc-Flag [28] and 

pcDNA3.1-HA3 that contains triple hemagglutinin (HA) tag [40] via gene recombination. 

The pLV-SCAND1HA3 (4 µg), psPAX2 (3 µg) and pVSV-G (1 µg) were cotransfected using 

Lipofectamine LTX and Plus reagents (Thermo Fisher Scientific) into HEK293FT cells cul-

tured in DMEM supplemented with 10% heat-inactivated (HI) FBS, penicillin and strep-

tomycin. After 10 hours, the medium was replaced with a fresh one. After 48 hours, cell 

culture supernatant was collected and centrifuged at 500 x g for 10 min. The supernatant 

was filtered through Millex-HP 0.45-µm polyethersulfone low protein-binding filters 

(Millipore, Billerica, MA). DU-145 cells were cultured in the half-and-half mixture of the 

conditioned medium containing pseudo-virus particles and DMEM with 10% FBS sup-

plemented with 5 µg/ml of polybrene and centrifuged for spinfection at 800 x g for 1 hour 
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at room temperature (RT). Cells were cultured in DMEM with 10% HI-FBS and 1 µg/ml 

of puromycin for 10 days. The survived cells were used for subsequent assays. 

2.5. Western Blotting 

Protein sampling, SDS-PAGE and western blotting were performed as previously 

described [13,28,40]. Cells cultured in 60-mm dishes were washed with ice-cold PBS. Cells 

were soaked in 500 µl of ice-cold CelLytic M (Sigma, St. Louis, MO) supplemented with a 

cocktail of protease inhibitors and phosphatase inhibitors (Thermo Fisher Scientific) and 

incubated for 15 min on a shaker. Cells were scraped from the bottom of the dish and 

collected into 1.5-ml tubes. The lysate was centrifuged at 12,000 x g for 15 min, and the 

supernatant was collected as cell lysate. The pellet was stored as an insoluble fraction. The 

protein concentration was measured using BCA protein assay kit (Thermo Fisher Scien-

tific). The equal amounts of protein samples (10–30 µg) were mixed with 4 x Laemmli 

sample buffer, boiled for 5 min at 95℃, and then loaded to 12% polyacrylamide gels for 

SDS-PAGE. Proteins were transferred to PVDF membranes. Membranes were soaked in a 

blocking buffer containing 5% skim milk in TBS-T for 1 hour, incubated with primary 

antibodies in the blocking buffer at 4°C overnight, and then incubated with secondary 

antibodies in the blocking buffer at RT for 1 hour. Membranes were washed thrice with 

TBS-T for 10 min at RT between the steps. Proteins were detected by chemiluminescence 

reactions. We used antibodies against SCAND1 (ab64828, Abcam, Cambridge, UK), MZF1 

(C10502, Assay Biotechnology, Fremont, CA), Flag-tag (M2, Sigma), and Vimentin (V9, 

MA1-06909, Thermo Fisher Scientific). Antibodies against E-cadherin (#4065), ZO-1 

(#5406), phosphorylated ERK-1/2 Thr202/Thr204 (D13.14.4E, #4370P), total ERK-1/2 

(137F5, #4695), phosphorylated NF-κB p65 S536 (93H1, #3033S), total NF-κB p65 (#4674S) 

and HSP90β (#5087) were purchased from Cell Signaling Technologies (CST, Danvers, 

MA). 

2.6. Immunocytochemistry and CLSM 

Immunocytochemistry and confocal laser scanning microscopy (CLSM) were per-

formed as previously described [40,41]. Cells were cultured on 120-mm round coverslips 

coated with poly-D-Lysine/Laminin coat (BD Bioscience, Franklin Lakes, NJ) in 4-well 

plates (Thermo Fisher  Scientific). Cells were fixed with 4% paraformaldehyde for 10 min 

and washed with PBS twice. Cells were permeabilized with 0.1% Triton X-100 for 10 min 

and washed with PBS twice. Cells were incubated in a blocking buffer containing 3% nor-

mal goat serum in PBS for 30 min, with primary antibodies at 4℃ overnight and then 

secondary antibodies at RT for 1 hour in the blocking buffer. Cells were washed three 

times with PBS for 5 min between the steps. Cells were mounted within ProLong Gold 

Antifade Mountant (Thermo Fisher Scientific). Fluorescence images were acquired using 

