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A B S T R A C T   

The ETV6-MECOM fusion gene, produced by the rare and recurrent chromosomal translocation t(3; 12) (q26; 
p13), is associated with high mortality and short survival in myeloid leukemia. However, its function and un-
derlying mechanisms in leukemia progression remain unknown. In this study, leukemia-stable K562 cells 
expressing the ETV6-MECOM fusion protein were used to investigate the effects of the ETV6-MECOM onco-
protein. K562-ETV6-MECOM cells were undifferentiated and had reduced colony formation, increased cell 
migration and invasion, and increased sphere number and diameter in a spheroid formation assay, presenting 
epithelial-to-mesenchymal transition (EMT) traits. The expression of E-cadherin, a hallmark of EMT, was 
significantly downregulated at the transcriptional and translational level in K562-ETV6-MECOM cells to explore 
the mechanistic basis of EMT. Stepwise truncation, DNA sequence deletion, mutation analysis for E-cadherin 
promoter transactivation, and a dual luciferase assay indicated that the regulatory region of ETV6-MECOM is 
located in the DNA motif − 1116 TTAAAA− 1111 of E-cadherin promoter. Moreover, a chromatin immunoprecipi-
tation assay showed that this oncoprotein binds to the DNA motif − 1116 TTAAAA− 1111 with the anti-EVI1 anti-
body. Although ETV6-MECOM upregulated the expressions of EMT master regulators, including SNAIL, SLUG, 
ZEB2, and TWIST2, their knockdown had no effect on EMT-related properties. However, overexpression of E- 
cadherin eliminated EMT traits in the presence of the ETV6-MECOM oncoprotein. These data confirmed that the 
ETV6-MECOM oncoprotein, not SNAIL, SLUG, ZEB2, or TWIST2, plays a critical role in inducing EMT traits in 
leukemia K562 cells. ETV6-MECOM induces EMT-related properties by downregulating the transcriptional 
expression of E-cadherin and repressing its transactivation activity by binding to its core motif 
− 1116TTAAAA− 1111 in leukemia K562 cells. These findings could contribute to the development of a therapeutic 
target for patients with myeloid leukemia characterized by ETV6-MECOM.   
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1. Introduction 

Approximately 4% of patients with acute myeloid leukemia (AML) 
carry rearrangements of the myelodysplasia syndrome 1 (MDS1) and 
ecotropic viral integration site 1 (EVI1) complex locus (MECOM) [1]. 
AML that is characterized by MECOM rearrangement has poor outcomes 
and a poor response to chemotherapy, with a dismal median overall 
survival of <1 year after diagnosis [2]. The 5th edition of the World 
Health Organization (WHO) classification of hematolymphoid tumors 
recognizes AML with MECOM rearrangement as a distinct entity, 
regardless of blast counts [3]. MECOM rearrangement is driven by the 
classic inv(3)/t(3; 3)(q21; q26.2) or inv(3)/t(3; 3) and atypical 
3q26-rearrangement, such as t(2; 3)(p15-22; q26), t(3; 4)(q26; p15), t(3; 
8)(q26; p23), t(3; 11)(q26; q24), t(3; 12)(q26; p13), and t(3; 21)(q26; 
q22) [4,5]. Among these, the ETV6-MECOM fusion protein, an onco-
protein produced by t(3; 12)(q26; p13), is a rare but recurrent aberra-
tion in AML, myelodysplastic syndromes (MDS), and chronic 
myelogenous leukemia (CML) [4]. Recent studies have reported over 70 
cases of MDS and myeloid leukemia that carried t(3; 12)(q26; p13). 
Among these, eight patients with CML carried both t(9; 22)(q34; q11) 
and t(3; 12)(q26; p13), producing the BCR-ABL1 fusion gene coexisting 
with the ETV6-MECOM fusion gene, resulted in blasts or accelerated 
phases and a dismal outcome [4,6]. The ETV6-MECOM oncoprotein is 
associated with refractory/relapsed disease, high mortality, and short 
OS, with a median survival of 6.3 months after the detection of t(3; 12) 
[4]. However, its functions and underlying mechanisms remain unclear. 

MECOM is a transcriptional regulator and an oncoprotein associated 
with an aggressive phenotype in human leukemia. It encodes different 
isoforms, including EVI1with two zinc finger domains (ZFD) at the N- 
and C-terminus, and MDS1-EVI1 contains a PR domain and is otherwise 
identical to the EVI1 protein (Fig. S1A) [7]. EVI1 is indispensable for 
hematopoietic stemness, which triggers myeloid differentiation arrest, 
retains self-renewal, and enhances cell survival in hematopoietic pro-
genitors. In addition, it induces epithelial-to-mesenchymal transition 
(EMT) in cancers, including leukemia. This results in tumorigenesis and 
invasion [8–10]. The hallmark of EMT is the downregulation of E-cad-
herin expression to reinforce the destabilization of adherent junctions 
[11]. E-cadherin expression is directly repressed by several EMT tran-
scription factors (EMT-TFs), including SNAIL, ZEB, and TWIST family 
proteins [12]. Some EMT-TFs, such as ZEB1, ZEB2, SNAIL1, and SNAIL2, 
contribute to the development and pathogenesis of acute leukemia 
[13–15]. 

