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OKCIMPECCUA TEHA REG1A B SI'II/ITEHVIOLI,I/ITAXVﬂBEHA,EILlATI/IHEPCTHOVI KULLUKWU KPbIC
B YCNOBUAX OJIUTENBbHOU TMNMOALUMAOHOCTHU 5
¥ NPV BBEOEHUWN MYNbTUMPOBUOTUKA "CUMBUTEP® ALIMAO®UINBbHLIN"

BbisieneHo akcnpeccuto 2eHa Reg1a e anumenuoyumax 60pCUHOK U roka3aHo yeenuyeHue ypoeHsi MPHK amozo zeHa e anumenuoyumax
Kpunm deeHaduyamunepcmHoU KUWKU & 2unoayudHbix ycnosusx. [lpu eeedeHuu mynbmunpo6uomuka "Cumbumep” ayudogusbHbIli" KOHUEHm-
pupoeaHHbIl 8 meXx e ycrioeusix ypoeeHb 3Kkcnpecuu Regl1a e anumenuoyumax e0pcuHoK ymeHbwuscs 8 1,6 pasa, 8 mo epems kak codepxaHue
MPHK Reg1a e kpunmax 6b1510 Ha ypo8He KOHMPOJIbHbIX 3Ha4YeHUU.

Knrodeenlie cnoea: eunoayudHocms, deeHaduamunepcmHasi KUWKa, 3Kcrnpeccusi 2eHo8, My/lbmurnpo6uomuku.
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PROMOTER DNA METHYLATION OF E-CADHERIN GENE IN MOLECULAR PATHOGENESIS
OF ADHESIVE COMPLEX AND ACTIVATION OF EMT MARKERS SNA/L
AND TWIST7IN MYELOPROLIFERATIVE LEUKEMIA

EMT - the epithelial-to-mesenchimal transduction is the basis platform of the tumor microenvironment. EMT causatively bind-
ing with the tumor progression, by which are modulated the migrational, invasive and metastatic potentials of the tumor cells.
Therefore, EMT is the crucial microenvironment metastatic niche for the final cancer cell aggressiveness. Moreover, EMT underlie
cancer stem cell induction and also controls tumor drug sensitivity modulating the response of cancer cells to chemotherapy.
The earlier event of EMT metastatic cascade is the epigenetic deregulation of the E-cadherin-beta-catenin adhesive signaling. The
promoter DNA hypermethylation of E-cadherine gene as the key adhesive molecules results in the switch the E-cadherin-beta-
catenin adhesive signaling on the canonic beta-catenin-Wnt signaling associated with epithelial-mesenchimal transduction.

Thus, the epigenetic regulation of EMT might be considered as the target for a new cancer epigenetic therapy strategies.
Key words: epithelial-mesenchymal transition, E — cadherin, aberrant DNA methylation.

Introduction. The epithelial-mesenchymal transition
(EMT) is the key phenomenon in conception of tumor mi-
croenvironment [1]. EMT is the tissue-specific mechanism
of morphogenesis and organogenesis, which takes place
during embryonic development and associated with trans-
formation of the epithelial cells into mesenchymal stem
cells [2; 3]. In carcinogenesis EMT is chimerical organo-
genesis manifested as metastatic tumors. Thus, it is ab-
normal program leads to migrational, invasive and metas-
tatic properties of tumor cells [4]. These processes imple-
ment at different stages of cell differentiation [5; 6]. The
violation of epigenetic control in carcinogenesis is associ-
ated with aberrant promoter DNA methylation of E — cad-
herin gene — the key molecule of adhesive complex. This
event leads to abnormal activation of EMT in tumor pro-
gression [7]. Thus, epigenetic deregulation of E-cadherin-
beta-catenin adhesive signaling plays the key role in viola-
tion of epigenetic control in myeloproliferative leukemia.

The aim of our study was to investigate the epigenetic
regulation of EMT as a result of aberrant DNA methylation
of E — cadherin gene and its association with EMT modu-
lating transcription factors Snail and Twist1 in progression
of myeloproliferative leukemia, such as chronic and acute
leukemia (CML and AML).