Axio Vision CLSM (Zeiss, Oberkochen, Germany) with a camera AxioCam MR3 (Zeiss) 

and a filter set for DAPI, GFP, Cy3.5 (excitation wavelength: 580 nm) and Cy5 (excitation 

wavelength: 650 nm). We used combinations of anti-mouse (Ms) IgG and anti-rabbit (Rb) 

IgG against: HA-tag (16B12, Covance, Ms, 1:1000) and MZF1 (C10502, Assay Biotechnol-

ogy, Rb, 1:50); β-catenin (15B8, ab6301, Abcam, Ms) and E-cadherin (24E10, #4065, CST, 

Rb, 1:200). Anti-mouse and anti-rabbit IgG conjugated with Alexa Fluor 488 or 594 

(Thermo Fisher Scientific, 1:1000) were used as secondary antibodies. 

2.7. Xenograft 

One million cells were subcutaneously injected to the flanks of nude mice (Charles 

River, Wilmington, MA). After 2 months, mice were sacrificed, and tumors and pelvic 

lymph nodes were harvested. All surgeries were performed under isoflurane anesthesia, 

and efforts were made to minimize mice suffering. All the animals were housed under 

specific pathogen-free conditions.  
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2.8. Immunohistochemistry (IHC) 

Tissues were fixed in formalin for 48 h, dehydrated in a series of alcohol solutions 

with increasing percentages, treated with xylene, and then embedded in paraffin. Paraffin 

blocks were cut into 5 µm sections using a microtome and mounted on microscope glass 

slides. Sections were deparaffinized and rehydrated. Antigens were retrieved with 0.1 M 

sodium citrate pH 6.0 in a high-pressure cooker. For immunofluorescence, sections were 

incubated within 10% normal serum for 15 min, primary antibodies against SCAND1 

(ab64828, Abcam, Rb) and E-cadherin (#14472, CST, Ms) overnight at 4°C, secondary an-

tibodies against rabbit IgG conjugated with Alexa Fluor 594 and mouse IgG conjugated 

with Alexa Fluor 488 at RT for 1 hour, and Hoechst. Slides were washed three times with 

PBS between staining steps. Fluorescence images were acquired using Axio Vision CLSM 

(Zeiss). Alternatively, sections were incubated with primary antibodies against Vimentin 

(V9, MA1-06909, Thermo Fisher Scientific) or Ki-67 (DAKO) overnight at 4°C followed by 

biotinylated secondary antibodies (Vector Laboratories, Newark, CA) at RT for 1 hour. 

Slides were washed twice for 5 min in PBS between the staining steps. Sections were in-

cubated with avidin-biotin peroxidase complexes of the ABC kit (Vectastain, Vector La-

boratories) at RT for 30 min and with 3, 3’-Diaminobenzidine (ImmPACT™ DAB HRP 

Substrate, Vector Laboratories). Nuclei were counterstained with hematoxylin. Sections 

were covered with mounting medium and coverslips, then evaluated microscopically (Ni-

kon, Minato City, Tokyo).  

2.9. Coexpression analysis 

Coexpression was analyzed using cBioPortal as previously described [12,28,41]. A 

data set of prostate adenocarcinomas (TCGA, PanCancer Atlas; 494 patients/samples) 

were analyzed with Spearman’s rank correlation coefficient of coexpression. The coex-

pression of SCAND1 and MZF1 was first examined. Then, coexpression of SCAND1 and 

MZF1 versus genes encoding mitogen-activated protein kinases (including MAP3Ks, 

MAP2Ks and MAPKs), TGFβ receptors (TGFBR1, TGFBR2 and TGFBR3), EMT-TFs (in-

cluding ZEB1 and ZEB2) and β-catenin (CTNNB1) were analyzed. Genes of which 

Spearman's correlation versus both MZF1 and SCAND1 expression was less than –0.3 

were depicted in graphs and listed in a table with p- and q-values. 

2.10. Kaplan-Meyer analysis 

Kaplan-Meier plotting from RNA-seq data was performed using KM plotter and GE-

PIA 2 [42,43]. We analyzed the overall survival of patients suffering from pancreatic duc-

tal adenocarcinoma (DAC) n=177, kidney renal clear cell carcinoma (RCC) n=530, head 

and neck squamous cell carcinoma (SCC) stage III (n=78) using KM plotter with auto select 

best cutoff, and prostate adenocarcinoma (AC) n=639 using GEPIA 2. 