As ETV6-MECOM retains the entire functional domain of MECOM 
(MDS1-EVI1), we hypothesized that it may be involved in regulating 
EMT traits in hematological malignancies. Therefore, this study aimed 
to evaluate its effects on EMT traits in K562 cells. It provides a new 
therapeutic target for patients with leukemia harboring the ETV6- 
MECOM oncoprotein. 

2. Materials and methods 

2.1. Cell culture 

Human myeloid leukemia K562 and human embryonic kidney 293T 
cells were purchased from the Chinese Academy of Sciences (Shanghai, 
China). K562 cells were transduced with lentivirus expressing pLVX- 
Puro-V5-APEX2-ETV6-MECOM (pLVX-ETV6-MECOM) or pLVX-Puro- 
V5-APEX2 (pLVX-vector) plasmid, and cultured in RPMI-1640 (Gibco, 
Grand Island, NY, USA) supplemented with 15% fetal bovine serum 
(FBS; ExCell Bio, Shanghai, China), with 1.5 μg/ml puromycin added to 
screen stable cell lines (K562-ETV6-MECOM). The 293T cells were 
cultured in Dulbecco’s modified Eagle’s medium (DMEM; Gibco) sup-
plemented with 10% FBS. All cells were cultured in an incubator with 
5% CO2 at 37 ◦C. 

2.2. RNA extraction, quantitative real-time PCR (qPCR), and Western 
blot analysis 

RNA extraction, qPCR, and Western blot analysis were performed as 
described in the Supplemental file. The corresponding primer sequences 
and antibodies are shown in Tables S1 and S2, respectively. 

2.3. Spheroid formation, colony formation, migration and invasion, and 
cell morphology assays 

The protocols for the spheroid formation, colony formation, migra-
tion and invasion, and cell morphology assays were described in the 
supplemental file. 

2.4. Plasmid construction 

Different lengths of E-cadherin truncations were cloned into the 
pGL3.0-basic luciferase reporter gene plasmid and named pGL3-E- 
cadherin to investigate the transactivation activity of the E-cadherin 
promoter. The corresponding primers are listed in Table S3 in the Sup-
plemental file. E-cadherin promoter truncations included − 2100 to 
+150, − 1200 to +150, − 997 to +150, − 672 to +150, − 488 to +150, 
and − 236 to +150. They were named pGL3-E-cadherin − 2100, pGL3-E- 
cadherin − 1200, pGL3-E-cadherin − 997, pGL3-E-cadherin − 672, pGL3- 
E-cadherin − 488, and pGL3-E-cadherin − 236, respectively (Fig. 4B). 
DNA bases in the pGL3-E-cadherin-1200 plasmid were point-mutated or 
deleted according to the manufacturer’s instructions (Supplemental 
file). These included the mutations of − 1125AAGACTAGATTAAAA− 1111, 
− 1123GACTAGA− 1117, and − 1110AAT− 1108 in − 1125TGGC GTCAGTC 
CGCA− 1111 (pGL3-E-cadherin-1200-MUT), − 1123CCTGCCG− 1117 (pGL3- 
E-cadherin-MUT-1123~-1117), and − 1110CCG− 1108 (pGL3-E-cadherin- 
MUT-1110~-1108), respectively, and the deletion of − 1116TTA 
AAA− 1111 (pGL3-E-cadherin-Δ-1116~-1111) (Fig. 4F). DNA sequences 
of − 1116TTAAAA− 1111 in the pGL3-E-cadherin-1200 plasmid were point- 
mutated to gTAAAA, TgAAAA, TTgAAA, TTAgAA, TTAAgA, and 
TTAAAg and named pGL3-E-cadherin-MUT-1116, pGL3-E-cadherin- 
1115, pGL3-E-cadherin-1114, pGL3-E-cadherin-1113, pGL3-E-cadherin- 
1112, and pGL3-E-cadherin-1111, respectively (Fig. 4H). 

Full-length E-cadherin cDNA was cloned into the eukaryotic 
expression vector PCDH-EF1-MCS-T2A-Puro (PCDH vector) and named 
PCDH-E-cadherin. The PCR primer sequences for E-cadherin transcripts 
were shown in Table S4 in the Supplemental file. The plasmid con-
struction protocols were described in the supplemental file. 

2.5. Transient transfection 

The PCDH-E-cadherin plasmid was transiently transfected into K562- 
ETV6-MECOM cells. Target sequences of the siRNAs used to separately 
knockdown the expressions of SNAIL, SLUG, ZEB2, and TWIST2 in 
K562-ETV6-MECOM cells were shown in Table S5. The relative trans-
fection protocols were described in the supplemental file. 

2.6. Luciferase reporter gene activity assay 

Plasmids pLVX-ETV6-MECOM, pGL3-E-cadherin truncations or mu-
tations, and simian virus 40 (SV40) plasmid as an internal control were 
co-transfected into 293T cells. Protocols for the dual-luciferase reporter 
assay (DLR) are described in the supplemental file. 

2.7. Chromatin immunoprecipitation assay (ChIP) 

Plasmids pLVX-ETV6-MECOM, pGL3-E-cadherin-1200 or pGL3-E- 
cadherin-Δ-1116~-1111, and SV40 were co-transfected into 293T cells. 
ChIP was performed 48 h after transfection using an anti-EVI1 antibody 
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(#2593, Cell Signaling Technology, Danvers, MA, USA) according to the 
manufacturer’s protocol (Supplemental file). The PCR primers for ChIP 
are listed in Table S6 in the Supplemental file. 

