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We have studied the expression of genes encoding proliferation related factors and enzymes such as
IL13RA2, KRT18,CD24, ING1, ING2, MYL9, BET1, TRAPPC3, ENDOG, POLG, TSFM, and MTIF2 in
U87 glioma cells upon glucose and glutamine deprivation in relation to inhibition of inositol requiring
enzyme 1, a central mediator of endoplasmic reticulum stress. It was shown that glutamine deprivation
leads to up-regulation of the expression of BET1, MYL9, and MTIF2 genes and down-regulation of CD24,
ING2, ENDOG, POLG, and TSFM genes in control (with native IRE1) glioma cells. At the same time,
glucose deprivation enhances the expression of MYL9 gene only and decreases — INGI,ING2,and MTIF2
genes in control glioma cells. Thus, effect of glucose and glutamine deprivation on gene expressions in
glioma cells is gene-specific. Inhibition of inositol requiring enzyme 1 by dnIRE1 significantly modifies
the effect of both glutamine and glucose deprivation on the expression of most studied genes with differ-
ent direction and magnitude, especially for ING2, CD24, and MTIF2 genes. Present study demonstrates
that IRE1 knockdown modifies glucose and glutamine deprivation effects on the expression of prolifera-
tion related genes and possibly contributes to slower tumor growth of these glioma cells after inhibition
of IRE1 signaling enzyme.
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Plentiful studies have proven the
connection between endoplasmic reticulum
stress and malignant growth [1-4]. Neoplasms
use signaling pathways of endoplasmic
reticulum stress response to adapt and to
enhance tumor cells proliferation under
unfavorable environmental conditions [56—7].
It is well known that activation of IRE1/ERN1
(inositol requiring enzyme 1/endoplasmic
reticulum to nucleus signaling 1) branch of the
endoplasmic reticulum stress response under
certain circumstances may lead to apoptosis
and to cell death, and suppression of its
function significantly inhibits glioma growth
[8-11]. Glucose and glutamine are substrates
for glycolysis and glutaminolysis. These key
metabolic pathways participate in cell cycle
control at multiple points and thus are of
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importance for tumor progression [12, 13].
The activation of glycolysis and glutaminolysis
in cancer cells depends on two ubiquitin
ligases, which control the transient appearance
and metabolic activity of the glycolysis-
promoting enzyme 6-phosphofructo-2-kinase/
fructose-2,6-bisphosphatase-3 (PFKFB3) and
glutaminase 1 (GLS1), the first enzyme of
glutaminolysis pathway [12].

Gliomas constitute one of the most
aggressive groups of malignant neoplasms with
poor survival prognosis and scarce therapeutic
options. Aberrant vascularization, common in
expanding solid tumors, results in deficiency
of oxygen and nutrients. Glucose shortage
associated with malignant progression
triggers apoptosis through the endoplasmic
reticulum unfolded protein response [14].
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To some extend, a reduced glucose flux may
be causative to endoplasmic reticulum stress
[14]. Thus, a better understanding of effects
of glucose and glutamine deprivations on genes
expression especially in relation to endoplasmic
reticulum stress is required to elaborate
therapeutical strategies of cell sensibilization,
based on the blockade of survival mechanisms
[4, 14-18].

The endoplasmic reticulum is a key
cellular compartment, extremely sensitive
to perturbations of its homeostasis. Such
perturbations, which affect the ER folding
capacity, activate a set of signaling pathways,
named the unfolded protein response. The
latter plays an important role in metabolic
integration [5, 6, 19]. In mammals this
adaptive response is mediated by three
membrane-spanning sensory proteins, among
which IRE1 is the most evolutionary conversed
and an indispensable [1, 6, 7, 11]. The IRE1
enzyme possesses two enzymatic activities:
protein kinase and endoribonuclease.
Recently it was demonstrated, that protein
kinase of IRE1l is responsible not only for
autophosphorylation but also indirectly
controls expression of certain genes through
phosphorylation of heterologous substrates
[7, 20]. The IRE1 endoribonuclease performs
a unique cytosolic splicing of the pre-XBP1
(X-box binding protein 1) mRNA whose mature
transcript encodes a transcription factor,
which stimulates the expression of numerous
unfolded protein response specific genes, and
also is involved in the degradation of a specific
subset of mMRNA and miRNA [21-26].

Tumor growth is tightly associated with
the endoplasmic reticulum stress response
signaling pathways, which are linked to the
cell proliferation and death processes [2, 3, 8].
It is well known that IL13RA2 (interleukin 13
receptor, alpha 2), CD24 (signal transducer
CD24 molecule), KRT18 (keratin 18), ING1
(inhibitor of growth family, member 1),
ING2, ENDOG (endonuclease G) and many
other genes play an important role in the
regulation of numerous metabolic and
proliferative processes as well as control of
tumorigenesis [27—31]. The IL13RA2 gene
is often overexpressed in glioma and other
tumors [27]. CD24 encodes a sialoglycoprotein
that modulates growth and differentiation
signals [29]. The ING1 and ING2 genes encode
tumor suppressor proteins that can induce
cell growth arrest and apoptosis [30, 32].
Furthermore, the ING1 is a nuclear protein
that physically interacts with the tumor
suppressor protein TP53 and is a component

of its signaling pathway. Reduced expression
and rearrangement of this gene have been
detected in various cancers [33, 34]. Moreover,
ING1 protein stabilizes TP53 by inhibiting its
polyubiquitination [35].

