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HYPOXIC REGULATION OF MYBLI1, MEST, TCF3,
TCF8, GTF2B, GTF2F2 AND SNAI2 GENES EXPRESSION
IN U87 GLIOMA CELLS UPON IRE1 INHIBITION
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We investigated the impact of IREI/ERNI (inositol requiring enzyme 1/endoplasmic reticulum to nu-
cleus signaling 1) knockdown on hypoxic regulation of the expression of a subset of proliferation and migra-
tion-related genes in U87 glioma cells. It was shown that hypoxia leads to up-regulation of the expression of
MEST and SNAI2, to down-regulation — of MYBLI, TCF8 and GTF2F2 genes at the mRNA level in control
glioma cells. At the same time hypoxia did not affect the expression of TCF3 and GTF2B transcription factor
genes. In turn, inhibition of IREI modified the effect of hypoxia on the expression of all studied genes, except
MYBLI and GTF2B. For instance, IREIl knockdown decreased sensitivity to hypoxia of the expression of
MEST, TCF8 and SNAI2 genes and increased sensitivity to hypoxia of GTF2F?2 expression. At the same time,
IRE] inhibition introduced sensitivity to hypoxia of the expression of TCF3 gene in glioma cells. The present
study demonstrated that the inhibition of IREI in glioma cells affected the hypoxic regulation of the expression
of studied genes in various directions, though hypoxic conditions did not abolish the effect of IREI inhibition
on the expression of respective genes. To the contrary, in case of SNAI2, GTF2F2 and MEST hypoxic condi-
tions magnified the effect of IREI inhibition on the expression of respective genes in glioma cells.
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tein 1), TCF3 (transcription factor 3), TCF8

(transcription factor 8), SNAI2 (Snail ho-
molog 2), GTF2B (general transcription factor 11B),
GTF2F2 (general transcription factor IIF, polypep-
tide 2), as well as potential tumor suppressor MEST
(mesoderm specific transcript) are implicated in
control of various cellular processes, in particular,
proliferation and migration [1-10]. Role of MYBLI1
transcription factor in tumor development is still un-
der investigation. However, it is known, that partial
duplication of MYBLI gene together with truncation
of its C-terminal regulatory domain is frequently ob-
served in pediatric gliomas [7]. Transcription factor
TCF3 functions both as transcriptional activator and
repressor depending on its interactions with part-
ner proteins. For instance, CBP/p300 participates in
transcriptional activation, whereas ETO family fac-
tors contribute to repression of transcription [1, 2].
Role of TCF3 in development of malignancies is
ambiguous, but decreased expression of this factor

T ranscription factors MYBLI1 (Myb-like pro-
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correlates with negative prognosis in patients with
colon cancer [3]. On the other hand, over-expression
of TCF3 is observed in breast, stomach, kidney tu-
mors and hepatocellular carcinoma [4].

Among others, transcription factors SNAI2,
TCF8 and TCF3 are identified as key regulators of
invasive phenotype development in different types
of tumors. These factors are pleiotropically ex-
pressed and their effects are partially redundant.
For instance, SNAI2, TCF8 and TCF3 are negative
regulators of E-cadherin expression, as they recog-
nize regulatory E-box elements in promoter region
of this gene [4-6]. Experimental over-expression
of transcription factors SNAIL, SNAI2, ZEB1/2
of TWIST1/2 in epithelial cells leads, as a rule, to
initiation of epithelial-mesenchymal transition: loss
of adherent junctions, conversion of cells from po-
lygonal into fusiform, expression of enzymes, which
cleave the components of extracellular matrix, in-
creased mobility and resistance to apoptosis [11, 12].
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PEGI/MEST (paternally expressed gene 1/
mesoderm specific transcript) is a gene, localized in
chromosome 7q32.2, characterized by genome im-
printing, meaning that only its paternal allele is ex-
pressed, whereas the expression of maternal allele is
blocked due to hypermethylation. This gene encodes
an enzyme, which belongs to the family of alpha/
beta hydrolases [13]. It was demonstrated, that loss
of methylation of one of the PEGI/MEST alleles in-
creases the risk of cervical cancer development [14].
Aberrant PEGI/MEST imprinting was detected in in-
vasive breast tumors and uterine leiomyomas [15-17].
In case of hepatocellular carcinoma, in contrast, the
down-regulation of PEGI/MEST expression is ob-
served due to hypermethylation of its promoter [§].
It is interesting to note, that one of the intrones of the
PEGI/MEST gene codes a tumor suppressor micro-
RNA miR-335, which inhibits the metastatic abilities
of tumor cells [8]. Therefore, the hypermethylation
of the promoter of this gene consecutively decreases
the expression of MEST and miR-335 [8]. It needs
to be clarified to which extend the tumor suppressor
effect of MEST is determined by the expression of its
protein product or an intron-localized miR-335.

General transcription factor 2B is involved in
RNA polymerase II recruitment and initiation of
transcription in eukaryotes [18]. Recently, it was
shown, that the expression of this transcription fac-
tor is increased in hepatocellular carcinoma in com-
parison to normal tissues on both mRNA and protein
levels. Moreover, it was found that elevated levels
of GTF2B in hepatocellular carcinoma cells are as-
sociated with transition from Gl to S phase, and cell
growth assay shows that overexpression of TFIIB
may promote cell proliferation [9].

GTF2F2 is an ATP-dependent DNA-helicase,
which exists as a heterodimer with another general
transcription factor GTF2F1. The complex is active
in both initiation and elongation stages of transcrip-
tion controlling the activity of RNA polymerase 11
[19]. The possible significance of GTF2F2 for cancer
development is still to be investigated, however, it is
known, that this transcription factor is downregu-
lated in cervical cancer specimens in comparison
to normal tissues [20, 21]. Recently, GTF2F2 was
identified as a new target gene of a tumor suppres-
sor transcription factor delta-lactoferrin in MDA-
MB-231 breast cancer cells [10].