2.8. Statistical analysis 

Each experiment was performed at least triplicate. Data were 
analyzed using the GraphPad Prism software (Version 6.01, La Jolla, CA, 
USA, www.graphpad.com). Data are presented as the mean ± standard 

error of the mean (SEM). Statistical differences between experimental 
groups were calculated using Student’s t-test or one-way analysis of 
variance. P < 0.05 was considered statistically significant. 

Fig. 1. ETV6-MECOM fusion protein induced EMT characteristics in K562 cells. RT-PCR (A) and Western blot (B) results of K562 cells stably transduced with 
the pLVX-ETV6-MECOM and the pLVX-vector lentivirus. Representative images showing inhibited cell differentiation ( × 200 and × 400) (C), reduced colony 
formation ability (D), increased migration and invasion abilities ( × 100) (E), and increased self-renewal ability ( × 100) (F) in K562-ETV6-MECOM cells. (G) 
Western blot results showing SNAIL, SLUG, ZEB2, and TWIST2 overexpression in K562-ETV6-MECOM cells. RT-PCR (H), qPCR(I), and Western blot (J) results 
showing the downregulation of E-cadherin expression in K562-ETV6-MECOM cells. Data were presented as mean ± SEM. n = 3, *P < 0.05, **P < 0.01 and ***P 
< 0.001. 
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3. Results 

3.1. The ETV6-MECOM fusion protein induced stem cell-like properties 
and increased invasion in K562 cells 

The ETV6-MECOM fusion gene encodes a 214 kDa fusion protein. Its 
ETV6-derived N-terminus contains no functional domain, whereas the 
C-terminal domain of MECOM (MDS1-EVI1) preserves the entire func-
tional domain. A schematic of the structure of the ETV6-MECOM fusion 
protein is shown in Fig. S1B. 

To determine the role of the ETV6-MECOM fusion protein in the 
regulation of EMT characteristics in leukemia, we established a stable 
cell line, namely K562-ETV6-MECOM. As shown in Fig. 1A–B, ETV6- 
MECOM expression remarkably increased at the transcriptional and 
translational levels. K562-ETV6-MECOM cells presented striking 
morphological changes, including a reduced cytoplasm-to-nucleus ratio, 
and round or elliptical nucleus with finer chromatin, with a deeply 
basophilic cytoplasm observed during staining. However, K562-pLVX- 
vector cells showed contrasting results (Fig. 1C). In addition, K562- 
ETV6-MECOM cells exhibited reduced colony numbers (Fig. 1D) and 
increased migration and invasion (Fig. 1E). The in vitro spheroid for-
mation assay showed that sphere numbers and diameters were markedly 
increased in K562-ETV6-MECOM cells compared to those in K562-pLVX 
cells on Days 7, 14, and 21 (Fig. 1F). Furthermore, the ETV6-MECOM 
fusion protein enabled the K562 leukemia cells to exhibit EMT 
characteristics. 

3.2. SNAIL, SLUG, ZEB2, and TWIST2 expression upregulated by the 
ETV6-MECOM oncoprotein did not induce EMT properties in K562-ETV6- 
MECOM cells 

In the context of the ETV6-MECOM oncoprotein, K562-ETV6- 
MECOM stable cells presented with EMT characteristics. Therefore, 
EMT master regulators, namely EMT-TFs, were detected to determine 
the regulatory relationship between EMT-TFs and ETV6-MECOM. As 
shown in Fig. 1G and Fig. S2A–D, the ETV6-MECOM oncoprotein 
upregulated the expression of SNAIL, SLUG, ZEB2, and TWIST2 at the 

transcriptional and translational levels. However, the expression of 
SMUC, ZEB1, and TWIST1 remained stable in K562-ETV6-MECOM cells 
(Fig. S2A-D and F). Furthermore, E-cadherin was downregulated 
(Fig. 1H–J), N-cadherin was overexpressed, and Vimentin remained 
stable at the transcriptional and translational levels (Fig. S2A, E and G) 
in the presence of the ETV6-MECOM oncoprotein. 

EMT master regulators generally downregulate the expression of E- 
cadherin, a hallmark of EMT, to induce EMT. In the present study, we 
investigated whether the upregulated SNAIL, SLUG, ZEB2, and TWIST2 
expression can induce EMT-related properties in the context of the 
ETV6-MECOM oncoprotein in K562 stable cells. Therefore, SNAIL, 
SLUG, ZEB2, and TWIST2 were separately knocked down in K562-ETV6- 
MECOM cells and observed E-cadherin expression remained stable 
(Fig. 2A–D). Additionally, cell morphological features, migration and 
invasion abilities, and spheroid formation ability (Fig. S3) were similar 
to those in K562-ETV6-MECOM cells. Thus, EMT-related properties was 
not induced by the upregulation of SNAIL, SLUG, ZEB2, or TWIST2 
expression in K562-ETV6-MECOM cells. 