2.11. Statistics 

Values of two groups were compared with an unpaired Student's t-test. P <0.05 was 

considered to indicate statistical significance. Data were expressed as Mean ± SD unless 

otherwise specified. 

3. Results 

3.1. SCAND1 and MZF1 co-expression correlated with epithelial phenotype of tumor cells 

Prostate cancer cell line PC-3 is the most malignant, metastatic cell line employed 

here, while DU-145 is a moderately metastatic, prostate adenocarcinoma cell line 

[13,28,44]. We also used prostate normal epithelial cell line PNT2 and first examined the 

morphologies of PC-3, DU-145 and PNT2 in the monolayer culture. Most of the PC-3 cell 

population exhibited a spindle-shaped, mesenchymal morphology in culture, while DU-

145 cells were a mixed population of spindle-shaped, mesenchymal cells and the remain-

der with the cobblestone morphology, a characteristic of epithelial cells, indicating that 
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DU-145 was a hybrid E/M status  (Figure 1A). In contrast, PNT2 cell populations con-

tained only epithelial cells with the cobblestone morphology.  

To confirm the link between morphology and gene expression, we next examined 

differential gene expression of ECAD and VIM among these cell types. ECAD mRNA was 

highly expressed in normal prostate epithelial cells and PNT2 cells, while being reduced 

in DU-145 and undetectable in PC-3 cells (Figure 1B), consistent with their morphology. 

VIM mRNA was highly expressed in PC-3 and DU-145 but lost in PNT2 cells (Figure 1C), 

again consistent with their morphology.  

To assess the involvement role of SCAND1 and MZF1 in the E/M status, we per-

formed western blotting of MZF1, SCAND1, and epithelial and mesenchymal markers. 

SCAND1 and MZF1 were well expressed in epithelial cell line PNT2 and normal prostate 

cells, although reduced in DU-145 and at minimal levels in PC-3 cells (Figure 1D). E-cad-

herin and Vimentin levels were consistent with their mRNA expression. ZO-1 (also 

known as tight junction protein 1: TJP1) was detected in epithelial cell line PNT2 and nor-

mal prostate cells, at reduced levels in DU-145 and not detected in PC-3 cells. These data 

suggested that SCAND1 and MZF1 expression correlates with epithelial features, whereas 

the loss of SCAND1 and MZF1 is correlated with mesenchymal features. 

Next, we examined whether SCAND1 and MZF1 expression levels were correlated 

in clinical prostate adenocarcinoma specimens. Indeed, SCAND1 and MZF1 expression 

was significantly correlated in prostate adenocarcinomas, indicating that these SCAN do-

main proteins are consistently co-expressed (Figure 1E).  

To confirm intracellular SCAND1-MZF1 interaction, we next examined the subcellu-

lar localizations of the two factors by immunostaining and CLSM. The overexpressed 

SCAND1HA3 and endogenous MZF1 were well colocalized in the nuclei of DU-145 cells, 

suggesting that SCAND1 and MZF1 could directly interact each other (Figure 1F).  

These data suggested that SCAND1-MZF1 co-expression and interaction is involved 

in maintaining epithelial features, whereas the simultaneous loss of SCAND1 and MZF1 

correlated with a mesenchymal and E/M phenotypes in tumor cells. 
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Figure 1. SCAND1 and MZF1 coexpression is involved in epithelial features of tumor cells. (A) Mor-

phologies of PC-3, DU-145 and PNT2 cells. Arrowheads indicate spindle-shaped mesenchymal cells. 

Red arrows indicate polygonal, cobblestone-like epithelial cells. PC-3 is mesenchymal. DU-145 is 

hybrid EMT status. PNT2 is epithelial. Scale bars, 100 µm. (B, C) ECAD and VIM mRNA expression 

evaluated by qRT-PCR. **p<0.01 (versus Normal), n=3. Normal, normal prostate cells. (D) Western 

blotting of SCAND1, MZF1, E-cadherin, ZO-1 and Vimentin. Actin, loading control. Data of 

SCAND1 and actin were also published in ref [28]. (E) Coexpression analysis of SCAND1 and MZF1 

mRNA in prostate adenocarcinoma specimens. (F) Colocalization of SCAND1 and MZF1 in nuclei. 

DU-145 cells were infected by lentivirus for expressing SCAND1HA3. SCAND1 (red) and endoge-

nous MZF1 (green) were immunostained and visualized using CLSM. Scale bars, 100 µm.  

