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INTRODUCTION 

The epithelial–mesenchymal transition (EMT) is the 

process of conversion of cells from a differentiated 

epithelial state into a dedifferentiated migratory 

mesenchymal stem cell phenotype, which is crucial for 

regulatory mechanisms in embryogenesis, organ fibrosis  

and   cancer metastasis.
[1,2]

 EMT induction in cancer cells 

results in the acquisition of invasive and metastatic 

properties through EMT-induced formation of CSCs.
[3,4]

 

Therefore, EMT programme is a critical regulator of the 

CSC phenotype. In particular, EMT contributes to 

therapy resistance through EMT-induced formation of 

CSCs.
[5,6]

 The potential for novel EMT therapeutics 

overcoming drug resistance  is increased.
[7-9]

 One of the 

major triggering events for EMT is the activation of 

EMT-transcription factors (TFs), such as Snail, Twist, 

zinc finger E–box binding homeobox  (ZEB) 

famalies.
[10,11]

 Transcription factor Snail is a prominent 

inducer of EMT
[12,13]

 because Snail is a strong direct 

repressor of epithelial E-cadherin expression marker  in 

tumor cells.
[14] 

Snail belongs to the Snail superfamily of 

zing-finger transcription factors considered essential for 

the initial induction of EMT in tumor metastasis.
[15]

 In 

turn, Snail silencing effectively suppresses tumour 

growth and invasiveness.
[16]

 Therefore this places 

transcription factor Snail in a central position in EMT 

process in cancer progression. EMT has received 

increasing attention in hematological malignancies.
[17] 
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BACKGROUND 

Chronic myeloid leukemia (CML) is a clonal hematopoietic stem cell disorder associated with the activity of BCR-

ABL fusion oncogene due to the reciprocal translocation t(9;22)(q34;q11). The persistence of leukemic stem cells 

(LSCs) remains a major obstacle to cure CML. Epithelial mesenchymal transition (EMT) mechanism is known to 

contribute to LSC tumor progression. Although EMT has been studied in relation to epithelium-derived tumors, 

there is increasing evidence implicating the involvement of EMT activators in hematopoietic malignancies. The 

expression of some EMT modulators has been demonstrated in Ph+ leukemia cells. EMT-inducer Snai1 has the 

most important role is in maintaining stemness properties in tumor progression. Nevertheless, the role of Snai1 in 

hematopoiesis and leukemia remains obscure. Earlier, we revealed that alpha-tocopherol might be an effective 

inducer of mRNA CEBP alpha in CML blast crisis K562 cells in vitro (Shvachko L.P., et al., 2018). The aim: of 

present study is to determine the relationship between Snai1-EMT suppression and restored CEBP alpha myeloid 

differentiation potential in CML cells induced by vitamin E (alpha-tocopherol). Materials and Methods: K562 

cells were exposed to alpha-tocopherol (100 µM) or metformin (4 mM) for 48 h. RNA was extracted and converted 

to cDNA; RT-PCR reactions were carried out according to SYBR Green protocol detection using HotStarTaq DNA 

polymerase with primers for Snai1 and C/EBPalpha genes. The gene expression was quantified using 2-ΔCt 

method with normalization to mRNA expression of GAPDH gene. Results: We have found highly detectable 

Snai1 mRNA expression and down-regulated CEBP alpha in K562 cells. Vitamin E, alpha-tocopherol, targeted 

suppressed Snail mRNA expression. Such suppression of Snail inversely is correlated with restored CEBP alpha 

mRNA expression by vitamin E and enhanced by metformin pointing to the possible synergistic effect with vitamin 

E effect. Conclusion: We observed that several modulators of gene expression affect Snail1 and CEBP alpha 

mRNA expression in K562 cells in different directions. In particular, vitamin E (alpha-tocopherol) down-regulates 

Snail1 and up-regulates CEBP alpha. One could suggest the causal relationship between Snai1 suppression and 

restoration of CEBP alpha expression that seems to contribute to recover myeloid differentiation potential of CML 

blast cells.   From one side, this study have suggested that  Snai1 EMT-inducer contribute to pathogenesis of CML 

blast crisis.  On the other hand we revealed that vitamin E can restore normal HSC myelopoietic function during 