3.3. ETV6-MECOM downregulated E-cadherin expression induced EMT- 
related properties in K562 leukemia cells 

In presence of the ETV6-MECOM oncoprotein, K562-ETV6-MECOM 
stable cells downregulated E-cadherin expression and EMT properties. 
However, E-cadherin overexpression in K562-ETV6-MECOM cells 
(Fig. 3A–C) eliminated their EMT-related features, including cell 
morphology changes (Fig. 3D), colony formation (Fig. 3E), migration 
and invasion (Fig. 3F), and spheroid formation ability (Fig. 3G). This 
suggests that this protein downregulated E-cadherin expression to 
induce EMT-related properties in K562 cells. 

3.4. The ETV6-MECOM oncoprotein repressed E-cadherin transactivation 
by binding to its DNA sequence − 1116TTAAAA− 1111 

The ETV6-MECOM oncoprotein downregulated E-cadherin expres-
sion at the transcriptional and translational levels. Here, the plasmids 
such as pGL3-E-cadherin-2100, pLVX-ETV6-MECOM, and SV40 were 

Fig. 2. Knockdown SNAIL, SLUG, ZEB2 or TWIST2 had no impact on E-cadherin in K562-ETV6-MECOM cells. Western blots demonstrating the detection of 
knockdown SNAIL (A), SLUG (B), ZEB2 (C), or TWIST2 (D) by siRNAs in K562-ETV6-MECOM cells. Data were presented as mean ± SEM. n = 3, **P < 0.01, ***P <
0.001 and ns: not significant. 
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transiently co-transfected into 293T cells. The dual-luciferase activity 
significantly decreased, suggesting that ETV6-MECOM inhibited the 
transactivation of the E-cadherin promoter (Fig. 4A). 

Using stepwise truncation analysis for E-cadherin transactivation, 
dual-luciferase activity revealed that the regulatory sequence was 
located at − 1200 to − 997 of E-cadherin from the transcription start site 
(Fig. 4B–C). Bioinformatic analysis (https://jaspar.genereg.net/) was 
further utilized to predict the putative DNA motif in the E-cadherin 
promoter. The 5′-AAGACTAGATTAAAA-3′ sequence was identified as a 
putative responsive DNA element regulated by ETV6-MECOM (Fig. 4D). 
Replacing the wild-type 5′-AAGACTAGATTAAAA-3′ sequence with the 
mutated 5′-TGGCGTCAGTCCGCA-3′ sequence eliminated dual- 
luciferase activity (Fig. 4E), indicating that 5′-AAGACTAGATTAAAA-3′ 
was the regulatory region of the ETV6-MECOM oncoprotein. 

To precisely identify the core motif within the putative sequence 
− 1125AAGACTAGATTAAAA− 1111, we mutated − 1123GACTAGA− 1117 into 
− 1123CCTGCCG− 1117 (MUT-1123~-1117), deleted − 1116TTAAAA− 1111 

(Δ-1116~-1111), and mutated the neighbor region − 1110AAT− 1108 into 
− 1110CCG− 1108 (MUT-1110~-1108) (Fig. 4F). Here, − 1116TTAAAA− 1111 

was the core DNA element that regulated the luciferase activity of the E- 
cadherin promoter by ETV6-MECOM (Fig. 4G). As shown in Fig. 4H, the 
DNA sequence − 1116TTAAAA− 1111 in pGL3-E-cadherin-1200 was sepa-
rately point-mutated into a series of mutants containing MUT-1116 (T >
G), MUT-1115 (T > G), MUT-1114 (A > G), MUT-1113 (A > G), MUT- 
1112 (A > G), and MUT-1111 (A > G). These pGL3-E-cadherin mutants 
had increased luciferase activity (Fig. 4I). This indicated that each DNA 
base, particularly the bases − 1112A and A− 1111 in − 1116TTAAAA− 1111, 
played a key role in repressing E-cadherin transactivation. 

Fig. 3. ETV6-MECOM affected the EMT-related properties of K562 cells by downregulating E-cadherin expression. RT-PCR (A), qPCR (B) and Western blot 
(C) results showing E-cadherin expression levels in K562-ETV6-MECOM cells. Representative images showing promoted cell differentiation ( × 200 and × 400) (D) 
and colony formation (E), reduced migration and invasion ( × 100) (F), and self-renewal abilities ( × 100) (G) in K562-ETV6-MECOM cells after E-cadherin 
overexpression. Data were presented as mean ± SEM. n = 3. *P < 0.05, **P < 0.01, ***P < 0.001 and ns: not significant. 
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The plasmids pGL3-E-cadherin-1200 or pGL3-E-cadherin-Δ-1116~- 
1111, pLVX-ETV6-MECOM, and SV40 were co-transfected into 293T 
cells. In addition, ChIP was performed with the anti-EVI1 antibody. The 
PCR band in agarose gel electrophoresis was positive in 293T cells with 
pGL3-E-cadherin-1200, but negative in pGL3-E-cadherin-Δ-1116~- 
1111. This indicated that ETV6-MECOM bound to the DNA motif 
− 1116TTAAAA− 1111 of E-cadherin (Fig. 4J) to repress its transactivation, 
resulting in the downregulation of E-cadherin expression at the tran-
scriptional level. 