3.2. SCAND1 and MZF1 inhibit tumor cell proliferation and reverse EMT 

To examine whether SCAND1 and MZF1 could alter tumor cell proliferation and 

EMT, we next overexpressed full-length SCAND1Flag and MZF1Flag using plasmid vectors 

(Figure 2A). In these experiments, we assume that the intracellular effects of SCAND1, 

which lacks a DNA-binding domain, are mediated by binding a SCAN-ZF partner, most 

likely MZF1 and forming a repressive heterodimer [25]. We also assume that MZF1 over-

expression leads to increased formation of transcriptionally active MZF1 homodimers and 

titrates down level of  endogenous MZF-SCAND1 heterodimers. Overexpression of 

SCAND1Flag and MZF1Flag were confirmed in COS7 cells (Figure 2B). We next transfected 

these plasmids into DU-145 cells and established stable clones that each overexpress 

SCAND1Flag and MZF1Flag. Of note, overexpression of SCAND1 changed the DU-145 cells 

from the hybrid EMT status into a cobblestone-like epithelial morphology (Figure 2C). 

Both SCAND1 or MZF1 overexpression significantly inhibited tumor cell proliferation, 

while SCAND1 overexpression more significantly inhibited it  (Figure 2D). 

We next performed western blotting for E-cadherin, Vimentin, phosphorylated 

MAPK-ERK1/2 and NF-κB to confirm the role of SCAND1 and MZF1 in regulation of ep-

ithelial, mesenchymal, and cell proliferation markers. E-cadherin was markedly increased 
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by SCAND1 overexpression and slightly by MZF1 overexpression (Figure 2E). Vimentin 

was markedly reduced by SCAND1 overexpression, although increased by MZF1 over-

expression. These data suggested that SCAND1 reverses EMT in DU-145 cells and induces 

epithelial status. On the other hand, MZF1 overexpression enhanced hybrid EMT status 

by increasing both mesenchymal and epithelial markers. 

Phosphorylated MAPK-ERK-1/2 levels were markedly reduced by SCAND1 overex-

pression, although not markedly affected by MZF1 overexpression (Figure 2E). In addi-

tion, phosphorylated NF-κB p65 (also known as RelA) was markedly reduced by 

SCAND1 overexpression, although not markedly altered by MZF1 overexpression. 

HSP90β, a constitutively expressed type of HSP90 often used as a loading control, was not 

markedly altered by the overexpression. 

To verify whether the subcellular localization of β-catenin and E-cadherin were al-

tered by SCAND1 and MZF1 overexpression, we next performed immunocytochemistry 

observed under CLSM. β-Catenin was accumulated in the nuclei of the non-transfected 

and MZF1-overexpressed DU-145 cells, while this versatile protein was also localized at 

intercellular adhesin sites in the hybrid EMT status  (Figure 2F). In contrast, SCAND1 

overexpression markedly reduced nuclear β-catenin and led to relocation to intercellular 

adhesion sites formed by E-cadherin. E-cadherin was faintly detectable in the cytoplasm 

and possibly in nuclei of non-transfected and MZF1-overexpressed cells. In contrast, 

SCAND1 overexpression markedly induced functional E-cadherin that formed epithelial 

intercellular adhesion. 

These data suggested that SCAND1 reduces tumor cell proliferation by inhibiting the 

MEK-ERK signaling pathway, reverses EMT, and transduces prostate tumor cells into ep-

ithelial status. 
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Figure 2. SCAND1 inhibits tumor cell proliferation and reverts EMT to establish epithelial adhesion. 

(A) Structures of MZF1 and SCAND1. zf, zinc finger motif. (B) Western blotting of MZF1Flag and 

SCAND1Flag expressed in COS7 cells. (C–F) Plasmid for overexpressing SCAND1 and MZF1 or the 

control pcDNA3 vector were transfected into DU-145, and stable cells were cloned. (C) Morpholo-

gies of SCAND1-overexpressed and control vector-transfected DU-145 cells. Arrowheads indicate 

spindle-shaped mesenchymal cells. Arrow indicates polygonal, cobblestone-like epithelial cells. 

Scale bars, 100 µm. (D) Cell proliferation curves. NT, non-transfected DU-145 cells. Vector, trans-

fected with pcDNA3 vector. (E) Western blotting of E-cadherin, Vimentin, phosphorylated or total 

ERK-1/2 and NF-κB p65. HSP90β, loading control. (F) Subcellular localization of β-catenin and E-

cadherin observed under CLSM. Red arrows indicate epithelial intercellular adhesion. Blue arrow-

heads indicate spindle-shaped mesenchymal cells. Scale bars, 100 µm. 