Presence of hypoxic regions in tumors increa-
ses their resistance to chemo- and radiotherapy, in
particular, due to ineffective diffusion of drugs and

slower cell division, which usually accompanies
hypoxia. Moreover, cycles of hypoxia-reoxygena-
tion increase the migration potential of tumor cells
[22, 23]. For many types of tumors there is a correla-
tion between HIF (hypoxia inducible factor) activa-
tion and decreased expression of E-cadherin, a key
tumor suppressor, which inhibits epithelial-mesen-
chymal transition. In general, hypoxia modifies the
physiology of a neoplasm towards more aggressive
phenotype [24].

Activation of an endoplasmic reticulum stress
signaling pathway plays an important role in adapta-
tion of tumor cells to the decreased levels of oxygen.
In particular, a protein kinase PERK is activated
under hypoxic conditions, which leads to the phos-
phorylation of translation initiation factor elF2a, and
therefore — to overall decrease in protein synthesis.
Moreover, PERK-mediated phosphorylation of e[F2a
activates the translation of an ATF4 transcription
factor, which facilitates cell survival under stressful
conditions [25]. It is also known, that activation of
PERK-dependent branch of endoplasmic reticulum
stress facilitates the adaptation of cells to prolonged
hypoxia and development of resistance to apopto-
sis [26]. Activation of IREI (inositol requiring en-
zyme-1)-dependent branch of endoplasmic reticulum
stress pathway is no less important for the adaptation
to hypoxic conditions. For instance, IRE1 activation
leads to the expression of an active XBP1 (X-box
protein 1) transcription factor, which promotes sur-
vival of tumor cells [27]. It was demonstrated, that
VEGF expression and angiogenesis in tumors under
hypoxic conditions is also IRE1-dependent [28].

Gliomas, as many other types of solid tumors,
are characterized by the presence of hypoxic and ne-
crotic regions. Through activation of various signa-
ling pathways, in particular — endoplasmic reticulum
stress response, gliomas utilize hypoxic conditions
to stimulate the neovascularization, tumor growth
and invasion [29].

In this study we investigated the impact of hy-
poxia on the expression of a subset of proliferation
and migration-related genes in U87 glioma cells in
relation to functional activity of a key endoplasmic
reticulum stress effector IREI.

Materials and Methods

Cell lines and culture conditions. The glioma
cell line U87 (HTB-14) was obtained from ATCC
(USA) and grown in high glucose (4.5 g/l) Dulbec-
co’s modified Eagle’s minimum essential medium
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(DMEM; Gibco, Invitrogen, USA) supplemented
with glutamine (2 mM), 10% fetal bovine serum
(Equitech-Bio, Inc., USA), penicillin (100 units/ml;
Gibco, USA) and streptomycin (0.1 mg/ml; Gibco) at
37 °C in a 5% CO, incubator.

In this study we used sublines of U87 glioma
cells, which were described previously [30-32]. One
subline was obtained by selection of stable transfec-
ted clones with overexpression of vector pcDNA3.1,
which was used for creation of dnERNI1. Second sub-
line was obtained by selection of stable transfected
clone with overexpression of IRE1 dominant-nega-
tive construct (dAnERNT1) and has suppressed protein
kinase and endoribonuclease activities of this signa-
ling enzyme (clone 1C5) [31]. The expression level of
studied genes in these two sublines of glioma cells
was compared with corresponding cells, transfected
by vector or by dnERNI construct. The efficiency of
IRE1 suppression in this glioma cell subline was es-
timated previously [33, 34]. Both sublines of glioma
cells used in this study were grown with the addition
of geneticin (G418) while these cells are carrying
empty vector pcDNA3.1 or dnERNI construct.

For hypoxia culture plates were exposed in spe-
cial chamber with 3% oxygen, 92% nitrogen, and 5%
carbon dioxide levels for 16 h.

RNA isolation. Total RNA was extracted from
glioma cells using Trizol reagent according to manu-
facturer protocols (Invitrogen, USA) as described
previously [34]. The RNA pellets were washed with
75% ethanol and dissolved in nuclease-free wa-
ter. For additional purification, RNA samples were
re-precipitated with 95% ethanol and re-dissolved
again in nuclease-free water. RNA concentration
and spectral characteristics were measured using
NanoDrop Spectrophotometer ND1000 (PEQLAB,
Biotechnologie GmbH).

Reverse transcription and quantitative PCR
analysis. QuaniTect Reverse Transcription Kit
(QIAGEN, Germany) was used for cDNA synthe-
sis according to manufacturer protocol. The ex-
pression levels of MYBLI1, TCF3, TCF8, SNAI2,
MEST, GTF2B and GTF2F2 mRNAs as well as
ACTB mRNA were measured in U87 glioma cells
and their dnERN1 subline by real-time quantitative
polymerase chain reaction using Mx 3000P QPCR
(Stratagene, USA) or “RotorGene RG-3000” qPCR
(Corbett Research, Germany) and Absolute qPCR
SYBRGreen Mix (Thermo Fisher Scientific, AB-
gene House, UK). Polymerase chain reaction was
performed in triplicate using specific primers, which
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were received from Sigma-Aldrich (St. Louis, MO,
USA).