4. Discussion 

The ETV6-MECOM fusion gene is associated with disease progression 
and poor prognosis, with a median survival time of 6.3 months [4]. 
However, the function of the ETV6-MECOM oncoprotein in leukemia 
remains unknown. In the present study, the ETV6-MECOM fusion pro-
tein remarkably induced EMT properties, including leukemic 
stemness-like properties. It further increased migration and invasion 
abilities through transcriptional repression of E-cadherin by binding to 
the core motif − 1116TTAAAA− 1111 of this promoter. The unique tran-
scriptional regulatory pathways identified in this study may contribute 

Fig. 4. ETV6-MECOM binds to ¡1116TTAAAA¡1111 in the E-cadherin promoter. (A) ETV6-MECOM inhibited the transactivation of E-cadherin promoter. (B) A 
diagram showing pGL3-E-cadherin truncations (− 2100, − 1200, − 997, − 672, − 488 and − 236). (C) Luciferase activity assay results showing that ETV6-MECOM 
regulated E-cadherin at − 1200 to − 997. (D) Bioinformatic analysis predicting putative binding sequences in the E-cadherin promoter. (E) Luciferase activity 
assay results showing the putative sequence 5′-AAGACTAGATTAAAA-3′ as the regulatory region of the ETV6-MECOM oncoprotein. (F) A diagram showing pGL3-E- 
cadherin-1200 mutations (MUT-1123 to − 1117 and MUT-1110 to − 1108) and deletion (Δ-1116 to − 1111). (G) Luciferase assay results showing that only the Δ-1116 
to − 1111 plasmid inactivated the E-cadherin promoter. (H) A diagram showing pGL3-E-cadherin-1200 point-mutations (MUT-1116[T > G], MUT-1115 [T > G], 
MUT-1114 [A > G], MUT-1113 [A > G], MUT-1112 [A > G], and MUT-1111 [A > G]). (I) Luciferase assay results showing that each nucleotide responded to the 
transcriptional activation. (J) ChIP results showing interaction of ETV6-MECOM with different E-cadherin promoters. Data were presented as mean ± SEM. n = 3. *P 
< 0.05, **P < 0.01, ***P < 0.001 and ns: not significant. 
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to the development of novel targeted therapies for ETV6-MECOM 
rearrangements. 

Aberrant EMT reactivation is emerging as an important phenomenon 
in leukemia biology. However, the contribution of key regulators and 
oncoproteins to hematopoietic malignancies remains unclear. EMT 
confers motility, stem cell-like properties, and therapeutic resistance to 
various cancerous tissues during cancer progression and metastasis [16]. 
Our data show that the ETV6-MECOM fusion protein is functionally 
relevant for leukemia, resulting in obvious morphological changes and 
promoting the migration and invasion of K562 cells. The abnormal 
phenotypes caused by ETV6-MECOM indicated that this oncoprotein 
induces EMT traits. Our findings suggest that this protein reprogrammed 
K562 cells into an undifferentiated morphological state. Cancer stem 
cells (CSCs), defined by self-renewal, dedifferentiation, and tumorige-
nicity, often exhibit slowed proliferation and can re-enter rapid prolif-
eration in a new tumor microenvironment during EMT [17,18]. 
Consistent with these findings, spheroid formation assays demonstrated 
that K562-ETV6-MECOM cells possess self-renewal ability and cell 
lineage multipotency in the present study. 

SNAIL1/2/3, ZEB1/2, and TWIST1/2 primarily modulate the tran-
scriptional pathway that drives EMT by regulating motility and stemness 
[19]. In current work, the expression of ETV6-MECOM oncoprotein in 
K562 cells downregulated E-cadherin, upregulated N-cadherin, SNAIL, 
SLUG, ZEB2 and TWIST2, did not affect Vimentin. Accumulating evi-
dence has implicated these EMT-TFs in regulating the malignancy of 
leukemia cells [20]. For instance, increased SNAIL expression contrib-
utes to impaired differentiation, enhanced self-renewal, and prolifera-
tion of immature myeloid cells [14]. The absence of SLUG impairs the 
self-renewal ability of leukemia stem cells and delays leukemia pro-
gression [15]. ZEB2 affects the differentiation and proliferation of leu-
kemia cells [21]. Similarly, TWIST2 regulates the differentiation of bone 
marrow cells and inhibits the proliferation of granulocyte-macrophage 
progenitor cells [22]. These reports suggest that master EMT-TFs play 
crucial roles in the occurrence and progression of leukemia. However, 
the downregulation of SNAIL, SLUG, ZEB2, or TWIST2 did not affect the 
regulatory role of ETV6-MECOM in the EMT-related properties of leu-
kemia cells in the present study. This indicated that EMT-TFs are not key 
regulators of EMT traits in leukemia when ETV6-MECOM is present, 
which is markedly different from their classical regulatory role in the 
development of EMT in cancers. 