3.3. SCAND1 and MZF1 expression negatively correlates with gene expression of MAP3Ks 

(MEKKs), MAPKs and EMT drivers  

We have shown the coexpression and direct interaction of SCAND1 and MZF1 in 

Figure 1. To determine whether SCAND1-MZF1 could be involved in regulation of the 

gene expression of MAPKs and EMT drivers, we next investigated coexpression signa-

tures of SCAND1 and MZF1 versus gene expression of MAPKs (including MAP3Ks) and 

EMT drivers, including CTNNB1 (encoding β-catenin), ZEB1 and ZEB2, and TGFBRs (en-

coding TGFβ receptors). Of note, we found that SCAND1 and MZF1 expression nega-

tively correlated with expression of two MAP3K genes (MAP3K1(MEKK2) and 

MAP3K2(MEKK1)) and two MAPK genes (MAPK1(ERK2) and MAPK14(p38Alpha)) (Ta-

ble 1, Figure 3A, 3B). These data suggested that SCAND1-MZF1 could mediate versatile 

repression of the MAP3Ks (MEKK1 and MEKK2) genes, which are essential for the phos-

phorylation of MAPKKs (MEK) and subsequent ERK. 
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Regarding EMT drivers, both SCAND1 and MZF1 expression negatively correlated 

with CTNNB1 expression in prostate tumor specimens (Figure 3C). Moreover, SCAND1 

and MZF1 expression also negatively correlated with ZEB1 and ZEB2 expression (Figure 

3D). These data suggested that SCAND1-MZF1 could repress ZEB1, ZEB2, and CTNNB1 

genes, an effect that might reverse the EMT phenotype, consistent with the data from cell 

biology in Figure 2. Furthermore, SCAND1 and MZF1 co-expression was also negatively 

correlated with TGFBR1, TGFBR2 and TGFBR3 gene expression (Figure 3E), suggesting 

that SCAND1-MZF1 could reduce TGFβ receptors to narrow down TGFβ signals emanat-

ing from the microenvironment to tumor cells. 

These data suggested that SCAND1-MZF1 could co-repress gene expression of 

MAP3Ks (MEKKs) and MAPKs to inhibit tumor cell proliferation; vise versa, loss of 

SCAND1-MZF1 could release gene expression of MEKKs and MAPKs to activate tumor 

cell proliferation. Moreover, SCAND1-MZF1 could co-repress gene expression of 

CTNNB1, ZEB1/2, and TGFBR1/2/3 to revert EMT; vise versa, loss of SCAND1-MZF1 

could release gene expression of CTNNB1, ZEB1/2 and TGFBR1/2/3 to activate EMT. 

Table 1. Correlated gene expression of SCAND1 and MZF1 versus MAP3K, MAPK, CTNNB1, ZEB, 

and TGFBR. 

Correlated 

gene 

SCAND1 MZF1 
Alternative 

name Spearman's 

correlation 
p-Value q-Value 

Spearman's 

correlation 
p-Value q-Value 

MAP3K2 -0.715 3.37E-78 3.32E-76 -0.382 1.40E-18 1.36E-17 MEKK2 

MAP3K1 -0.617 5.63E-53 1.15E-51 -0.347 2.13E-15 1.53E-14 MEKK1 

MAPK1 -0.633 1.40E-56 3.43E-55 -0.548 5.07E-40 2.47E-38 ERK2 

MAPK14 -0.564 8.68E-43 1.08E-41 -0.457 8.33E-27 1.70E-25 p38Alpha 

CTNNB1 -0.621 5.48E-54 1.18E-52 -0.517 4.68E-35 1.67E-33 – 

ZEB2 -0.433 5.85E-24 3.24E-23 -0.381 1.72E-18 1.66E-17 – 

ZEB1 -0.309 2.35E-12 7.43E-12 -0.353 7.00E-16 5.28E-15 – 

TGFBR2 -0.373 9.33E-18 3.88E-17 -0.362 1.14E-16 9.26E-16 – 

TGFBR3 -0.334 2.65E-14 9.24E-14 -0.384 9.96E-19 9.85E-18 – 

TGFBR1 -0.301 8.14E-12 2.50E-11 -0.487 1.09E-30 2.95E-29 – 
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Figure 3. SCAND1 and MZF1 expression negatively correlated with gene expression of MAP3Ks 