Tumor microenvironment is the central factor of car-
cinogenesis, especially in tumor progression and metasta-
sis [8]. The mesenchimal stem cells (MSCs) are progeni-
tors of tumor stem cells (CSCs) in cancer progression. The
morphological heterogeneity is crucial criterion in classifica-
tion of tumors. Chromosomal aberrations find in different
types of tumor cells [9]. Scientists suggested, that ane-
uploidy might explain genetic instability in tumors with ge-
netic mutations (aneuploidy theory of carcinogenesis,
Theodore Bovary, 1914). These changes in chromosomes
may occur millions of nucleotides [10]. Even the most ad-
vanced program of sequencing of the human genome does
not provide definitive answers about the mechanisms of
carcinogenesis [11].

The epithelial — mesenchymal transduction activates dur-
ing carcinogenesis and leads to invasion and metastasis
[12]. The EMT is activated by inhibition of the expression of
E — cadherin protein [13, 14] and E — cadherin/B — katenin
adhesive complex [15, 16]. Thus, mesenchymal phenotype
is acquired by epithelial cells [17]. Epigenetic silencing of
promoter DNA-methylation of E-cadherin is crucial event on
primary stages in cancer [18]. This step results into the
switch of the E — cadherine/B — catenin adhesive signaling
[14] on the canonic B — catenin/Wnt signaling [19], which
associates with epithelial — mesenchimal transduction.

The regulation of E-cadherin promoter occurs in two
ways: transcription regulation through inhibition of factors
Snail, Slug, Twist1, Zeb1, Zeb2 in E-box region [20; 21]
and epigenetic regulation through aberrant promoter me-
thylation of E-cadherin gene [22; 23]. Unrestrained Wnt sig-
naling and/or loss of the cell adhesion occur during progres-
sion of cancer [14, 22]. The key event of carcinogenesis is
lack of the control over level of 8 — catenin, which may lead
to the destabilization of adhesive complex [19, 24].

Materials and methods. The object of our study was
samples of patient's peripheral blood from the National
Institute of Cancer. In our work we used such methods as
extraction of total DNA and genomic RNA, bisulfate modifi-
cation of DNA using EpiTect Bisulfite Kit (QIAGEN), methyl
— specific PCR of bisulfate modificated DNA and PCR with
reverse transcription. In these methods primers to the pro-
moter region of E—cadherine were used, where cytosine
was replaced to thymine, which complementary to uracil
(5-TGGTTGTAGTTATGTATTTATTTTTAGTGGTGTT-3'-
forward and 5'-ACACCAATACAACAAATC AAACCAAA-3-
reverse); primers to transcription factors Snail (560 bp)
5'-CAGACCCACTCAGATGTCAA-3' (forward) Ta
5'-CATAGTTAGTCACACCTCGT-3' (reverse),  Twist1
(130 bp) 5-CGGGAGTCCGCAGTCTTA-3' (forward) Ta
5- TGAATCTTGCTCAGCTTGTC -3' (reverse). We used
program TotallLab v. 2.01 for quantity estimation of amplifi-
cation product.
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Results and discussion:

In our work we used four samples of patent peripheral
blood.

» Patient with CML (chronic myeloprolipherative
lekemia).

» Patient with AML (acute myeloprolipherative lekemia).

» Patient with ET (essential trombocytosis).

» Negative control HD (healthy donor).

Total DNA was extracted from patient peripheral blood
leucocytes with myeloproliferative leukemia. These DNA

samples were exposed to bisulfate modification. Then
methyl — specific PCR (MS-PCR) was conducted. Electro-
phoregramme of products of methyl — specific PCR for
identification of promoter DNA — methylation of E — cad-
herin gene is demonstrating on Figure 1. The lack of ampli-
fication product was observed in patients with CML and
AML, in compared to healthy donor. This indicates the
presence of the aberrant promoter DNA — methylation of E
— cadherin gene in patients with CML and AML.