E-cadherin, a hallmark of EMT, is generally regulated by EMT-TFs 
such as SNAIL, SLUG, ZEB2, and TWIST2. These EMT-TFs can inde-
pendently bind to E-box response elements in the E-cadherin promoter 
to repress its expression [23–26]. Our results showed that ETV6-MECOM 
inhibits E-cadherin expression. We found no obvious changes in E-cad-
herin expression when SNAIL, SLUG, ZEB2, or TWIST2 expression was 
downregulated in the presence of ETV6-MECOM. Lu et al. [27] found 
that EVI1, SNAIL, and HDAC1 formed a co-repressor complex to repress 
E-cadherin expression and ultimately contributed to EMT and CSC 
properties in nasopharyngeal carcinoma cells. In colon cancer, EVI1 
inhibited EMT by directly inhibiting to the transcriptional activity of 
SLUG and the downregulation of MECOM expression decreased the 
expression of E-cadherin [10]. In AML, EVI1 regulated the proliferation 
and invasion of AML via MS4A3-mediated TGFβ/EMT signaling [9]. 
These findings indicated that ETV6-MECOM and EVI1 have different 
regulatory mechanisms, which may lead to different therapeutic stra-
tegies. The downregulation of E-cadherin expression served as a 
fundamental event of EMT, which occurs frequently during tumor 
metastasis [28]. In this study, E-cadherin overexpression confirmed that 
EMT traits were inhibited in K562-ETV6-MECOM cells. These findings 
suggest that the ETV6-MECOM fusion protein directly regulates E-cad-
herin expression and the EMT traits in K562 leukemia cells. 

The dual-luciferase assay showed that ETV6-MECOM directly in-
hibits the transactivation of the E-cadherin promoter. We further iden-
tified the putative sequence − 1125AAGACTAGATTAAAA− 1111 as the 
binding site of ETV6-MECOM in E-cadherin. EVI1 regulates gene 

transcription by recognizing and binding to GATA-like motifs [29]. The 
ETV6-MECOM fusion protein contains the entire functional domains of 
EVI1. In addition, the sequence − 1125AAGACTAGATTAAAA− 1111 in 
E-cadherin contains the motif − 1123GACTAGA− 1117, which is highly 
homologous to the GATA-like motif. However, ETV6-MECOM fusion did 
not recognize the GATA-like motif similar to EVI1. Therefore, the 
sequence − 1116TTAAAA− 1111 in the E-cadherin promoter was identified 
as the core binding site of ETV6-MECOM, and every nucleotide was 
identified as crucial for E-cadherin promoter transactivation. Further-
more, ChIP confirmed that the ETV6-MECOM oncoprotein binds to the 
sequence − 1116TTAAAA− 1111 in E-cadherin to downregulate its expres-
sion. However, further research is needed to fully elucidate why tran-
scriptional regulation patterns differ between ETV6-MECOM and EVI1 
even though they have the same terminal sequences. 

To our knowledge, our study is the first to explore the function and 
mechanism of the ETV6-MECOM fusion protein in the development of 
EMT-related properties of myeloid leukemia cells. Moreover, isolating the 
primary cells endogenously ETV6-MECOM rearrangement from leukemia 
patients and comparing the real situation with that of the enforced ETV6- 
MECOM expression in cells, and even making them into immortalized 
cells will be in a great help in the research field. E-cadherin serves as a 
downstream target and may be beneficial in determining available ther-
apeutic options for patients with leukemia characterized by ETV6- 
MECOM rearrangement and improving the patient outcomes. 
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EMT epithelial-to-mesenchymal transition 
FBS fetal bovine serum 
DMEM Dulbecco’s modified Eagle’s medium 

Q. Li et al.                                                                                                                                                                                                                                        



Biochemistry and Biophysics Reports 38 (2024) 101667

8

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.bbrep.2024.101667. 

References 

[1] Z. Tang, W. Wang, S. Yang, et al., 3q26.2/MECOM rearrangements by pericentric 
inv(3): Diagnostic challenges and clinicopathologic features, Cancers 15 (2023), 
https://doi.org/10.3390/cancers15020458. 

[2] J. Gao, S. Gurbuxani, T. Zak, et al., Comparison of myeloid neoplasms with 
nonclassic 3q26.2/MECOM versus classic inv(3)/t(3;3) rearrangements reveals 
diverse clinicopathologic features, genetic profiles, and molecular mechanisms of 
MECOM activation, Genes Chromosomes Cancer 61 (2022) 71–80, https://doi.org/ 
10.1002/gcc.23004. 

[3] J.D. Khoury, E. Solary, O. Abla, et al., The 5th edition of the World Health 
Organization classification of haematolymphoid tumours: myeloid and histiocytic/ 
dendritic neoplasms, Leukemia 36 (2022) 1703–1719, https://doi.org/10.1038/ 
s41375-022-01613-1. 

[4] A. Ronaghy, S. Hu, Z. Tang, et al., Myeloid neoplasms associated with t(3;12) 
(q26.2;p13) are clinically aggressive, show myelodysplasia, and frequently harbor 
chromosome 7 abnormalities, Mod. Pathol. 34 (2021) 300–313, https://doi.org/ 
10.1038/s41379-020-00663-z. 

[5] A. Yamaoka, M. Suzuki, S. Katayama, et al., EVI1 and GATA2 misexpression 
induced by inv(3)(q21q26) contribute to megakaryocyte-lineage skewing and 
leukemogenesis, Blood. Adv. 4 (2020) 1722–1736, https://doi.org/10.1182/ 
bloodadvances.2019000978. 

[6] A. Bennour, I. Tabka, Y. Ben Youssef, et al., A novel t(3;12)(q21;p13) translocation 
in a patient with accelerated chronic myeloid leukemia after imatinib and nilotinib 
therapy, Cancer Biol. Med. 10 (2013) 47–51, https://doi.org/10.7497/j.issn.2095- 
3941.2013.01.008. 