(MEKKs), MAPKs, and EMT drivers in prostate tumors. Coexpression of SCAND1 and MZF1 were 

analyzed versus (A) MAP3K1 (MEKK1) and MAP3K2 (MEKK2), (B) MAPK1 (ERK2) and MAPK14 

(p38Alpha), (C) CTNNB1 (encoding β-catenin), (D) ZEB1 and ZEB2, and (E) TGFβ receptors 

(TGFBR1, TGFBR2 and TGFBR3) in patients-derived prostate adenocarcinoma specimens. 

3.4. SCAND1 overexpression inhibited collective migration and lymph-node metastasis of 

prostate cancer 

Tumor cell migration and invasion are crucial processes in the initiation of metasta-

sis, and hybrid EMT is known to be involved in these processes [18,45]. Metastatic prostate 

cancer often disseminate to pelvic lymph nodes [13,46]. Recent studies have shown that 

tumor budding of 5–20 cells collectively migrated and invaded stroma, a process known 

as collective migration [47,48]. We have recently shown that SCAND1 overexpression 

could inhibit tumor growth of prostate cancer cells in vivo [28]. We next used a mouse 

tumor xenograft model to examine whether SCAND1 could inhibit tumor cell EMT, mi-

gration, and metastasis. Colocalized expression of E-cadherin was seen in/around the cells 

overexpressing SCAND1, indicating that SCAND1 influenced the tumor cells towards an 

epithelial phenotype (Figure 4A). Vimentin was abundantly expressed in the control 
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tumors, although markedly reduced in the SCAND1-overexpressing cells (Figure 4B). 

These data suggested that SCAND1 reversed EMT in prostate tumor cells to a more epi-

thelial status in vivo. 

Ki-67, a marker of proliferating tumor cells, was suppressed by SCAND1 overexpres-

sion in in-vivo tumors (Figure 4C). Of note, collective migration of Ki67+ tumor cells was 

seen budding from the tumor to invade stroma in the control tumors only but not in 

SCAND1-overexpressing tumors. 

Next, we examined whether SCAND1 overexpression in prostate tumors could alter 

pelvic lymph node metastasis in the mouse xenograft model. Lymph node metastases 

were found in 100% (4/4) of the control mice, although reduced to 25% (1/4) in the 

SCAND1-overexpressing tumor xenograft mice (Figure 4D). The average rate of pelvic 

lymph node metastasis was 70% in the control mice versus 25% in the SCAND1-overex-

pressing tumor xenograft mice.  

These data suggest that SCAND1 overexpression inhibited prostate cancer migration 

and lymph-node metastasis in vivo. 

 

Figure 4. SCAND1 inhibits EMT, collective migration and lymph-node metastasis. SCAND1-over-

expressed or the control vector-transfected DU-145 cells were subcutaneously transplanted into 

mice. Tumors were resected, and IHC was performed for SCAND1, E-cadherin, Vimentin and Ki-

67. (A) Colocalization of SCAND1 and E-cadherin in the tumor overexpressed with SCAND1. Ar-

rowheads indicate coexpression. Scale bars, 50 µm. (B) IHC for vimentin. Arrowheads indicate vi-

mentin+ cells in the left panel and vimentin– cells in the right panel. Scale bars, 50 µm. (C) IHC for 

Ki-67 in the center of tumors (upper panels) and tumor-stroma border areas (lower panels). St, 

stroma. Tu, tumor. Arrowheads indicate collectively migrating cells from the tumor into the stroma. 

Scale bars, 50 µm. (D) Column scatter plotting for the rate of lymph nodes with metastasis in each 

mouse. n=4 mice. 

3.5. SCAND1 and MZF1 expression correlated with the prognosis of patients suffering from 

cancers 

To clarify the prognostic values of MZF1 and SCAND1, we next investigated whether 

MZF1 and SCAND1 high or low expression correlated with survival rates of patients suf-

fering from pancreatic, head and neck, kidney, and prostate cancers. High expression of 

MZF1 and SCAND1 correlated with better prognosis in pancreas DAC and head and neck 

SCC (Figure 5A, upper 4 panels; Table 2). On the other hand, high expression of MZF1 

and SCAND1 correlated with poorer prognosis in kidney RCC (Figure 5A, third row; Ta-

ble 2). Moreover, high expression of MZF1 correlated with poorer prognosis in prostate 
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adenocarcinoma (Figure 5A, bottom). Meanwhile, Kaplan-Meyer graphs of SCAND1 high 

versus low expression cross each other and there was no correlation with the prognosis of 

prostate adenocarcinoma. 

