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ALPHA-TOCOPHEROL AND G-CSF CHANGE
EXPRESSION OF GENES ASSOCIATED WITH
DIFFERENTIATION OF K562 CHRONIC

MYELOID LEUKEMIA CELLS DOWNREGULATING
EMT-ASSOCIATED STEMNESS BIOMARKERS

Background. Chronic myeloid leukemia (CML) is a clonal myeloproliferative disorder characterized by a block of myeloid
differentiation, finally resulting in the uncontrolled expansion of CML stem cells in a phase of blast crisis of the disease.
Tyrosine kinase inhibitors (TKI) are effective in delaying CML progression for a long time. Nevertheless, CML cells become
resistant to TKI over time. Therefore, the search for alternative and complementary therapies, including differentiation
therapy, is currently in the limelight. The aim of the study was to explore the differentiation potential of alpha-tocopherol
and granulocyte-colony stimulating factor (G-CSF) by analyzing the gene expression of several factors critical for myeloid
differentiation of K562 CML cells, as well as some key leukemic stemness transcription factors. Materials and Methods.
The mRNA expression of C/EBPa (CCAAT/enhancer binding protein alpha), neutrophil-granulocytic factor TNAP (tis-
sue non-specific alkaline phosphatase), E-cadherin, SNAIL, OCT4, and PLAP (placental-like alkaline phosphatase) was
studied by qRT-PCR in K562 cells exposed to alpha-tocopherol or G-CSE. Results. K562 cell exposure to alpha-tocopherol
or G-CSF resulted in the CEBPB, CDH1, and ALPL gene upregulation. At the same time, down-regulation of EMT-asso-
ciated markers SNAIL, PLAP, and OCT4 (SNAII, ALPB, and POU5FI genes) was demonstrated. Conclusion. The inverse
relationship between expression of the genes of leukemic stemness cell markers SNAIL, OCT4, and PLAP and the genes
of myeloid differentiation markers C/EBPa,, TNAP, and E-cadherin in K562 cells exposed to alpha-tocopherol or G-CSF
suggests the activation of the molecular pattern of myeloid differentiation in this setting.
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Chronic myeloid leukemia (CML) is a clonal, hema- | ing in a fusion of the Abelson oncogene (ABL) lo-
topoietic stem cell (HSC) disorder characterized by | cated on chromosome 9q34 with the breakpoint
a reciprocal translocation (t(9;22)(q34;q11) result- | cluster region (BCR) on chromosome 22q11.2 [1].
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The BCR-ABLI oncogene, product of the Philadel-
phia chromosome (Ph1) translocation, is the hall-
mark of chronic myelogenous leukemia (CML) [2,
3]. A fusion p210 BCR-ABL1 tyrosine kinase is an
oncoprotein playing a pivotal role in CML pathol-
ogy, diagnosis, and treatment as confirmed by the
success of tyrosine kinase inhibitor (TKI) thera-
py [4, 5]. Imatinib, a BCR-ABL inhibitor, has
emerged as the lead compound of the frontline ther-
apy of CML [6, 7]. Meanwhile, despite advances in
the development of more potent TKI, there are sev-
eral factors leading to acquired therapy resistance,
relapse, and finally — disease progression [8]. The
maintenance of CML leukemic cell cells (LSCs) in
patients who are resistant to TKI therapy indicates
the existence of some mechanisms involved in the
development of the resistance to therapy that are
not completely dependent on BCR-ABL activi-
ty [9—12]. Therefore, the search for alternative and
complementary therapies, including differentiation
therapy, is currently in the limelight.

Over the past years, the inadequacy of many
CML therapies has been shown to result from their
failure to target LSCs. The control over the diffe-
rentiation of CML LSCs may represent a possible
therapeutic approach [13, 14].

The major molecular trigger of myelopoiesis is
the myeloid master regulator transcription factor
CCAAT/enhancer binding protein alpha (C/
EBPa), which couples lineage commitment to the
terminal neutrophil granulocytic differentiation
and cell cycle arrest [15, 16]. However, immature
CML blast cells lose their differentiation potential,
acquiring an uncontrolled proliferation. The pro-
gression of CML to blast crisis is mainly correlated
with down-regulation of C/EBPa [17]. In turn, the
restoration of C/EBPa expression in the BCR-
ABL+ cell line induces terminal granulocytic dif-
ferentiation [18]. In CML, BCR-ABL protein inhib-
its C/EBPa translation via upregulation of
poly(rC)-binding protein hnRNP-E2, and TKIs re-
store C/EBPa activity, facilitating granulocyte dif-
ferentiation [19]. Therefore, C/EBPa may be sug-
gested as a putative target in differentiation thera-
pies of myeloid leukemias.