SNAIL repression. Therefore, we have proposed that vitamin E  - alpha-tocopherol can be used in anti-EMT 

stemnes therapy for clinical CML blast crisis progression with LSC phenotype which recently poor resolving.    
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in solid tumors, EMT-TFs are also implicated in cancer 

proliferation, stemness, anti-apoptosis and drug 

resistance in hematological malignancies. The evidence 

shows that EMT-TFs are related to chemotherapy and 

radiotherapy resistance in both myeloid and lymphoid 

malignancies.
[18]

 These findings make EMT-TFs 

potential targets for combination with conventional 

treatments. For example, the Snail  may control self-

renewal, anti-apoptosis and treatment resistance in 

leukemia, which makes Snail transcription factor a 

potential target for leukemia treatment.
[19,20]

 

Accumulated evidences by Carmichael C.L., et al, 

(2016), confirm the importance of Snail EMT-inducer in 

AML development and pathogenesis.
[20]

 In this report 

transgenic Snail1 expression induces myeloid leukaemia 

in mice,
[3]

 and human AML cells show increased Snail 1 

expression compared to haematopoietic stem and 

progenitor cells (HSPCs).
[20] 

Taken together, regulation 

of the epithelial to mesenchymal transition (EMT) is an 

emerging theme in chronic myeloid leukemia (CML) 

biology and novel strategies in its therapies. Chronic 

myeloid leukemia (CML) is a clonal hematopoietic stem 

cell (HSC) disorder associated with the activity of BCR-

ABL fusion oncogene due to the reciprocal translocation 

t(9;22)(q34;q11) that is characterized by an increased 

growth of abnormal undifferentiated myeloid progenitor 

cells within the bone marrow.
[21, 22]

 Leukemia stem cells 

(LSCs) are the root of chronic myeloid leukemia.
[23,24]

 

Recently, imatinib, an inhibitor of BCR-ABL, has 

emerged as the leading compound to treat CML patients  

but despite encouraging clinical results, resistance to 

imatinib represents a major drawback for therapy.
[25] 

It is 

reffered that imatinib triggers epithelial-mesenchymal 

transition (EMT)-like phenotype as Mesenchymal-Like 

Conversion of CML Cells  with Leukemic stem cells 

(LSCs) phenotype resulting in imatinib resistance and 

folowing increased aggressiveness.
[26]

 CML LSCs  do 

not depend on BCR-ABL signaling for their survival 

[27], and their persistence remains a major obstacle to 

curing CML. Indeed, leukemia stem cells (LSCs) are 

considered responsible for leukemia initiation, relapse 

and resistance to chemotherapy.
[28, 29]

 If LSCS are the 

root of chronic myeloid leukemia (CML)
[24]

 then EMT 

inducing LSCs formation is reason root of CML. 

Therefore, EMT-induced LSC formation is an emerging 

axis of evil in the war on leukemia. Earlier we also 

suggested the overexpression EMT-inducers Snail1, 

Twist1 and N-cadherin in patients with CML and AML 

myeloid  malignancies which associated with leukemic 

stem cell (LSC) phenotype.
[30]

 Moreover, earlier we 

observed the differentiation-like potential of vitamin E in 

exposured CML blast crisis K562 cells  through vitamin 

E-dependent reactivation of CEBP alpha master 

regulator of myelopoiesis/granulopoiesis.
[31]

 Since the 

pivotal hallmark of  BCR-ABL – positive leukemias as 

CML is blockage of myeloid differentiation
[19]

 we have 

aimed in this study to investigate the relationship 

between targeting  Snail transcription factor as  muster 

EMT-inducer  and restoring CEBP alpha transcription 

factor as muster regulator of myeloid differentiation  in 

blast crisis CML where undifferentiated myeloid 

progenitors are  candidate leukemic stem cells (LSCs) in 

uncontrolled accumulation of  stem-like blasts losing 

CEBP alpha.
[32]

  C/EBPα is a critical regulator of 

myeloid cell development directing granulocyte and 

monocyte differentiation.
[33,34]

 The level of C/EBPα 

expression was significantly declined in CML 

patients.
[35]