For amplification of MYBLI cDNA we used
forward (5-TTGAAGGATGCGAAGAGGT-3') and
reverse (5'—-CATCGATGCTGGCACTGAAA-3")
primers. The nucleotide sequences of these prim-
ers correspond to sequences 401-420 and 637-618 of
human MYBLI cDNA (GenBank accession number
NM_001080416). The size of amplified fragment is
237 bp.

The amplification of TCF3 cDNA for real
time RCR analysis was performed using two
oligonucleotides primers: forward — 5'-ACAA-
GGAGCTCAGTFACCTC-3' and reverse — 5—CT-
GTFCGACTCAGTFAAGTF-3". The nucleotide se-
quences of these primers correspond to sequences
107-126 and 326-307 of human 7CF3 cDNA (Gen-
Bank accession number NM_003200). The size of
amplified fragment is 220 bp.

The amplification of TCF§ cDNA for real time
RCR analysis was performed using two oligonucleo-
tides primers: forward — 5-CAGGGAGGAGCAGT-
FAAAGA-3' and reverse — 5—~CTCTTCAGGTFC-
CTCAGGAA-3'". The nucleotide sequences of these
primers correspond to sequences 209-228 and 438-
419 of human TCF8 ¢cDNA (GenBank accession
number NM_030751). The size of amplified frag-
ment is 230 bp.

For amplification of SNA/2 cDNA we used for-
ward (5'-CCTGGTTGCTTCAAGGACAC-3" and
reverse (5-AGCAGCCAGATTCCTCATGT-3")
primers. The nucleotide sequences of these primers
correspond to sequences 765-784 and 968-949 of
human SNAI2 ¢cDNA (GenBank accession number
NM_003068). The size of amplified fragment is
204 bp.

For amplification of MEST cDNA we used for-
ward (5-TTGGCTTCAGTGACAAACCG-3" and
reverse (5'-TGACAGCACACCTCCATCTT-3")
primers. The nucleotide sequences of these primers
correspond to sequences 576-595 and 859-840 of
human MEST c¢DNA (GenBank accession number
NM_002402). The size of amplified fragment is
284 bp.

The amplification of GTF2F2 cDNA was
performed using two oligonucleotide primers: for-
ward — 5~GGAGTGTGGCTAGTCAAGGT-3' and
reverse — 5—GCACTGACTGAAGCTGGTTT-3".
The nucleotide sequences of these primers cor-
respond to sequences 209-228 and 390-371 of hu-
man GTF2F2 cDNA (GenBank accession number
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NM _004128). The size of amplified fragment is 182
bp.

For amplification of GTF2B cDNA we used
forward (5'-TCTGTTGTGTCTTGTTGCGG-3' and
reverse (5-GTTCGCCATTCAGATCCCAC-3")
primers. The nucleotide sequences of these prim-
ers correspond to sequences 80-99 and 280-261 of
human GTF2B cDNA (GenBank accession num-
ber NM_001514). The size of amplified fragment is
201 bp.

The amplification of B-actin (ACTB) cDNA
was performed using forward — 5S~GGACTTCGAG-
CAAGAGATGG-3' and reverse — 5-AGCACTGT-
GTTGGCGTACAG-3' primers. These primer nucle-
otide sequences correspond to 747-766 and 980-961
of human ACTB ¢cDNA (GenBank accession num-
ber NM_001101). The size of amplified fragment is
234 bp. The expression of B-actin mRNA was used
as control of analyzed RNA quantity.

Quantitative PCR analysis was performed
using a special computer program “Differential ex-
pression calculator”. The values of MYBLI, TCF3,
TCFS8, SNAI2, MEST, GTF2B, GTF2F2 and ACTB
gene expressions were normalized to the expres-
sion of B-actin mRNA and represented as percent of
control (100 %). All values are expressed as mean +
SEM from triplicate measurements performed in 4
independent experiments.

Statistical analysis. The statistical hypotheses
were tested using the STATISTICA v.7 for every
gene: MEST, MYBLI, TCF3, TCFS, GTF2B, SNAI2,
and GTF2F2. The samples were normally distribu-
ted. It follows from the sampling process and testing
with Normal-Probability Plot. Effect of hypoxia in
dnERNI cells was evaluated with Wald-Wolfowitz
and Mann-Whitney tests as a nonparametric alterna-
tive to the #-test for independent samples. All three
tests delivered similar outcomes.

Results and Discussion

We investigated the effect of hypoxic condi-
tions on the expression of a subset of genes enco-
ding proliferation and migration related transcrip-
tion factors as well as a potential tumor suppressor
MEST in U87 glioma cells in relation to functional
activity of IRE1 signaling enzyme. We determined,
that in control U87 glioma cells, transfected with
an empty pcDNA3.1 vector, hypoxia led to a mode-
rate down-regulation (-32%) of the expression of
MYBLI mRNA (Fig. 1). In cells with IREI/ERN1
knockdown (dnERN1) we also observed a decreased

expression of this transcription factor (-23%) under
hypoxic conditions, in comparison to cells cultivated
with normal amounts of oxygen. Therefore, inhibi-
tion of IRE1 signaling enzyme in glioma cells did
not significantly affect the hypoxic regulation of
MYBLI expression, though in glioma cells with
IRE1 knockdown we observed a 6-fold increase in
MYBLI mRNA levels in comparison to cells, ex-
pressing native IRE1 (Fig. 1).

As shown in Fig. 2, hypoxia did not affect the
expression levels of TCF3 mRNA in control U87
glioma cells. However, inhibition of IRE1 kinase and
RNase introduced sensitivity to hypoxia of this gene
expression. Namely, mRNA levels of TCF3 tran-
scription factor in dnERNI1 glioma cells were up-
regulated (+32%) under hypoxic conditions (Fig. 2).
Therefore, in case of TCF3, treatment with hypoxia
augmented the effect of IREI inhibition on the ex-
pression of this gene.