Mr  CML AML

ET

Fig. 1. Electrophoregram of products of methyl — specific PCR
for identification of promoter DNA—methylation of E-cadherin gene

Electrophoregramms with amplification products of
target genes Snail and Twist1 (A) and the control gene 8
— actin (B) are demonstrated on Figures 2 and 3. The
product of amplification was observed in patients with

w I—

CML, AML and ET, which indicate expression of tran-
scription factors Snail and Twist1 in patients with various
forms of leukemia.
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Fig. 2. Electrophoregramms with amplification products of target genes Snail (A) and the control gene B - actin (B)
and graphical interpretation of the results (C)

Using densitometry analysis we revealed, that amount
of amplified products of Snail gene increased at 2, 54
times, respectively, in patients with AML, in compared to

()  ®
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patients with CML. The amount of referent gene 8 — actin
was not significantly changed in all experimental samples.

(©)
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Fig. 3. Electrophoregramms with amplification products of target genes Twist? (A) and the control gene 8 — actin (B)
and graphical interpretation of the results (C)
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Using densitometry analysis we revealed, that amount
of amplified products of Twist? gene increased at 1, 88
times, respectively, in patients with AML, in compared to
patients with CML. The amount of referent gene 8 — actin
was not significantly changed in all experimental samples.

Thus, using such methods, as bisulphate modification
and methyl-specific PCR we indicate aberrant CpG-
promoter methylation of E-cadherin gene in patients with
CML and AML, whereas myeloproliferative disease essential
trombocytosis (ET) has not this epigenetic modification.
These results are similarly to the existing literature about the
progression of metastatic tumors in various types of cancer
[25-28], including the progression of leukemia [29, 30].

The mRNA expression of Snail and Twist1 observed
in progression of CML and AML. Chronic and acute forms
of leukemia associated with reciprocal translocation t (9;
22) (q34; q11) between long arms of 9 and 22 chromo-
somes. This translocation results into fusion gene bcr-abl
[31; 32]. Therefore, chimerical gene bcr-abl can be ge-
netic marker of CML and AML, whereas ET has not this
Ph-translocation.

Conclusion. Epigenetic transcriptional deregulation
of E — cadherin gene at the expense of aberrant methyla-
tion of CpG-promoter in CML and AML, associated with
expression's analysis of transcriptional factors Snail and
Twist1, that modulated EMT, was shown.

Also we indicate that expression of Snail and Twist1
significantly increase in progression of myeloproliferative
diseases in such direction: essential thrombocythemia
(ET); chronic myeloid leukemia (CML); acute myeloid
leukemia (AML).

Aberrant hypermethylation of E — cadherine gene and
expression of transcription factors Snail and Twist1 play
key role in progression of metastatic phenotype and might
be considered as the target for a new cancer epigenetic
therapy, include myeloproliferative leukemia.
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NMPOMOTOPHE OHK-METUNMIOBAHHS MEHY E-KAOFEPUHY
B MOJIEKYNAPHOMY NATOIEHE3I AOFE3MBHOIO KOMIMJIEKCY TA AKTUBALII EMT MAPKEPIB — SNAIL
| TWIST1 NPU MIENOMPONI®EPATUBHUX NENKEMIAX

EnimenianbHo-me3eHximanbHa mpaHcdykyisa (EMT) — ue ocHoeHa nnamghopma MikpoomoyeHHs1 nyxnuHu. EMT npu4uHHO noe'sizaHa 3 pa-
Koeoto npozpecieto, MoAysnoYU MiepayiliHull, iHeazueHull i Memacmamu4Huli nomeHyianu pakoeux knimuH. Tomy, EMT e eaxnueor mema-
CmMa3y4yor HiWoK MIKPOOMOYeHHsI MyxJIUHU 8 OCMamoYHili azpecusHocmi pakoeux knimuH. binbw mozo, EMT nexumb e ocHoei iHOYKUii
cmoebypoeux pakoeux KnimuH ma mooynsyii eionoeidi pakoesux knimuH Ha ximiomepanit. PaHHboto cmadieto 8 iHdykyii EMT e enizeHemuyHa
depeaynsuyis E-kadzepuH-6ema-kameHiH adze3usHoz2o cuzHaniHay. AbepanmHe [JHK-memunioeaHHs 2eHy E-kadezepuHa, sik Knro4oeoi adze3us-
HOI MosieKynu, npuzeodums OO0 MOJIEKYsIPHO20 "nepekntovyeHHs" E-kadzepuH-6ema-kameHiH ad2e3ueHO20 cuz2HaniH2y Ha KaHOHiYyHul 6ema-
kameHiH-Wnt cuzHaniHe, wo noe'sizyemscs 3 mpaHcdykyicro abo dedugpepeHyiayieto enimenianbHUX KnimuH 8 Me3eHxiManbHi. TakKuM YUHOM,
enizeHemuyHa peaynayis EMT moxe po3ansidamuchk sik map2emHa miweHb 075151 Hoeoi cmpamezii y mepanii paky.