 The loss of C/EBPα transcription factor 

expression or function may contribute to the 

differentiation block, enhanced proliferation, and 

development of acute myeloid leukemia (AML).
[36,37]

 

Therefore, C/EBPα deregulation is declared as a 

paradigm for leukemogenesis.
[37]

 In turn,  restoration of 

C/EBP alpha expression in a BCR- BL+  Cell line 

induces terminal granulocytic differentiation.
[38]

 

Therefore, C/EBPα may be considered as a putative 

target in differentiation therapies in myeloid 

leukemias.
[31,38]

 Our present study focused on the causal 

binding between EMT inhibition and consequently 

restored myeloid differentiation potential in  CML blast 

crisis leukemic K562 cells. To achieve this goal we have 

aimed to study the modulation potential of vitamin E in 

the relationship between Snail EMT–inducer and CEBP 

alpha myeloid muster regulator  in CML blast crisis 

K562 leukemic cells in vitro investigation. We use 

vitamin E as modulator in this study based on the our 

previous results on vitamin E role
[31]

 and also taking into 

account  the important report by Nieborowska-Skorska et 

al. (2013) demonstrating that vitamin E prevents 

accumulation of imatinib-resistant BCR-ABL1 kinase 

mutations in CML.
[39]

 Metformin as emerging anti-

cancer drug in particular  with anti-EMT effects.
[40,41]

 we 

used to compare with the effects of vitamin E in our 

study. 

 

MATERIALS AND METHODS 
CML blast crisis K562 leukemic cell line was used. 

K562 cell line originated from a CML patient in blast 

crisis phase was obtained from Depository of Cell Lines 

and Tumor Strains of the R.E. Kavetsky Institute 

of Experimental Pathology, Oncology and Radiobiology, 

the National Academy of Sciences of Ukraine. The cells 

were grown in suspension in RPMI-1640 medium 

supplemented with 10% of fetal calf serum. Vitamin E 

(alpha-tocopherol,Technolog, Ltd., Ukraine) was added 

to culture medium in a final concentration of 100 µM. 

Total RNA was extracted using TRIzol (Invitrogen, 

USA) according to the manufacturer’s instructions. RNA 

was converted to cDNA using QuantiTect Reverse 

Transcription Kit (Qiagen, Germany). Real-time reverse 

transcription polymerase chain reaction (RT-PCR) was 

performed using SYBR Green protocol. RT-PCR 

reactions were carried out using HotStarTaq DNA 

polymerase (Qiagen, Germany), 50 ng of cDNA and 

SYBR Green in a 1:60,000 dilution in triplicate. PCR 

conditions were as follows: 95 °C initial activation for 

15 min was followed by 45 cycles of 95 °C for 15 s, 

60 °C for 15 s, and 72 °C for 30 s on iQ5 Real-time PCR 

Detection System (Bio-Rad, USA). We performed the  

real time RT-PCR  for mRNA expression of transcription 



www.ejpmr.com          │         Vol 7, Issue 12, 2020.          │         ISO 9001:2015 Certified Journal         │ 

Shvachko.                                                                       European Journal of Pharmaceutical and Medical Research  

164 

factors Snail  and CEBP alpha in  the blast crisis CML 

leukemic cell line K562 without and under exposure by 

vitamin E (100mkM)  and metformin (4mM) along 48h. 

RNA extracted from K562 cells whithout and cultured 

with vitamin E or metformin was converted to cDNA, 

RT-PCR reactions were carried out with SYBR Green 

protocol detection using HotStarTaq DNA polymerase 

with primers for Snail gene as forvord: 5′-

CAGACCCACTCAGATGTCAA-3′;  reverse: 5′-

CATAGTTAGTCACACCTCGT-3′; and C/EBP alpha 

gene as forvord:5´-CAAGAACAGCAACGAGTACCG-

3´; reverse: 5´-GTCACTGGTCAACTCCAGCAC-3´; 

GAPDH gene as refferent: forward — 5´- 

CGCTCTCTGCTCCTCCTGTT-3´; reverse — 5´-

CCATGGTGTCTGAGCGATGT-3´. The gene 

expression was quantified using 2
-ΔCt

 method [42   ] with 

normalization to mRNA expression of GAPDH. 