We demonstrate, that hypoxia led to a marked
(-58%) down-regulation of TCF8 expression in U87
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Fig. 1. Effect of hypoxia (3% oxygen — 16 h) on the
expression level of transcription factor MYBLI in
control U87 glioma cells (Vector) and cells with inhi-
bition of IREI/ERNI enzymatic activities (dnERNI)
measured by gPCR. The values of MYBLI mRNA
expression were normalized to f-actin mRNA level
and presented as percent of control (100%); n = 4
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Fig. 2. Effect of hypoxia (3% oxygen — 16 h) on the
expression level of transcription factor TCF3 in con-
trol U87 glioma cells (Vector) and cells with inhibi-
tion of IREI/ERNI enzymatic activities (dnERNI)
measured by qPCR. The values of TCF3 mRNA
expression were normalized to [f-actin mRNA level
and presented as percent of control (100%); n = 4

glioma cells (Fig. 3). In cells, expressing dominant-
negative IRE1/ERNI, we observed decreased ex-
pression of this transcription factor mRNA (-28%)
under hypoxic conditions in comparison to dnERN1
cells, which were cultivated with normal amounts of
oxygen (Fig. 3). Thus, we can conclude, that IREI
inhibition in U87 glioma cells decreased the sensi-
tivity of TCF8 expression to hypoxia.

We observed, that low levels of oxygen led to a
marked (+74%) up-regulation of SNAI2 mRNA ex-
pression in U87 glioma cells, transfected with empty
vector (Fig 4). At the same time, in dnERNI cells
hypoxic conditions led only to a 16% increase in ex-
pression of this transcription factor mRNA (Fig.4).
Therefore, as in case of TCF8 inhibition of IRE1
signaling enzyme in glioma cells led to decreased
sensitivity of SNAI2 expression to hypoxia. At the
same time, in glioma cells with IRE1 knockdown
we observed a prominent up-regulation of SNAI2
expression in comparison to control cells with na-
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Fig. 3. Effect of hypoxia (3% oxygen — 16 h) on the
expression level of transcription factor TCF8 in con-
trol U87 glioma cells (Vector) and cells with inhibi-
tion of IREI/ERNI enzymatic activities (dnERNI)
measured by qPCR. The values of TCF8 mRNA
expression were normalized to f-actin mRNA level
and presented as percent of control (100%); n = 4

tive IRE1 (Fig. 4). Moreover, hypoxic treatment of
dnERNT cells augmented the effect of IRE1 inhibi-
tion on the expression of SNAI2.

In case of potential tumor suppressor MEST,
its expression was up-regulated almost 2-fold in U87
glioma cells subjected to hypoxia (Fig. 5). Inhibi-
tion of IREI signaling enzyme in glioma cells led to
more than 8-fold increase in expression of its mRNA
in comparison to cells with native IRE1 (Fig. 5). Fur-
thermore, hypoxic treatment of dnERNI cells re-
sulted in 28% increase in MEST expression (Fig. 5).
Thus, we can conclude, that IRE1 knockdown de-
creased the sensitivity of this gene’s expression to
hypoxia in U87 glioma cells.

Hypoxia did not affect significantly the ex-
pression of general transcription factor 2B in U87
glioma cells with native IRE1 (Fig. 6). Upon inhibi-
tion of IRE1 we observed a 60% decrease in expres-
sion of this transcription factor, and hypoxia slightly
increases the expression of GTF2B gene in glioma
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Fig. 4. Effect of hypoxia (3% oxygen — 16 h) on the
expression level of transcription factor SNAI2 in
control US7 glioma cells (Vector) and cells with inhi-
bition of IREI/ERNI enzymatic activities (dnERNI)
measured by qPCR. The values of SNAI2 mRNA
expression were normalized to [-actin mRNA level
and presented as percent of control (100%); n = 4

cells with IRE1 knockdown (Fig. 6). In contrast,
treatment with hypoxia led to a 46% decrease in
GTF2F2 mRNA expression in glioma cells (Fig. 7).
Moreover, in dnERNI glioma cells, subjected to hy-
poxia, the expression of GTF2F2 was further down-
regulated (-64%) in comparison to control dnERN1
cells, cultivated with normal amounts of oxygen
(Fig. 6). Thus, the hypoxic regulation of GTF2F2
expression in glioma cells is IRE1-dependent and
inhibition of IRE1 increases the effect of hypoxia on
the expression of this transcription factor.

In this work we studied the expression of a
number of proliferation-related transcription factor
genes, as well as of a potential tumor suppressor
MEST in U87 glioma cells with an unaltered IRE1
signaling enzyme and in cells with IRE1 knockdown
upon hypoxic conditions. The aim of the study was
to evaluate the effect of IRE1 inhibition on the hy-
poxic regulation of the expression of selected genes,
as both hypoxia and ER stress are key factors, which
control cellular proliferation and tumor growth in
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Fig. 5. Effect of hypoxia (3% oxygen — 16 h) on the
expression level of gene MEST in control U87 glio-
ma cells (Vector) and cells with inhibition of IRE1/
ERNI enzymatic activities (dnERNI) measured by
qPCR. The values of MEST mRNA expression were
normalized to f-actin mRNA level and presented as
percent of control (100%); n = 4

gliomas and many other types of cancers [35-39].
The growing tumor utilizes the endoplasmic reticu-
lum stress and hypoxia responses to promote the for-
mation of new blood vessels, cellular proliferation,
as well as to acquire resistance to apoptosis [28, 33,
35]. Numerous data [35, 36, 38-40] are available that
cellular response to hypoxia is associated with ma-
lignant progression through the endoplasmic reticu-
lum stress signaling pathway, however, the precise
mechanism of such interconnection remains largely
unknown.