These data suggest that SCAND1-MZF1 high expression is a better prognosis marker 

for patients suffering from pancreatic cancer and head and neck cancer, whereas 

SCAND1-MZF1 high expression is a poorer prognosis marker for patients suffering from 

kidney cancer. MZF1 high expression is a poorer prognosis marker for patients suffering 

from prostate adenocarcinoma. 

Table 2. Prognostic values of SCAND1 and MZF1 expression in cancer. 

Cancer type 
Log-rank P Hazard ratio 

SCAND1 MZF1 SCAND1 MZF1 

Pancreas DAC 0.0041** 0.0009** 0.49 0.5 

Head & Neck SCC, Stage III 0.024* 0.018* 0.40 0.26 

Kidney RCC 9.9e-5*** 1.7e-8*** 1.79 2.38 

Prostate Adenocarcinoma 0.15 0.002** 0.21 0.0062 

*p<0.05, **p<0.05, ***p<0.0001. 
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. 

Figure 5. Prognostic values of SCAND1 and MZF1 expression in cancer patients. Kaplan-Meier plot-

ting was performed to compare the prognosis of high- versus low-expression groups of SCAND1 

and MZF1 in patients suffering from pancreas cancer, head and neck cancer, kidney cancer, and 

prostate cancer. 

4. Discussion 

In the present study, we show for the first time that SCAND1 reverses EMT, inhibits 

tumor cell proliferation and reduces the invasive capacities of prostate cancer cells (Figure 

2). The rationale behind these properties is that SCAND1 can bind MZF1, a SCAN-ZF 

partner, binding to DNA and repress the transcription of pro-malignant target genes. We 

have shown direct evidence for MZF1-SCAND1 co-association on DNA and influence of 

the transcription of the CDC37 gene [28]. Evidence suggesting a role for these findings in 

prostate cancer is that SCAND1 and MZF1 are coordinately expressed in many cases of 

clinical prostate adenocarcinomas and are spacially co-localized in cancer cells. These 

findings suggest their oligomerization and co-regulation on target genes (Figure 1E, F). 
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Of note, overexpression of SCAND1 over endogenous MZF1 reverted partial EMT status 

of cells into a epithelia-like status, while combined SCAND1 and MZF1 expression nega-

tively correlated with gene expression of EMT drivers, including ZEB1, ZEB2, TGFβ re-

ceptors and β-catenin (Figure 2 and 3). These data suggested that SCAND1-MZF1 com-

plexes inhibit EMT by co-repressing ZEB1/2, TGFBRs and CTNNB1 (Figure 6). Moreover, 

overexpression of SCAND1 inhibited phosphorylation of ERK-1/2 and tumor cell prolif-

eration, while SCAND1 and MZF1 expression negatively correlated with gene expression 

of MAP3K-1/2 (MEKK-1/2) (Figures 2 and 3). These data suggested that SCAND1-MZF1 

complexes suppress tumor cell proliferation by co-repressing MEKK / MAP3K genes and 

quenching the MEK-ERK signaling pathway.  

 

Figure 6. Graphical abstract. SCAND1-MZF1 can revert mesenchymal tumor cells to a more epithe-

lial, less invasive status and inhibit their proliferation. (A) Transcriptional repression. The combina-

tion of SCAND1 and SCAN-ZF, such as MZF1, can repress EMT driver genes, including ZEB1/2, 

TGFBRs, CTNNB1 to reverse EMT for establishing more epithelial and less invasive phenotype. 

SCAND1-MZF1 also co-represses genes encoding mitogen-activated protein kinases, including 

MEKK and ERK-MAPK, to inhibit tumor cell proliferation. (B) Partial EMT (or hybrid E/M) is con-

trolled by SCAND1-MZF1. SCAND1-MZF1 maintains epithelial status of cells, whereas the loss of 

SCAND1 initiate EMT. SCAND1-MZF1 co-expression can revert EMT to retrieve epithelial status. . 