Statistical significance of differences for 3 independent 

studies (n = 3 was evaluated by Student’s t-test. 

 

RESULTS AND DISCUSSION 

Transcription factor CEBP alpha muster regulator of 

myelopoiesis/granulopoiesis  is repressed in Bcr-Abl+ 

CML progression.
[34-37]

 However the mechanisms 

underlying this down-regulation of CEBP alpha 

myelopoiesis muster regulator remain in general 

unknown. In the present study we point the reverse 

relationship mechanism between EMT phenotype and 

myeloid  muster regulator C/EBPα in CML blast crisis 

progression in K562 cells.  We have revealed the tightly 

reverse relationship between  transcription factor Snail  

as initial EMT-inducer and transcription factor CEBP 

alpha as muster regulator of myelopoiesis in CML blast 

crisis leukemic K562 cells was investigated.  In that 

suggestion we have found highly detectable Snail1 

mRNA overexpression and down-regulated CEBP alpha 

mRNA expression in K562 cells by real time RT-PCR 

(Fig. 1, Fig. 2).  Earlier our data suggest that vitamin E is 

able to restore the expression of C/EBPα mRNA in CML 

blast crisis K562 cells.
[31]

 It should be further elucidated 

whether such effects of vitamin E on myeloid 

transcription factor C/EBPα are direct or mediated 

indirectly due to the anti-EMT effects of vitamin E in 

CML blast crisis K562. In the present study  we  

observed the modulation effects of vitamin E (alpha-

tocopherol) on repression of EMT-inducer Snail 

transcription factor  that  consequently restored myeloid 

transcription factor CEBP alpha in CML blast crisis 

K562 cells exposured by vitamin E (100 µM) for 48 h 

(Fig. 1, Fig. 2).  Metformin  exposured in K562 (40 mM) 

for 48 h was less effective  than vitamin E in targeted 

Snail mRNA inhibition but together with vitamin E 

observed slightly increased effect vitamin E on CEBP 

alpha mRNA expression  pointing to the possible 

synergistic effect (Fig. 2, Table 2).  Metformin known 

emerging anti-cancer drug in particular with anti-EMT 

effect,
[40,41]

 was used to comparisson with vitamin E 

effects in our study. On the data obtained we revealed 

that vitamin E was indeed more effective modulator of 

down-regulation of EMT-inducer Snail and up-regulation 

of myeloid muster regulator CEBP alpha then metformin.  

Taken together, we first shown that  vitamin E, alpha-

tocopherol, suppressed EMT-Snail mRNA expression 

and such suppression of Snail inversely is correlated with 

restored CEBP alpha mRNA expression in CML blast 

crisis K562 leukemic cells. The results from qRT-PCR 

showing the relative levels of mRNA Snail EMT-inducer 

expression in CML blast crisis K562 cells and in K562 

cells exposured in vitro by vitamin E upon 100 µM for 

48 h are presented at the Fig. 1, Table 1. Also, the results 

from qRT-PCR showing the relative levels of mRNA 

CEBP alpha myeloid transcription factor expression in 

CML blast crisis K562 leukemic cells and in K562 cells 

exposured in vitro by vitamin E upon 100 µM for 48 h as 

are presented at Fig. 2 and Table 2.  Data represented as 

mean ± SD of three independent experiments ( n=3). To 

quantify the obtained data, the comparative Ct method 

was used.
[42]

 P-values were calculated by Student t-test 

as P<0,001 for vitamin E (100 mkM) effects  and P<0,05 

for metformin (4 mM) effects exposure in CML blast 

crisis K562 leukemic cells in vitro , relatively (Table 3, 

Table 4). 