In this study we have demonstrated that the
expression of most studied genes, except 7CF3 and
GTF2B in control glioma cells is affected by hypoxia
as compared to normoxic condition. For instance, the
expression levels of MEST and SNAI2 genes were
increased upon hypoxia in U87 glioma cells with na-
tive IRE1, whereas the relative mRNA levels of tran-
scription factors MYBLI, TCF8 and GTF2F2 were
decreased under hypoxic conditions in comparison
to control. Inhibition of IRE1 signaling enzyme in
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Fig. 6. Effect of hypoxia (3% oxygen — 16 h) on the
expression levels of transcription factors GTF2B in
control US7 glioma cells (Vector) and cells with inhi-
bition of IREI/ERNI enzymatic activities (dnERNI)
measured by gPCR. The values of GTF2B mRNA
expression were normalized to f-actin mRNA level
and presented as percent of control (100%); n = 4

glioma cells did not significantly affect the hypoxic
regulation of MYBLI expression.

In case of TCF3 and GTF2B transcription fac-
tors, inhibition of IREI signaling enzyme intro-
duces the hypoxic regulation of the expression of
these genes. In contrast, IRE1 knockdown in U87
glioma cells decreased the sensitivity of TCFS$,
SNAI2 and MEST expression to hypoxia. Only in
case of GTF2F2 transcription factor IRE1 inhibi-
tion resulted in increased sensitivity of this gene’s
expression to hypoxia in glioma cells.

It is interesting to note, that in all cases treat-
ment with hypoxia did not abolish the effect of IRE1
knockdown on the expression of studied genes.
Moreover, in case of pro-migratory transcription
factors TCF3 and SNAI2, hypoxic treatment of
dnERNTI cells augmented the effect of IRE1 inhibi-
tion on the expression of these genes. It is known,
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Fig. 7. Effect of hypoxia (3% oxygen — 16 h) on the
expression levels of transcription factors GTF2B
and GTF2F2 in control U87 glioma cells (Vector)
and cells with inhibition of IREI/ERNI enzymatic
activities (AnERNI) measured by gPCR. The val-
ues of GTF2B and GTF2F2 mRNA expression were
normalized to f-actin mRNA level and presented as
percent of control (100%); n = 4

that suppression of IREl enzymatic activities in
gliomas leads to the inhibition of tumor neovascu-
larization together with the development of a more
invasive phenotype [33, 34]. It is reasonable to sug-
gest, that combined impact of hypoxia and IREl
inhibition on the expression of key pro-migratory
transcription factors may contribute to the increased
migration potential of IRE1 knockdown glioma cells.

The present study demonstrates that hypoxia,
which is a major factor influencing glioma growth,
affects almost all studied genes expression and that
inhibition of IRE1 modifies the hypoxic regulation
of these gene expressions in gene specific manner.
However, little is known about the detailed molecu-
lar mechanisms of IREl-mediated hypoxic regula-
tion of these genes.
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Hocaimxeno BB npurHiveHHs IRE1I/ERNI1
(inositol requiring enzyme 1/ endoplasmic reticulum
to nucleus signaling 1) Ha TIMOKCUYHY peTyJIAIIiI0
eKcrpecii HHU3KM TeHiB, NPUYETHUX [0 KOHTPO-
o mpomidepartii Ta mirpamii, B KJIITHHAX TITIOMHA
ninii U87. [loka3aHo, M0 TiMOKCisl TPU3BOAUTH 10
3poctaHHs ekcripecii reriB MEST ta SNAI2 ta no
3HIKeHHS excnpecii reHiB MYBLI, TCF8 1 GTF2F2
Ha piBHI MPHK y KOHTpOIBHUX KIITHHAX TIIOMU.
VY Toif camuii 4ac TiNOKCisi HE YMHHUTH BILIMBY Ha
EKCIpecito TeHIB TPaHCKPUIIIHHUX (aKTOpiB
TCF3 Tta GTF2B. V cBoro depry iHriOyBaHHS
IRE1 Mommdikye BIIHMB TiMOKCii Ha EKCIIPeciro
BCiX JIOCHIKYBaHUX T€HIB, 32 BUHATKOM MYBLI
ta GTF2B. 3okpema, BukiatoueHHs: IRE1 3numxkye
qyTnuBicTh ekcrpecii reHiB MEST, TCF8 ta SNAI2
JI0 TIiMOKcii 1, HaBMaKkwW, MiABUIIYE UYYTIUBICTH
excrpecii rena GTF2F2 no nii mporo 4YWHHHKA.
Bonnodac inribyBanus IRE] iHimioe Tinmokcnuny
perynsmiro excrupecii rena 7CF3 B KITHHaX
rimiomu. llokazano, mo mnpurHivenns I[REl vy
KJTITHHAX TIIOMH Ma€ Pi3HOCTIPSIMOBAHUH BITJIUB Ha
TIMTOKCHYHY PETYIISAIiI0 eKCIpecii JOCIiKyBaHUX
TeHiB, OIHAK, TIMOKCis B KOMTHOMY pasi HE yCyBae€
BrutuBy npurHideHHs IRE1 Ha iX excrpecito. Ha-
BIaku, y pasi 3 SNAI2, GTF2F2 ta MEST ymoBu
rimokcii mocmmiooTh edekt npuraideHHs IRE1 Ha
X eKCIpecito B KIITHHAX TIIIOMH.