Knro4oei cnoea: enimenianbHo—me3eHximanbHa mpaHcOykuyisi, E-kadeepuH, abepanmHe JHK-memurnyeaHHs.
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NPOMOTOPHOE OAHK-METUITMPOBAHUE N'EHA E-KAOFEPUHA
B MONEKYJIAPHOM MATOIMEHE3E AArE3MBHOIO KOMINEKCA U AKTUBALIMWU SMT MAPKEPO - SNAIL
N TWIST1 NPU MUENOMNPOJINM®EPATUBHbIX NEMKEMUAX

dnumenuanbHo-me3eHXxuMasnbHasi mpaHcAyKYUsi — 3mo OCHOBHasi niiameopmMa MUKpOOKpYeHusi onyxonu. AMT cesizaHa ¢ onyxonesol npo-
2peccueli, MOGynupysi Mu2payuoHHbIl, UHBa3UBHbIU U Memacmamu4ecKkuli momeHyuas pakoebix kiemok. lfoamomy, SMT — amo eaxxHasi mema-
cmasupyrowasi Hula MUKPOOKPY)KeHUS1 OryX0Jlu 8 OKOHYameJsibHOU a2peccusHocmu pakoebix Knemok. onee amozo, AMT nexum e ocHoge UH-
AyKuuu cmeoJsio8bIx PaKkoebiX K/IemokK u Modyissyuu omeema pakosbIX K/IemokK Ha xumuomepanuro. PanHel cmadueii € undykyuu AMT ecmb anu-
2eHemuyeckas depezynsyusi E-kadzepuH-6ema-kameHuH adze3usHoz2o nymu. A6eppaHmHoe [JHK-memunupoeaHue 2eHa E-kadeepuHa, Kak Kitoye-
eoli adze3ueHOl MOJIEKY/bl, MPUEOOUM K MOJIEKYNsIpHOMY "nepekmtoveHuro” E-kadzepuH-6ema-kameHuH ad2e3ueHO20 nymu Ha KaHOHUYeCKul
Wnt-6ema-kameHuH cuaHanbHbIl nymb. AMeHHO OH cesizaH ¢ mpaHcAykyuel unu dedugepeHyuayueli anumenuanbHbIX KIIeMOK 8 Me3eHXumarsib-
Hble. Takum ob6pa3om, anuzeHemuyeckas peaynsayusi AIMT Moxem 6bimb MuweHbo 07151 HO80U cmpameauu 8 mepanuu paka.

Knrodeenle cnoea: anumenuanbHo—-mMe3eHxumManbHasi mpaHcoykyusi, E — kadzepuH, abeppaHmuoe [HK-memunupoeaHue.
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PERMEABILIZED SECRETORY CELLS OF RATS EXORBITAL LACRIMAL GLANDS AS
A MODEL FOR CA*-TRANSPORT SYSTEMS STUDY

The conditions of isolation and permeabilization of the rat exorbital lacrimal gland secretory cells were optimized. Optimal
amount of digitonin required to exorbital lacrimal gland cells permeabilization was 50 ug / 0.5 million cells, and optimal
incubation time — 10 min. Thus obtained permeabilized cells were stained with rhodamine 123 and chlortetracycline, indicating
the functional integrity of mitochondria and endoplasmic reticulum. Permeabilized exorbital lacrimal gland cells is convenient

model for study of Ca2+-transport systems functioning.