 

 
Figure 1. Relative mRNA expression level of 

transcription factor SNAIL as initial EMT-inducer in 

CML blast crisis K562 cells and its exposure by 

vitamin E (100 µM) and metformin (4mM) for 48 

houers, calculated by 2- (∆Ct) method. 1 - Control 

K562; 2 - K562 + Vitamin E; 3- K562 + Metformin; 

 

As see at Fig. 1, the overexpression of transcription 

factor SNAIL occurs in CML blast crisis K562 cells, 

suggesting EMT phenotype (1). The treatment CML 

blast crisis K562 cells by vitamin E (100 µM) drastic 

reduces Snail EMT-inducer expression on the mRNA 

level as was study by real-time RT-PCR (2). Metformin 

was less efficient than vitamin E during Snail EMT-

inducer repression (3). In percentage, the relative level of 

mRNA expression of the EMT-inducer Snail gene in 

control K562 cells (1) is 100% whereas under vitamin E 

exposure (2) is 15,32% (p<0.001) that is  corresponded 

to the percentage reduction on 84,68%, while under 
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metformin exposure (3) is 68,08% (p<0.05) that is 

corresponded  to the percentage reduction only on 

31,92%, respectively. Taken together, we have revealed 

that vitamin E is significantly more effective Snail-EMT 

repressor than metformin in the progression of CML 

blast crisis leukemic cell line K562. 

 

Table 1. The Fold-decreasing of relative levels of  the transcription factor Snail mRNA expression  in the CML 

blast crisis leukemic K562 cells exposured by vitamin E (100 μm) compared with metformin (4 mM) for 48 h 

cultured, calculated by 2- (∆∆Ct) method. 

N    

n=3 
Fold    decreasing 

Standard 

derivation,  σ 
Fold decreasing 

Standard 

derivation, σ 

 
Vitamin E/ Snail  

M±m 
 

Metformin / Snail  

M±m 
 

1 14,160 ± 0,437 0,408 1,579 ± 0,110 0,086 

2 13,176± 0,547  1,366 ± 0,103  

3 13,833 ±0,110  1,464 ± 0,005  

Note: σ = √1/n ∑(xi — x¯)² 

From the analysis of the Table 1, according to the results 

of three independent studies (n = 3), we have detected 

the effect of vitamin E as specific to the repression of 

EMT phenotype through down-regulation of initial 

EMT-inducer transcription factor SNAIL in K562 CML 

blast crisis leukemic K562 cells. This is corresponded to  

±SD value of 13,72 (p<0.05) fold-decreasing the 

expression of EMT-inducer Snail  by vitamin E, in 

contrast to  ±SD value 1,47 (p<0.05 ) fold-decreasing by 

metformin, respectively. It was recognised higher Snail 

inhibition effect by vitamin E compared with metformin 

on 9, 33 fold. Taken together, we have revealed that 

vitamin E is significantly more effective than metformin 

in Snail-EMT repression in the CML blast crisis 

leukemic cell line K562. 

 

 
Figure 2. Relative mRNA expression level of transcription factor CEBPα as muster regulator myelopoiesis in 

CML blast crisis K562 cells and K562 cells exposured by vitamin E (100 µM) and metformin (4mM) for 48 

houers, calculated by 2- (∆Ct) method. Control: K562; Vitamin E: K562 + vitamin E; Vitamin E+Metformin: 

K562 + vitamin E+ metformin; Metformin: K562 + metformin; 
 

As see at Fig. 2, Control, the CEBPα myelopoietic 

muster regulator is crucial repressed in CML blast crisis 

K562 cells (±SD value 0,582), directly confirming its 

reverse dependence on Snail EMT-inducer 

overexpression in K562 cells (see Fig. 1, Control). The 

treatment CML blast crisis K562 cells by vitamin E (100 

µM) for 48 h significant restores CEBPα mRNA 

expression in K562 cells  ((±SD value 2,809, p<0.001) as 

was study by real-time RT-PCR . Metformin (4 mM) 

exposured K562 cells  for 48 h was less efficient than 

vitamin E during CEBPα myelopoietic muster regulator  

re-expression in K562 cells (±SD value 1,652, p<0.01) 

whereas together with vitamin E treated K562 cells 

metformin observed a possible synergistic effect on 

vitamin E-dependent  CEBP alpha gene expression 

induced potential in CML blast crisis K562 leukemic 

cells ((±SD value 3,191, p<0.001). Taken together, we 

have revealed that vitamin E is more effective in restored 

expression of CEBP alpha myeloid muster regulator in 

CML blast crisis K562cells then metformin.
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Table 2. The Fold-increasing of relative levels of  the transcription factor  CEBP alpha mRNA expression  in the 

CML blast crisis leukemic K562 cells exposured by vitamin E (100 μM) compared with metformin (4 mM) for 

48 hours cultured, calculated by 2- (∆∆Ct) method. 