KnouoBi cmoBa: ekcnpecis MPHK,
MYBLI, TCF3, TCF8, SNAI2, GTF2B, GTF2F2,
MEST, nupurnidenus IREl, rinokcis, KIiTUHA
TITIOMU.

I'MIIOKCHUYECKAS PET'YJIALUA
OKCHHPECCUU I'EHOB MYBLI1, MEST,
TCF3, TCF8, GTF2B, GTF2F2 1 SNAI2
B KIIETKAX I'VIMOMBI U87 ITPU
HUHI'MBUPOBAHUU IRE1

O. I Munuenxo', J1. O. L{oimban',
. O. Munuenxo'?, O. O. Kybauuyx®

Mucruryt 6uoxumun um. A. B. Tlannaauna
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SHaruoHanbHBIH YHUBEPCUTET MUMIEBBIX
texnosoruii, Kues, Ykpauna

Uccnenoano Bimsinue yrHeteHus [REL/
ERNI (inositol requiring enzyme 1/ endoplasmic
reticulum to nucleus signaling 1) Ha THTIOKCHYECKYTO
PETYJISIIMIO 3KCIIPECCUU PsAZla TEHOB, IPUYACTHBIX
K KOHTPOJIIO Iponaudepauud 1 MUTPALlUH, B KIICT-
kax riauoMsl 1uHuM U87. [loka3aHo, 4TO THITOKCHS
BEAET K YBEIMUYCHHUIO YPOBHS SKCIPECCHH I'€HOB
MEST u SNAI2, 1 K CHUKEHUIO YPOBHEH 3KCIIpec-
cuu MYBLI, TCF8 u GTF2F2 na ypoae MPHK B
KOHTPOJIBHBIX KJIETKaX IMTMOMBL. B TO Xe Bpems,
TUIIOKCHSI HE BIMSIET Ha 3KCIIPECCUIO TPAHCKPUIIIHU-
onnbIX GaktopoB TCF3 u GTF2B. B cBoto ouepenn
narnbompoanue [IREl monudunupyer Bausaue ru-
IIOKCHUU Ha 3KCIIPECCHIO BCEX MCCIECAYEMBIX I'€HOB,
kpome MYBLI v GTF2B. B 4acTHOCTH, BBIKJIIOYE-
Hue IRE] cHuMkaeT 4yBCTBUTENBHOCTD 3KCIIPECCHU
renoB MEST, TCF§8 n SNAI2 x TUNOKCHMU W, Ha-
000pOT, MOBBIIIAET YYBCTBUTEIBHOCTD IKCIIPECCUU
reHa GTF2F2 x BaussHAIO naHHOTO (pakTopa. B TO
ke BpeMst, nHruoupoBanue IRE1l waMIIMUpYeT TH-
MOKCUYECKYI0 PEryisauuto sxkcnpeccuu resa 7CEF3
B KJIeTKax rIHoMbl. [Tokaszano, yto yruerenue IRE1
B KJETKax IJMOMBI HMEET pPa3HOHANpPaBJICHHOE
BIIMSIHUE HAa TMIIOKCHUYECKYIO PETYJISLHNIO 3KCIIpec-
CHH HCCJIEAYEMBbIX T'€HOB, OJHAKO, HU B OJHOM M3
ClIy4yaeB I'MIIOKCHS HE HUBENUPYeT 3P PEeKT yrHere-
uus IRE1 Ha ux skcnipeccuto. HaoGopor, B ciryuae
SNAI2, GTF2F2 u MEST ycnoBusi TUIIOKCUU YCH-
nuBaroT > dext yruerenus IREl Ha mx sxcmpec-
CHIO B KJIETKAX TJINOMBI.

KnmoueBbie cuoBa: skcrupeccuss MPHK,
MYBLI, TCF3, TCF8, SNAI2, GTF2B, GTF2F2,
MEST, yruerenue IREI], rumokcusi, KISTKH TJIHO-
MBL.

59



ISSN 2409-4943. Ukr. Biochem. J., 2016, Vol. 88, N 6

60

. Denis

References

CM, Langelaan DN, Kirlin AC,
Chitayat S, Munro K, Spencer HL, LeBrun DP,
Smith SP. Functional redundancy between the
transcriptional activation domains of E2A is
mediated by binding to the KIX domain of CBP/
p300. Nucleic Acids Res. 2014; 42(11): 7370-
7382.

. Guo C, Hu Q, Yan C, Zhang J. Multivalent

binding of the ETO corepressor to E proteins
facilitates dual repression controls targeting
chromatin and the basal transcription machinery.
Mol Cell Biol. 2009; 29(10): 2644-2657.

. Huang A, Zhao H, Quan Y, Jin R, Feng B,

Zheng M. E2A predicts prognosis of colorectal
cancer patients and regulates cancer cell growth
by targeting miR-320a. PLoS One. 2014; 9(1):
€85201.

. Patel D, Chinaranagari S, Chaudhary J. Basic

helix loop helix (bHLH) transcription factor
3 (TCF3, E2A) is regulated by androgens in
prostate cancer cells. Am J Cancer Res. 2015;
5(11): 3407-3421.

. Bolos V, Peinado H, Pérez-Moreno MA,

Fraga MF, Esteller M, Cano A. The transcription
factor Slug represses E-cadherin expression and
induces epithelial to mesenchymal transitions:
a comparison with Snail and E47 repressors.
J Cell Sci. 2003; 116(Pt 3): 499-511.

. Peinado H, Olmeda D, Cano A. Snail, Zeb

and bHLH factors in tumour progression: an
alliance against the epithelial phenotype? Nat
Rev Cancer. 2007; 7(6): 415-428.