Earlier, we have demonstrated the ability of al-
pha-tocopherol to induce the restoration of C/
EBPa expression, resulting in C/EBPa.-mediated
expression of the gene of G-CSF receptor (CSF3R)
in the K562 CML cell line [20]. Meanwhile, G-CSF-
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R is expressed not only on such myeloid cells as
neutrophils but also on HSCs and progenitor
cells [21]. Taken together, these facts suggest a
functional interrelationship between C/EBPa, G-
CSF-R, and G-CSF [22, 23]. In fact, G-CSF is used
in clinical practice for the mobilization of HSCs
and progenitor cells in the setting of allogenic bone
marrow transplantation [24].

Accumulating evidence shows the central role of
G-CSF in the development of HSC progenitors in
the common myeloid pathway in terminal neutro-
phil granulopoiesis [25]. Nevertheless, the possible
involvement of G-CSF in the differentiation of CML
blast cells has not yet been studied in detail. The loss
of G-CSF and G-CSFR is a characteristic feature as-
sociated with the arrested differentiation of CML
blast cells. G-CSF is currently used in CML patients,
improving the responsiveness to TKI therapy. It is
known that normal myelopoiesis in bone marrow is
supported by G-CSF constitutively produced by
bone-forming osteoblasts [26—28]. Meanwhile, tis-
sue non-specific (liver/bone/kidney) alkaline phos-
phatase (TNAP), representing an osteogenic differ-
entiation regulator of the osteoblasts, seems to be
important in supporting the HSC niche in bone
marrow [29]. G-CSF and TNAP can be suggested as
mutually dependent markers of HSC differentiation.
Moreover, TNAP encoded by the ALPL gene is de-
tectable in the differentiated neutrophils and mono-
cytes and induced by G-CSF treatment [30].

Previously, we have shown that in K562 CML
cells, the ALPL gene was not expressed, while the
expression of the aberrant isoform of alkaline phos-
phatase, namely leukemic stem cell-associated pla-
cental-like alkaline phosphatase (PLAP), was ob-
served [31]. This aberrant isoform of alkaline phos-
phatase is considered potentially useful as a
tumor-associated marker [32, 33]. Moreover, by
our data, alpha-tocopherol is effective in restoring
expression of C/EBPa and TNAP in K562 cells,
both being tightly associated with possible reactiva-
tion of myeloid differentiation potential [31].

The aim of the present study was to further ex-
plore the differentiation potential of alpha-tocoph-
erol and G-CSF by analyzing the expression of
CEBPB and ALPL genes encoding for the factors
critical for myeloid differentiation versus the ex-
pression of the genes encoding leukemic stemness-
associated transcription factors SNAIL and OCT4
in K562 CML cells.
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Materials and Methods

The K562 cell line, originated from a CML patient
in blast crisis, was obtained from the Bank of Cell
Lines from Human and Animal Tissues of the R.E.
Kavetsky Institute of Experimental Pathology, On-
cology and Radiobiology, the NAS of Ukraine.
K562 cells were grown in suspension in RPMI-
1640 medium supplemented with 10% fetal calf se-
rum. The cells were cultured at 37 °C in an atmo-
sphere of 5% CO,.

The cells were treated either with alpha-tocoph-
erol acetate at a dose of 100 uM (300 mg/mL stock

Primers used in the study

erol and G-CSF treatments

solution; Lekchim, Ukraine) or G-CSF (Filstim, Bio-
farma, Ukraine) at a dose of 1 ug/mL (10,000 IU).
These optimal concentrations of both agents were
determined in a preliminary set of experiments.

To dissolve the lipid-soluble alpha-tocopherol
acetate, 30 uL of a stock solution of alpha-tocoph-
erol was mixed with 10 uL DMSO with gently stir-
ring, and 1 mL of water was added. This solution
was further diluted 1:100 with culture medium.
The cells were cultured with alpha-tocopherol ac-
etate or G-CSF for 72 h.