N 

n=3 

Fold    

increasing 

Standard 

derivation,  σ 
Fold increasing 

Standard 

derivation, σ 

Fold 

increasing 

Standard 
derivation, σ 

 
Vitamin E/ 

Snail  M±m 
 

Vitamin E+ 

Metformin M±m 
 

Metformin 

M±m 
 

1 5,156 ± 0,328 0,232 5,564 ± 0,075 0,371 2,841±0,007 0,272 

2 4,634± 0,194  5,00  ± 0,489  3,164±0,330  

3 4,696±0,132  5,902± 0,413  2,498± 0,336  

Note: σ = √1/n ∑(xi — x¯)² 

 

From the analysis of the Table 2, according to the results 

of three independent studies (n = 3), we also have 

suggested the detectable effect of vitamin E as specific to 

restorere the myeloid differentiation potential through 

up-regulation of myeloid muster regulator CEBPα 

mRNA expression in CML blast crisis leukemic K562 

cells. This is corresponded to±SD value of 4,83 

(p<0.001) fold-increasing the expression of CEBP alpha 

by vitamin E, in contrast to  ±SD value 2,84 (p<0.001 ) 

fold-increasing by metformin, respectively. It was 

recognised higher CEBPα activation effect by vitamin E 

compared with metformin on 1, 70 fold-increasing. 

Taken together, we have revealed that vitamin E is more 

effective than metformin in restored CEBP alpha 

myelopoietic potential in the blast crisis CML cell line 

K562. Nevertheless, together with vitamin E exposure in 

K562 cells  metformin showed little synergistic effect as  

±SD value 5,49 (p<0.001) fold-increasing  of CEBPα 

mRNA expression by metformin versus ±SD value 4,83 

(p<0.001 ) fold-increasing  of CEBPα mRNA expression 

by vitamin E itself.  

 

The Table 3 and Table 4 are presented the Statistical 

significance of differences for three independent studies 

(n = 3) that was evaluated by Student’s t-test for 

transcription factors Snail EMT-inducer and CEBP alpha 

myelopoietic master regulator investigation in CML blast 

crisis leukemic cell line K562 and modulated by vitamin 

E in comparison with metformin. 

 

Table 3: The statistical significance (Student t-test) of Snail mRNA expression inhibition by vitamin E (100 µM) 

and metformin (4 mM) in culture K562 blast crisis of chronic myeloid leukemia (CML). Values of  SYBR Green 

fluorescence optical density in qRT-PCR assay). 

N n=3 Control Vitamin E t P Metformin t P 
 M±m M±m   M±m   

1 55,525 ±6,608 3,799 ±0,282 10,38 <0.001 35,158± 1,946 3,425 < 0,05 

2 44,194 ±4,725 3,354 ±0,163   32,352± 0,86   

3 47,039 ±1,88 3,400 ±0,117   32,128 ± 1,084   

 M1 = 48,919 M2 = 3,517   M3 = 33,212   

 m1 =  4,404 m2 = 0,187   m3 = 1,296   

Note:    t  =   M1 –M2                                   df = (n1 + n2) -2 

                  √m1² + m2² 

 

Table 4: The statistical significance (Student t-test) of CEBP alpha mRNA expression increasing by vitamin E 

(100 µM) and metformin (4 mM) in culture K562 blast crisis of chronic myeloid leukemia (CML). Values of 

SYBR Green fluorescence optical density in qRT-PCR assay. 