A therapeutic strategy to transduce mesenchymal tumor cells into epithelial cells by 

inducing SCAND1-MZF1 could potentially help cancer therapy. Epithelial tumor cells 

tend to be more sensitive to drugs, responsive to apoptosis signals, and susceptible to 

immune attack than mesenchymal tumor cells, whereas mesenchymal tumor cells are 

more chemoresistant [19]. However, a tumor epithelialization strategy could be context-

dependent, as partial EMT induces tumor cell stemness, tumor initiation capacity, and 

adaptation to changes in the microenvironment and metabolism, which could generate 
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resistant cancer reccurence that is difficult to treat [18]. Indeed, tumor cell spheroids are 

formed with epithelial adhesion by E-cadherin and EpCAM, while simultaneously ex-

pressing mesenchymal marker Vimentin, indicating that hybrid / partial EMT status may 

be essential for tumor and spheroid formation [13]. Moreover, spheroid formation in-

volves enhanced stemness, chemoresistance, and malignant exosome release in cancer 

[13,49-52]. Our data indicate that elevated expression of SCAND1 and MZF1 can revert 

the hybrid EMT status of tumor cells to more epithelial status, although Vimentin and 

nuclear E-cadherin and β-catenin remained, suggesting that the cells were not fully epi-

thelial.  

Our study also suggests that the SCAND1-MZF1 complex is pleiotropic and can con-

trol several signaling pathways that activate EMT. These include TGFβ signal as well as 

Wnt-β-catenin pathway and MAPK signaling pathway, as suggested in Figures 2, 3 and 

Table 1. These findings are significant as TGFβ plays a central role in inducing EMT in 

several different tissue and tumor types [53-55]. This EMT signaling mechanism collabo-

rates with several other signaling systems, including the MAPK (MEKK-MEK-

ERK/MAPK and p38-MAPK) and PI3K-AKT-NF-κB pathways that also contribute to the 

expression of EMT programs [53]. Our data also suggest that SCAND1 and MZF1 could 

co-suppress WNT/β-catenin signal. Therefore, SCAND1-MZF1-based gene repression of 

CTNNB1 can minimize EMT-TF gene expression and thus reverse EMT. Our experiments 

also indicated that SCAND1-MZF1 can minimize the tumor microenvironmental EMT-

inducing mitogenic factors, such as EGF, FGF, extracellular HSP90, and exosomes in-

volved in activating EMT [10,56,57]. Therefore, SCAND1-MZF1-based gene repression of 

MAP3Ks and MAPKs can reduce mitogenic and EMT-inducing signals from EGFR and 

FGFR.  

Our data suggest that SCAND1 and MZF1 might also be involved in regulating mo-

lecular chaperone expression and the cell stress response in cancer. We have shown that 

molecular chaperones HSP90 and CDC37 and HSP90-rich exosomes are crucial in pro-

moting EMT in prostate cancer, tongue cancer, and normal epithelial cells [9,10,12]. The 

production of HSP90 / CD9-rich exosomes and the progression of EMT are regulated by 

heat shock factor 1 (HSF1) and its target gene CDC37 [9]. We also have shown that MZF1 

activated the CDC37 gene, although SCAND1 repressed it in prostate cancer [28]. There-

fore, SCAND1 and MZF1 could also be involved in cell stress response by crosstalking 

with oncogenic factor HSF1. 

Finally, our data also touch upon potential prognostic importance of SCAND1 and 

MZF1 expression in evaluating several types of cancer, including prostate cancer. MZF1 

and SCAND1 high expression correlated with better prognoses in patients suffering from 

pancreatic cancer and head and neck cancers (Figure 5), suggesting that elevated 

SCAND1-MZF1 co-expression could function by inhibiting EMT and invasive phenotypes 

promoting cancer. It was consistently reported that the downregulation of MZF1 is asso-

ciated with gastric tumourigenesis, suggesting that MZF1 could be an early predictive and 

prognostic biomarker in gastric cancer patients [58]. On the other hand, SCAND1 and 

MZF1 high co-expression correlated with poor prognosis in patients suffering from kid-

ney cancer. Hybrid EMT status can provide increased stemness, tumor initiation capacity, 

and the ability to adapt to environmental changes [18]. This status could affect the prog-

nosis of cancer. 

In conclusion, our current study suggests that the association of SCAND1 and MZF1 

can revert the EMT phenotype and inhibit tumor cell proliferation by co-repressing the 

expression of MAP3K (MEKK), MAPK, and EMT driver genes in prostate cancer. 

SCAND1-MZF1 complexes can thus oppose tumor progression.  
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