Total RNA was extracted using TRIzol (Invitro-
gen, USA) according to the manufacturer’s in-

Gene Forward primer Reverse primer
ALPL 5-TGGCCGGAAATACATGTACCC-3' 5-TTCCGTGCGGTTCCAGATG-3'
ALPP 5-AAGGGCAGAAGAAGGACAAA 5-GTCGTGTTGCACTGGTTAAAG
CEBPB 5'- CAA GAA CAG CAA CGA GTA CCG-3' 5'- GTC ACT GGT CAA CTC CAG CAC-3'
CDH1 5-TGCCCAGAAAATGAAAAAGG-3' 5'-GTGTATGTGGCAATGCGTTC-3'
SNAII 5'-CAGACCCACTCAGATGTCAA-3' 5'-CATAGTTAGTCACACCTCGT-3'
POUS5F1 5'-GCACTGTACTCCTCGGTCCCTTTCCC-3" | 5'-CTTCCCTCCAACCAGTTGCCCCAAAC-3’
GAPDH 5'- CGCTCTCTGCTCCTCCTGTT-3' 5'- CCATGGTGTCTGAGCGATGT-3'
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structions. RNA was converted to cDNA using
Qiagen’s QuantiTect Rev. Transcription Kit (Qia-
gen, Germany). A real-time RT-PCR was per-
formed using the SYBR Green protocol. The reac-
tion mixture contained HotStarTaq DNA poly-
merase (Qiagen), 50 ng of cDNA, and SYBR
Green at a 1:60,000 dilution. PCR conditions
were: a 95 °C initial activation for 15 min was fol-
lowed by 45 cycles of 95 °C for 15 s, 60 °C for 155,
and 72 °C for 30 s. The real-time RT-PCR was
performed on a Bio-Rad Real-time RT-PCR De-
tection System IQ5 (USA). All the experiments
were conducted in triplicate.

The primers used for the study (Table) were
searched and designed by the Blast program (https://
www.ncbi.nlm.nih.gov/tools/primer-blast/) and
synthesized at the Institute of Molecular Biology
and Genetics of the NAS of Ukraine.

The gene expression was quantified using the
2A-Ct method with normalization to GAPDH
mRNA expression. The statistical significance of
differences was evaluated by Student’s t-test at the
significance levels of p < 0.05 or p < 0.01.
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G-CSF treatments
Results and Discussion

First, we studied the effects of alpha-tocopherol and
G-CSF on the expression of CEBPB, ALPL, and
CDHI1 genes in K562 cells treated for 72 h (Fig. 1, a).
Both agents upregulated CEBPB expression, but al-
pha-tocopherol caused 2.54 times higher upregula-
tion of the gene compared to G-CSE. Both alpha-
tocopherol and G-CSF upregulated ALPL expres-
sion at the same extent (Fig. 1, b). Coincidently
with the expression of factors affecting differentia-
tion of myeloid cells, we observed a significant in-
crease in the expression of the CDH1 gene (E-cad-
herin) in K562 cells treated with alpha-tocopherol
or G-CSF (Fig. 1, ¢).

It is recognized that down-regulation of E-cad-
herin expression detected in various carcinomas
correlates with the invasive-metastatic pheno-
type [34]. Although E-cadherin is not associated
directly with differentiation of myeloid cells, the
treatment of the K562 cells with such a differentiat-
ing agent as phorbol ether results in increasing ex-
pression of E-cadherin [35]. Moreover, E-cadherin
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is expressed on normal erythroid precursors and
megakaryocytes but not on other hematopoietic
marrow elements, while erythroleukemia cells lack
E-cadherin expression [36].

The upregulation of the CDH1 gene (E-cad-
herin), which coincided with the increasing ex-
pression of markers of myeloid differentiation
such as C/EBP and TNAP induced by alpha-to-
copherol or G-CSF prompted us to analyze the ex-
pression of several transcription factors that are
upregulated in the setting of the loss of E-cad-
herin. It is known that the activation of such tran-
scription factors as SNAIL, SLUG, TWISTI,
ZEB1, ZEB2, and several others, which bind to
E-box sequences in the CDHI gene promoter,
negatively regulates E-cadherin expression [37,
38]. Moreover, these factors are crucial for main-
taining cell pluripotency and stemness [39].

We found a significant down-regulation of
SNAII, ALPP, and POUS5FI expression in K562
cells incubated with alpha-tocopherol (by 1.57,
1.78, and 3.93 times, respectively, compared to the
control) or G-CSF (by 2.82, 2.05, and 4.83 times,
respectively, compared to the control) (Fig. 2). Al-
pha-tocopherol was as effective as G-CSF in de-
creasing ALPP and POU5F1 RNA expression, while
its effect on the SNAII expression was less notice-
able as compared to G-CSF (p < 0.01) (Fig. 2).