[7] M. Maicas, I. Vázquez, R. Alis, et al., The MDS and EVI1 complex locus (MECOM) 
isoforms regulate their own transcription and have different roles in the 
transformation of hematopoietic stem and progenitor cells, Biochim Biophys. Acta 
Gene Regul. Mech. 1860 (2017) 721–729, https://doi.org/10.1016/j. 
bbagrm.2017.03.007. 

[8] K. Morishita, D.S. Parker, M.L. Mucenski, et al., Retroviral activation of a novel 
gene encoding a zinc finger protein in IL-3-dependent myeloid leukemia cell lines, 
Cell 54 (1988) 831–840, https://doi.org/10.1016/s0092-8674(88)91175-0. 

[9] M. Jiang, X. Zou, W. Huang, Ecotropic viral integration site 1 regulates the 
progression of acute myeloid leukemia via MS4A3-mediated TGFβ/EMT signaling 
pathway, Oncol. Lett. 16 (2018) 2701–2708, https://doi.org/10.3892/ 
ol.2018.8890. 

[10] K.B. Nayak, I.S. Sajitha, T.R.S. Kumar, et al., Ecotropic viral integration site 1 
promotes metastasis independent of epithelial mesenchymal transition in colon 
cancer cells, Cell Death Dis. 9 (2018) 18, https://doi.org/10.1038/s41419-017- 
0036-1. 

[11] S. Lamouille, J. Xu, R. Derynck, Molecular mechanisms of epithelial-mesenchymal 
transition, Nat. Rev. Mol. Cell Biol. 15 (2014) 178–196, https://doi.org/10.1038/ 
nrm3758. 

[12] Z. Zeng, M. Fu, Y. Hu, et al., Regulation and signaling pathways in cancer stem 
cells: implications for targeted therapy for cancer, Mol. Cancer 22 (2023) 172, 
https://doi.org/10.1186/s12943-023-01877-w. 

[13] S.C. Chen, T.T. Liao, M.H. Yang, Emerging roles of epithelial-mesenchymal 
transition in hematological malignancies, J. Biomed. Sci. 25 (2018) 37, https://doi. 
org/10.1186/s12929-018-0440-6. 

[14] C.L. Carmichael, J. Wang, T. Nguyen, et al., The EMT modulator SNAI1 contributes 
to AML pathogenesis via its interaction with LSD1, Blood 136 (2020) 957–973, 
https://doi.org/10.1182/blood.2019002548. 

[15] Z. Zhang, L. Li, C. Wu, et al., Inhibition of SLUG effectively targets leukemia stem 
cells via the Slc13a3/ROS signaling pathway, Leukemia 34 (2020) 380–390, 
https://doi.org/10.1038/s41375-019-0566-x. 

[16] Y. Huang, W. Hong, X. Wei, The molecular mechanisms and therapeutic strategies 
of EMT in tumor progression and metastasis, J. Hematol. Oncol. 15 (2022), https:// 
doi.org/10.1186/s13045-022-01347-8. 

[17] T.G. Phan, P.I. Croucher, The dormant cancer cell life cycle, Nat. Rev. Cancer 20 
(2020) 398–411, https://doi.org/10.1038/s41568-020-0263-0. 

[18] L. Liang, A.M. Kaufmann, The significance of cancer stem cells and epithelial- 
mesenchymal transition in metastasis and anti-cancer therapy, Int. J. Mol. Sci. 24 
(2023), https://doi.org/10.3390/ijms24032555. 

[19] P. Debnath, R.S. Huirem, P. Dutta, et al., Epithelial-mesenchymal transition and its 
transcription factors, Biosci. Rep. 42 (2022), https://doi.org/10.1042/ 
BSR20211754. 

[20] U.D. Kahlert, J.V. Joseph, F.A.E. Kruyt, EMT- and MET-related processes in 
nonepithelial tumors: importance for disease progression, prognosis, and 
therapeutic opportunities, Mol. Oncol. 11 (2017) 860–877, https://doi.org/ 
10.1002/1878-0261.12085. 

[21] H. Li, B.G. Mar, H. Zhang, et al., The EMT regulator ZEB2 is a novel dependency of 
human and murine acute myeloid leukemia, Blood 129 (2017) 497–508, https:// 
doi.org/10.1182/blood-2016-05-714493. 

[22] S.H. Thathia, S. Ferguson, H.E. Gautrey, et al., Epigenetic inactivation of TWIST2 
in acute lymphoblastic leukemia modulates proliferation, cell survival and 
chemosensitivity, Haematologica 97 (2012) 371–378, https://doi.org/10.3324/ 
haematol.2011.049593. 

[23] S.J. Serrano-Gomez, M. Maziveyi, S.K. Alahari, Regulation of epithelial- 
mesenchymal transition through epigenetic and post-translational modifications, 
Mol. Cancer 15 (2016) 18, https://doi.org/10.1186/s12943-016-0502-x. 

[24] K.J. Zhang, D.S. Wang, S.Y. Zhang, et al., The E-cadherin repressor slug and 
progression of human extrahepatic hilar cholangiocarcinoma, J. Exp. Clin. Cancer 
Res. 29 (2010) 88, https://doi.org/10.1186/1756-9966-29-88. 

[25] T.S. Wong, W. Gao, J.Y. Chan, Transcription regulation of E-cadherin by zinc finger 
E-box binding homeobox proteins in solid tumors, BioMed Res. Int. (2014) 921564, 
https://doi.org/10.1155/2014/921564, 2014. 