Keywords: lacrimal gland, secretory cells, isolation, permeabilization, digitonin, Ca2+-transport system.

Introduction. Research of lacrimal gland function in
general, and their ca’ *_transport systems particularly, are
important and promising area of modern physiology. In
particular, such common diseases as dry eye syndrome
and Sjogren's syndrome are accompanied by lacrimation
decrease [2, 26, 33], and it is known that lacrimal secretion
is a calcium-dependent process [29, 33].

Comparatlvely with other exocrine glands, little is known
about the Ca’ *_transport systems functioning of secretory
cells of the lacrimal gland. Perhaps this is partly due to me-
thodical difficulties in obtaining a sufficient number of func-
tionally intact isolated secretory cells of lacrimal glands.

Permeabilized cells are a convenient system for study
of many intracellular processes, including mechanisms of
signal transduction in conditions that are close to the native
ones, because in this case the correlation between
Ca2+—transport systems of different organelles are pre-
served Cells membrane permeabilization makes intracellu-
lar Ca® *_transport systems accessible for specific activators
and inhibitors, that in normal conditions do not permeate
through plasma membrane.

The aim of this work was to optimize the conditions of
isolation and permeabilization of the rat exorbital lacrimal
gland secretory cells and assess the possibility of their use
for the intracellular Ca® *_transport systems study.

Materials and methods. Experiments were performed
on nonlinear white rats with 160-250 g weight, that were
kept in a stationary conditions of vivarium. All manipula-
tions with animals were carried out according to the Euro-
pean Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes
(Strasbourg, 18.111.1986) and the Law of Ukraine "On pro-
tection of animals from cruelty" (2006).

After chloroform anaesthesia and decapitation the ex-
orbital lacrimal glands (glandula orbitalis externa) were
quickly removed from the body and dissociated from the
connective tissue. For lacrimal cells isolation modified
method described by Herzog et al. was used [9].

The amount of cells was counted using camera Hor-
yaeva. For this study the drop of investigated suspension

was placed under the cover glass, put under a microscope
and, if cells accommodated evenly, cells were counted in
225 large squares of the camera. The number of cells in
1 ml of suspension was calculated using the formula:

x=——--0.25.-2,
225

where x — number of million cells in 1 ml of suspension;
0.25 — conversion factor for volume; 2 — dilution by solution
containing trypan blue; n — amount of cells in 225 large
squares of the Horyaeva camera.

The integrity of the plasma membrane was controlled
visually under a light microscope using dye trypan blue. For
this purpose 0.2 % trypan blue solution, that was on the
basis of nominal noncalcium extracellular medium, was
mixed with a suspension of cells in the same volume and
after 2—-3 min examined under a microscope. Lack of cellu-
lar colour indicated the integrity of the plasma membrane.

Cells membrane permeabilization was accomplished by
digitonin at 37 °C in medium that was close to intracellular.
The concentratlon of free Ca®" in the medium was as-
signed by Ca**/EGTA buffer and calculated using the pro-
gram Maxchelator (http://maxchelator.stanford.edu).

After permeabilization cells were washed twice by in-
tracellular solution without digitonin. Permeabilization grade
was estimated visually using trypan blue.

The functioning of the Ca *_transport systems was es-
timated by changes of Ca®* content |n cells, after incuba-
tion with agonists or antagonists. Ca®* content was deter-
mlned using metalochromic staining agent arsenazo |Il.
Ca®*-ATPase activity was evaluated based on changes in
the content of inorganic phosphate in the medium, which
was determined by UV detection. Protein concentration
was determined by Lowry method [18]. The lacrimal gland
secretory cells respiration was recorded by polarographic
method [4] using a propeller stirrer [19].

Mathematical-statistical data processing was per-
formed using the software package Microsoft Excel. Sta-
tistical difference between groups was determined by
t-Student's test, for statistically significant were taking
changes with P<0.05.
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