While EMT has been implicated in promoting
stemness of cancer cells, which is important for tu-
morigenesis and metastasis in solid tumors, the role
of EMT and the major transcription factors involved
in this process in the case of hematopoietic malig-
nancies remains to be elucidated. Several studies as-
sumed a role of such EMT-related factors as SNAIL,
TWIST, and others in the pathogenesis of myeloid
malignancies [40, 41]. In fact, we observed down-
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AJIBO®A-TOKO®DEPOJI TA I-KC® 3MIHIOIOTDH EKCITPECIIO I'EHIB,
ACOIIINMOBAHMX 3 IU®EPEHIIIOBAHHAM KJIITUH XPOHIYHOT
MIEJIOIMHOT NEMKEMIT K562, 3HVXXYIOYM EKCITPECIIO
EMIT-ACOLIIMOBAHMX BIOMAPKEPIB CTOBBYPOBOCTI

CraH nutanu:. XpoHiyHa MienoinHa neiikemis (XMJI) — ki1oHanbHUI MienonpoidepaTuBHIIT po3naf, Kuit XapaKTe-
PU3YETbCs GTIOKYBaHHAM Mi€NOITHOTO fU(epeHIi0BaH s, 110 IPU3BOAUTD TO HEKOHTPOIbOBAHOI Iposideparii cTos-
6yposux xaitua XMJI y dasi 6actHOl Kpusy 3axBoproBaHHs1. [HribiTopyu Tpo3nHKiHa3K edeKTUBHI Y BifTepMiHYBaHHI
YMHOM, [IOIIYK a/IbTePHATUBHIX Ta JOLATKOBIUX 3aCO0IB BIUIUBY, BK/IIOYAIOUM i A1ihepeHIIiI0Ba/IbHY TEPAILilo, € AKTya/Ib-
H1M. MeTa po60oTH IosIsiraja y BUsAB/IeHHI fudepeHIiiioBalbHOr0 MOTeHIiaTy anbda-ToKopepory Ta IpaHy/IoLUTapHO-
ro KonoHiecTumymoBanbHoro gakropa (I-KC®) misxom aHanisy excrnpecii reHiB geKinpkox ¢pakTopiB, KpUTUIHNX AIs
mienoifHoro gudepennioBanus kaitna K562, a TakoXX KIOYOBUX TPAHCKPUILINHKUX (HaKTOpIB, 10 BU3HAYAIOTh CTaH
croBOypoBocri kniTuH. Marepiamu Ta metopu. Exciipecito MPHK C/EBPa (CCAAT/enhancer binding protein alpha),
HeliTpodinbHO-rpanynonutapaoro ¢akropa TNAP (tkanunHHa Hecmenmdiuna nyxHa ¢ocdarasa), E-xagrepuny,
SNAIL, OCT4 ta PLAP (mnanenTapHo-1noni6Hoi myxHoi pocdarasn) BusHavam MetofoM KinbkicHoi 3T-ITIP y xmitu-
Hax K562, inky6oBaHux y nmpucyrHocti anbda-rokopepony abo [-KCD. Pesynpraru. Inxybaris kritua K562 3 anbga-
toxodepornom abo I-KCD npusopute no mifsuienHs excrpecii renis CEBPB, CDHI Ta ALPL Ta 3HIDKeHHs eKcIpecii
reHiB SNAII, ALPP ta POU5FI, axi konytoTb BignosigHo SNAIL, PLAP ta OCT4, mo acouitorotbcst 3 EMIL. BucHOBOK.
BusiBreHa ob6epHeHa 3a/leXHICTh MDK eKCIIpecielo TeHiB MapKepiB CTOBOYPOBOCTI /TefKeMiYHUX CTOBOYPOBUX KITITHH
(SNAIL, OCT4, PLAP) ra reniB mapkepis mienoiguoro gudepenuitosanus (C/EBPa, TNAP, E-kagrepun) y xiiTnHax
K562 3a pii anbda-rokodepony a6o I-KCD nosBonsie mpUIycTUTY aKTUBALII0 MONEKY/LIPHOTO MaTepHY Mi€nToifHOro
nudepeHIiIOBaHHS B IMX K/TiTHHAX.
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