[26] E. Batlle, E. Sancho, C. Francí, et al., The transcription factor snail is a repressor of 
E-cadherin gene expression in epithelial tumour cells, Nat. Cell Biol. 2 (2000) 
84–89, https://doi.org/10.1038/35000034. 

[27] Y. Lu, Y. Liang, X. Zheng, et al., EVI1 promotes epithelial-to-mesenchymal 
transition, cancer stem cell features and chemo-/radioresistance in nasopharyngeal 
carcinoma, J. Exp. Clin. Cancer Res. 38 (2019) 82, https://doi.org/10.1186/ 
s13046-019-1077-3. 

[28] T.Y. Na, L. Schecterson, A.M. Mendonsa, et al., The functional activity of E- 
cadherin controls tumor cell metastasis at multiple steps, Proc. Natl. Acad. Sci. U.S. 
A. 117 (2020) 5931–5937, https://doi.org/10.1073/pnas.1918167117. 

[29] E.A. Bard-Chapeau, J. Jeyakani, C.H. Kok, et al., Ecotopic viral integration site 1 
(EVI1) regulates multiple cellular processes important for cancer and is a 
synergistic partner for FOS protein in invasive tumors, Proc. Natl. Acad. Sci. U.S.A. 
109 (2012) 2168–2173, https://doi.org/10.1073/pnas.1119229109. 

Q. Li et al.                                                                                                                                                                                                                                        

https://doi.org/10.1016/j.bbrep.2024.101667
https://doi.org/10.1016/j.bbrep.2024.101667
https://doi.org/10.3390/cancers15020458
https://doi.org/10.1002/gcc.23004
https://doi.org/10.1002/gcc.23004
https://doi.org/10.1038/s41375-022-01613-1
https://doi.org/10.1038/s41375-022-01613-1
https://doi.org/10.1038/s41379-020-00663-z
https://doi.org/10.1038/s41379-020-00663-z
https://doi.org/10.1182/bloodadvances.2019000978
https://doi.org/10.1182/bloodadvances.2019000978
https://doi.org/10.7497/j.issn.2095-3941.2013.01.008
https://doi.org/10.7497/j.issn.2095-3941.2013.01.008
https://doi.org/10.1016/j.bbagrm.2017.03.007
https://doi.org/10.1016/j.bbagrm.2017.03.007
https://doi.org/10.1016/s0092-8674(88)91175-0
https://doi.org/10.3892/ol.2018.8890
https://doi.org/10.3892/ol.2018.8890
https://doi.org/10.1038/s41419-017-0036-1
https://doi.org/10.1038/s41419-017-0036-1
https://doi.org/10.1038/nrm3758
https://doi.org/10.1038/nrm3758
https://doi.org/10.1186/s12943-023-01877-w
https://doi.org/10.1186/s12929-018-0440-6
https://doi.org/10.1186/s12929-018-0440-6
https://doi.org/10.1182/blood.2019002548
https://doi.org/10.1038/s41375-019-0566-x
https://doi.org/10.1186/s13045-022-01347-8
https://doi.org/10.1186/s13045-022-01347-8
https://doi.org/10.1038/s41568-020-0263-0
https://doi.org/10.3390/ijms24032555
https://doi.org/10.1042/BSR20211754
https://doi.org/10.1042/BSR20211754
https://doi.org/10.1002/1878-0261.12085
https://doi.org/10.1002/1878-0261.12085
https://doi.org/10.1182/blood-2016-05-714493
https://doi.org/10.1182/blood-2016-05-714493
https://doi.org/10.3324/haematol.2011.049593
https://doi.org/10.3324/haematol.2011.049593
https://doi.org/10.1186/s12943-016-0502-x
https://doi.org/10.1186/1756-9966-29-88
https://doi.org/10.1155/2014/921564
https://doi.org/10.1038/35000034
https://doi.org/10.1186/s13046-019-1077-3
https://doi.org/10.1186/s13046-019-1077-3
https://doi.org/10.1073/pnas.1918167117
https://doi.org/10.1073/pnas.1119229109

	The ETV6-MECOM fusion protein promotes EMT-related properties by repressing the transactivation activity of E-cadherin prom ...
	1 Introduction
	2 Materials and methods
	2.1 Cell culture
	2.2 RNA extraction, quantitative real-time PCR (qPCR), and Western blot analysis
	2.3 Spheroid formation, colony formation, migration and invasion, and cell morphology assays
	2.4 Plasmid construction
	2.5 Transient transfection
	2.6 Luciferase reporter gene activity assay
	2.7 Chromatin immunoprecipitation assay (ChIP)
	2.8 Statistical analysis

	3 Results
	3.1 The ETV6-MECOM fusion protein induced stem cell-like properties and increased invasion in K562 ​cells
	3.2 SNAIL, SLUG, ZEB2, and TWIST2 expression upregulated by the ETV6-MECOM oncoprotein did not induce EMT properties in K56 ...
	3.3 ETV6-MECOM downregulated E-cadherin expression induced EMT-related properties in K562 leukemia cells
	3.4 The ETV6-MECOM oncoprotein repressed E-cadherin transactivation by binding to its DNA sequence −1116TTAAAA−1111

	4 Discussion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgement statement
	Abbreviations:
	Appendix A Supplementary data
	References