N 

n=3 
Control Vitamin E 

Vitamin 

E+Metformin              
Metformin 

 M±m M±m M±m M±m 
1 0,574±0,008 2,960±0,151                    3,194±0,003 1,631±0,02   

2 0,596±0,014                2,762±0,047                     2,980±0,211                      1,886±0,234   

3 0,576±0,006                2,705±0,104                     3,400±0,209                      1,439±0,213 

 M1=0,582                 M2=2,809                         M3=3,191                          M4=1,652 

 m1=0,0093                m2=0,101                         m3=0,141                           m4=0,0243 

  t=20,06                              t=16,204                             t=5,944 

  P<0,001                             P<0,001                              P<0,01 

  Note:      t  =   M1 –M2                                   df = (n1 + n2) -2 

                      √m1² + m2² 

 

Taken together on the data obtained we observed that 

Snail1overexpression suggests the EMT phenotype in 

CML blast crisis progression and thereby contributes in 

CML pathogenesis. Also, we have suggested down-
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regulation CEBP alpha transcription factor master 

regulator of myelopoiesis in CML blat crisis K562 cells 

as crucial event of Snail EMT-inducer phenotype.  Our 

findings are consistent with the recent report by 

Lourenço A.N.,  et al. (2020) who suggest that C/EBP α 

is crucial determinant of epithelial maintenance by 

preventing epithelial-to-mesenchymal transition 

(EMT).
[43]

 These authors stressed that C/EBP 

transcription factors play a pivotal role during terminal 

differentiation also of a variety of cells types and 

decreased levels of C/EBPα have been found also in 

diferent types of solid tumors.
[43]

 Indeed, we have 

founded that CEBP alpha muster myeloid differentiation 

factor is repressed by overexpression of EMT-inducer 

Snail in CML blast crisis K562 cells. Consequently, re-

activation of CEBP alpha reverse dependents from 

targeted suppression of Snail EMT-inducer as we 

detected by vitamin E effects in K562 cells in vitro. Our 

findings deepened the function of vitamin E and 

determined its anti-EMT role in CML blast crisis 

progression. Indeed, we observed that vitamin E was 

effective modulator of down-regulation of transcription 

factor Snail EMT-inducer and up-regulation of 

myelopoietic transcription factor CEBP alpha as result of 

vitamin E-dependent EMT repression in K562 cells. We 

concluded that vitamin E can be used as potential natural 

modulator of emerging EMT therapeutics in CML 

progression and restored the key CEBP alpha myeloid 

differentiation potential in imatinib-resistace CML 

leukemic cells taking into account the report by Kagita et 

al. (2015) demonstrating correlation of C/EBPα 

expression with response and resistance to imatinib in 

CML.
[44] 

 

CONCLUSION 

Our results extend the role vitamin E beyond only 

differentiation-like factor in CEBP alpha induction in 

CML blast crisis K562 cells as we earlier elucidated.
[31]

 

The present results establish vitamin E role as novel 

regulator EMT suppression in CML blast crisis K562 

cells and stressed reverse relationship between these both 

events. EMT-inducer Snail overexpression reverts  

myeloid CEBP alpha muster regulator expression in 

CML blast crisis K562 cells whereas vitamin E-

dependent Snail1 supression returns CEBP alpha 

expression as we studied on the level of mRNA 

expression, respectively. 

 

Conclusive key Points 
1. These results  confirm the importance of Snai1 

EMT-inducer overexpression and repression of 

myeloid muster regulator CEBP alpha  in CML blast 

crisis  pathogenesios. 

2. The present findings observed the tightly reverse 

relationship between  transcription factor Snail as 

initial EMT-inducer and transcription factor CEBP 

alpha as myeloid muster regulator of normal 

hematopoietic stem cells (HSCs) in CML blast crisis 

leukemic K562 cells.  

3. It first was revealed that vitamin E is effective 

modulator of down-regulation of EMT transcription 

factor Snail and up-regulation of myeloid 

differentiation transcription factor CEBP alpha in 

CML blast crisis K562 cells exposured.   

4. Data obtained suggest that C/EBPα induction can 

function as suppressor CML blast crisis progression 

in K562 cells through vitamin E-dependent EMT- 

repression mechanism.  

5. Conclusively, the vitamin E modulation role true 

argued causal relationship between EMT stemnes 

suppression and restored CEBP alpha myeloid 

differentiation potential in CML blast crisis cells. 

6. The vitamin E action was more efficancy then 

metformin in both Snail-EMT repression and re-

activation CEBP alpha in CML blast crisis K562 

cells relatively exposured.  

7. It is proposed that vitamin E (alpha-tocopherol) may 

be natural modulator EMT in LSC phenotype 

reprogramming in biotherapies of CML.  
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