Ramkissoon LA, Horowitz PM, Craig JM,
Ramkissoon SH, Rich BE, Schumacher SE,
McKenna A, Lawrence MS, Bergthold G,
Brastianos PK, Tabak B, Ducar MD, Van
Hummelen P, MacConaill LE, Pouissant-
Young T, Cho YJ, Taha H, Mahmoud M,
Bowers DC, Margraf L, Tabori U, Hawkins C,
Packer RJ, Hill DA, Pomeroy SL, Eberhart CG,
Dunn IF, Goumnerova L, Getz G, Chan JA,
Santagata S, Hahn WC, Stiles CD, Ligon AH,
Kieran MW, Beroukhim R, Ligon KL. Genomic
analysis of diffuse pediatric low-grade gliomas
identifies recurrent oncogenic truncating
rearrangements in the transcription factor
MYBLI. Proc Natl Acad Sci USA. 2013; 110(20):
8188-8193.

. Dohi O, Yasui K, Gen Y, Takada H, Endo M,

Tsuji K, Konishi C, Yamada N, Mitsuyoshi H,

10.

Yagi N, Naito Y, Tanaka S, Arii S, Yoshikawa T.
Epigenetic silencing of miR-335 and its host
gene MEST in hepatocellular carcinoma. Int J
Oncol. 2013; 42(2): 411-418.

. Li L, Zhang A, Cao X, Chen J, Xia Y,

Zhao H, Shen A. General transcription factor
IIb overexpression and a potential link to
proliferation in human hepatocellular carcinoma.
Pathol Oncol Res. 2013; 19(2): 195-203.

Hoedt E, Chaoui K, Huvent I, Mariller C,
Monsarrat B, Burlet-Schiltz O, Pierce A.
SILAC-based proteomic profiling of the human
MDA-MB-231 metastatic breast cancer cell line
in response to the two antitumoral lactoferrin
isoforms: the secreted lactoferrin and the
intracellular delta-lactoferrin. PLoS One. 2014;
9(8): €104563.

11. Hanahan D, Weinberg RA. Hallmarks of cancer:

12.

13.

14.

15.

16.

17.

the next generation. Cell. 2011; 144(5): 646-674.
Lindsey S, Langhans SA. Crosstalk of Onco-
genic Signaling Pathways during Epithelial-
Mesenchymal Transition. Front Oncol. 2014; 4:
358.

Riesewijk AM, Hu L, Schulz U, Tariverdian G,
Hoglund P, Kere J, Ropers HH, Kalscheuer VM.
Monoallelic expression of human PEGI/MEST
is paralleled by parent-specific methylation in
fetuses. Genomics. 1997, 42(2): 236-244.

Vidal AC, Henry NM, Murphy SK, Oneko O,
Nye M, Bartlett JA, Overcash F, Huang Z,
Wang F, Mlay P, Obure J, Smith J, Vasquez B,
Swai B, Hernandez B, Hoyo C. PEG1/MEST and
IGF2 DNA methylation in CIN and in cervical
cancer. Clin Transl Oncol. 2014; 16(3): 266-272.
Pedersen IS, Dervan PA, Broderick D,
Harrison M, Miller N, Delany E, O'Shea D,
Costello P, McGoldrick A, Keating G, Tobin B,
Gorey T, McCann A. Frequent loss of imprinting
of PEG1/MEST in invasive breast cancer. Cancer
Res. 1999; 59(21): 5449-5451.

Moon YS, Park SK, Kim HT, Lee TS, Kim JH,
Choi YS. Imprinting and expression status of
isoforms 1 and 2 of PEG1/MEST gene in uterine
leiomyoma. Gynecol Obstet Invest. 2010; 70(2):
120-125.

Png KJ, Yoshida M, Zhang XH, Shu W, Lee H,
Rimner A, Chan TA, Comen E, Andrade VP,
Kim SW, King TA, Hudis CA, Norton L, Hicks J,
Massagué¢ J, Tavazoie SF. MicroRNA-335
inhibits tumor reinitiation and 1is silenced
through genetic and epigenetic mechanisms in



O. H. Minchenko, D. O. Tsymbal, D. O. Minchenko, O. O. Kubaychuk

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

human breast cancer. Genes Dev. 2011; 25(3):
226-231.

Deng W, Roberts SG. TFIIB and the regulation
of transcription by RNA polymerase II.
Chromosoma. 2007; 116(5): 417-429.

Tan S, Aso T, Conaway RC, Conaway JW. Roles
for both the RAP30 and RAP74 subunits of
transcription factor IIF in transcription initiation
and elongation by RNA polymerase 1. J Biol
Chem. 1994; 269(41): 25684-25691.

Yoon JH, Lee JM, Namkoong SE, Bae SM,
Kim YW, Han SJ, Cho YL, Nam GH, Kim CK,
Seo JS, Ahn WS. cDNA Microarray Analysis
of Gene Expression Profiles Associated with
Cervical Cancer. Cancer Res Treat. 2003; 35(5):
451-459.

Ahn WS, Bae SM, Lee JM, Namkoong SE,
Han SJ, Cho YL, Nam GH, Seo JS, Kim CK,
Kim YW. Searching for pathogenic gene
functions to cervical cancer. Gynecol Oncol.
2004; 93(1): 41-48.

Koumenis C. ER stress, hypoxia tolerance and
tumor progression. Curr Mol Med. 2006; 6(1):
55-69.

Koumenis C, Wouters BG. "Translating" tumor
hypoxia: unfolded protein response (UPR)-
dependent and UPR-independent pathways. Mol
Cancer Res. 2006; 4(7): 423-436.

Vaupel P, Mayer A. Hypoxia in cancer:
significance and impact on clinical outcome.
Cancer Metastasis Rev. 2007; 26(2): 225-239.
Jager R, Bertrand MJ, Gorman AM, Vandena-
beele P, Samali A. The unfolded protein response
at the crossroads of cellular life and death during
endoplasmic reticulum stress. Biol Cell. 2012;
104(5): 259-270.

Bi M, Naczki C, Koritzinsky M, Fels D, Blais J,
Hu N, Harding H, Novoa I, Varia M, Raleigh J,
Scheuner D, Kaufman RJ, Bell J, Ron D,
Wouters BG, Koumenis C. ER stress-regulated
translation increases tolerance to extreme
hypoxia and promotes tumor growth. EMBO J.
2005; 24(19): 3470-3481.

Romero-Ramirez L, Cao H, Nelson D,
Hammond E, Lee AH, Yoshida H, Mori K,
Glimcher LH, Denko NC, Giaccia Al, Le QT,
Koong AC. XBP1 is essential for survival under
hypoxic conditions and is required for tumor
growth. Cancer Res. 2004; 64(17): 5943-5947.
Drogat B, Auguste P, Nguyen DT, Bouche-
careilh M, Pinecau R, Nalbantoglu J, Kauf-

man RJ, Chevet E, Bikfalvi A, Moenner M.
IRE1 signaling is essential for ischemia-induced
vascular endothelial growth factor-A expression
and contributes to angiogenesis and tumor
growth in vivo. Cancer Res. 2007, 67(14): 6700-
6707.

29. Kaur B, Khwaja FW, Severson EA, Matheny SL,

30.

Brat DJ, Van Meir EG. Hypoxia and the hypoxia-
inducible-factor pathway in glioma growth and
angiogenesis. Neuro Oncol. 2005; 7(2): 134-153.
Guo XB, Jing CQ, Li LP, Zhang L, Shi YL,
Wang JS, Liu JL, Li CS. Down-regulation of
miR-622 in gastric cancer promotes cellular
invasion and tumor metastasis by targeting
INGI gene. World J Gastroenterol. 2011; 17(14):
1895-1902.

31. Minchenko OH, Kharkova AP, Minchenko DO,

32.

Karbovskyi LL. Effect of hypoxia on the
expression of genes that encode some IGFBP
and CCN proteins in U87 glioma cells depends
on IREI signaling. Ukr Biochem J. 2015; 87(6):
52-63.

Minchenko OH, Tsymbal DO, Minchenko DO,
Kovalevska OV, Karbovskyi LL, Bikfalvi A.
Inhibition of ERNI signaling enzyme affects
hypoxic regulation of the expression of E2F8,
EPAS1, HOXC6, ATF3, TBX3 and FOXF1
genes in U87 glioma cells. Ukr Biochem J. 2015;
87(2): 76-87.

33. AufG,Jabouille A, Guérit S, Pineau R, Delugin M,

34.

3s.

Bouchecareilh M, Magnin N, Favereaux A,
Maitre M, Gaiser T, von Deimling A,
Czabanka M, Vajkoczy P, Chevet E, Bikfalvi A,
Moenner M. Inositol-requiring enzyme lalpha
is a key regulator of angiogenesis and invasion
in malignant glioma. Proc Natl Acad Sci USA.
2010; 107(35): 15553-15558.

Auf G, Jabouille A, Delugin M, Guérit S,
Pineau R, North S, Platonova N, Maitre M,
Favereaux A, Vajkoczy P, Seno M, Bikfalvi A,
Minchenko D, Minchenko O, Moenner M. High
epiregulin expression in human U87 glioma
cells relies on IREla and promotes autocrine
growth through EGF receptor. BMC Cancer.
2013; 13: 597.

Minchenko OH, Kharkova AP, Bakalets TV,
Kryvdiuk IV. Endoplasmic reticulum stress,
its sensor and signaling systems and the role in
the regulation of gene expressions in malignant
tumor growth and hypoxia. Ukr Biokhim Zhurn.
2013; 85(5): 5-16. (In Ukrainian).

61



ISSN 2409-4943. Ukr. Biochem. J., 2016, Vol. 88, N 6

36. Lenihan CR, Taylor CT. The impact of hypoxia
on cell death pathways. Biochem Soc Trans.
2013; 41(2): 657-663.

37. Chesney J, Clark J, Klarer AC, Imbert-
Fernandez Y, Lane AN, Telang S. Fructose-2,6-
bisphosphate synthesis by 6-phosphofructo-2-
kinase/fructose-2,6-bisphosphatase 4 (PFKFB4)
is required for the glycolytic response to hypoxia
and tumor growth. Oncotarget. 2014; 5(16):
6670-6686.

38. Minchenko DO, Danilovskyi SV, Kryvdiuk IV,
Bakalets TV, Lypova NM, Karbovskyi LL,
Minchenko OH. Inhibition of ERN1 modifies the
hypoxic regulation of the expression of TP53-

62

39.

40.

related genes in U87 glioma cells. Endoplasm
Reticul Stress Dis. 2014; 1(1): 18-26.
Minchenko OH, Tsymbal DO, Minchenko DO,
Moenner M, Kovalevska OV, Lypova NM.
Inhibition of kinase and endoribonuclease
activity of ERNI1/IREla affects expression of
proliferationrelated genes in U87 glioma cells.
Endoplasm Reticul Stress Dis. 2015; 2(1): 18-29.

Denko NC. Hypoxia, HIFl and glucose
metabolism in the solid tumour. Nat Rev Cancer.
2008; 8(9): 705-713.

Received 03.10.2016