Recently was shown that KRT18 (keratin
18) also contributes to decreased malignancy of
non-small cell lung carcinoma and is directly
regulated by EGR1 (early growth response
1) [36]. There is data that the decreased
expression of MYL9 (myosin, light chain 9,
regulatory) may play an important role in
tumor progression of prostate cancer [31].
It is possible that membrane trafficking
proteins BET1 (Bet1 Golgi vesicular membrane
trafficking protein) and BET3/TRAPPC3
(trafficking protein particle complex 3),
which participate in vesicular transport
from the endoplasmic reticulum to the Golgi
complex, also involved in the endoplasmic
reticulum stress responsible transport
of unfolded proteins and tumorigenesis
[837]. The ENDOG, POLG (DNA directed
polymerase gamma), T'SFM (Ts mitochondrial
translational elongation factor), and MTIF2
(mitochondrial translational initiation factor
2) genes encode mitochondrial proteins, which
are related to the control of mitochondrial
genome function as well as to cell proliferation
[38—42]. Moreover, ENDOG regulates an
integral network of apoptotic endonucleases,
which appear to act simultaneously before
and after cell death by destroying the host cell
DNA [38, 43].

The aim of this study was to investigate the
effects of glucose and glutamine deprivation
on the expression of a subset of genes encoding
factors and enzymes (IL13RA2, KRT18,CD24,
INGI1,ING2, MYL9, BET1, BET3/TRAPPCS3,
ENDOG, POLG, TSFM, and MTIF2),
which participate in the regulation of cell
proliferation and apoptosis, in U87 glioma cell
line and its subline with IRE1 loss of function
for evaluation of possible significance of these
genes in the control of tumor growth through
IRE1-mediated endoplasmic reticulum stress
signaling.

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/1) Dulbecco’s modified Eagle’s minimum
essential medium (DMEM; Gibco, Invitrogen,
USA) supplemented with glutamine (2 mM),
10% fetal bovine serum (Equitech-Bio,
Inc., USA), penicillin (100 units/ml; Gibco,
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USA) and streptomycin (0.1 mg/ml; Gibco)
at 37 °C in a 5% CO, incubator. Glucose and
glutamine deprivation conditions were created
by exchanging the complete DMEM medium
in culture plates with DMEM medium lacking
glucose or glutamine. Plates were exposed to
these conditions for 16 h.

In this work we used two sublines of U87
glioma cells. One subline was obtained by
selection of stable transfected clones with
overexpression of vector (pcDNAS3.1), which
was used for creation of dominant-negative
construct (dnIRE1). This untreated subline
of glioma cells was used as control (control
glioma cells) in the study of the effects of
glutamine and glucose deprivations on the
expression level of ILISBRA2, KRT18, CD24,
INGI1,ING2, MYL9, BET1, BET3/TRAPPCS3,
ENDOG, POLG, TSFM, and MTIF2 genes.
Second subline was obtained by selection of
stable transfected clones with overexpression
of dnIRE1 and has suppressed both protein
kinase and endoribonuclease activities of this
bifunctional signaling enzyme of endoplasmic
reticulum stress [20]. Previously was shown
that these cells have low proliferation rate and
do not express XBP1 alternative splice variant,
a key transcription factor in IRE1 signaling,
after induction endoplasmic reticulum stress
by tunicamycin [20, 44]. The expression
levels of the studied genes in these cells upon
glutamine and glucose deprivations were
compared with cells, transfected with vector
(control glioma cells).

RNA isolation

Total RNA was extracted from glioma
cells using Trizol reagent according to
manufacturer protocols (Invitrogen, USA).
The RNA pellets were washed with 75%
ethanol and dissolved in nuclease-free water.
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
synthesis according to manufacturer protocol.
The expression levels of E2F8, EPASI,
HOXC6, TBX3, TBX2, GTF2F2, GTF2B,
MAZ, SNAI2, TCF3, TCF8, and ACTB mRNA
were measured in U87 glioma cells by real-
time quantitative polymerase chain reaction
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(qPCR) using Mx 3000P QPCR (Stratagene,
USA) and Absolute qPCR SYBRGreen Mix
(Thermo Fisher Scientific, ABgene House,
UK). Polymerase chain reaction was performed
in triplicate using specific primers, which were
received from Sigma-Aldrich (USA).

For amplification of IL13RA2 (interleukin
13 receptor, alpha 2) cDNA we used forward
(5'-TCTTGGAAACCTGGCATAGG-3' and
reverse (5'-TCTGATGCCTCCAAATAGGG-3))
primers. The nucleotide sequences of these
primers correspond to sequences 591 — 610
and 742-723 of human ILI3RA2 cDNA
(NM_000640). The size of amplified fragment
is 152 bp. The amplification of KRTI18
(keratin 18, type I) cDNA was performed
using two oligonucleotides primers: forward —
5'-CACAGTCTGCTGAGGTTGGA-3' and
reverse — 5~GAGCTGCTCCATCTGTAGGG-3".
The nucleotide sequences of these primers
correspond to sequences 966 — 985 and 1129 —
1110 of human KRT18 cDNA (NM_000224).
The size of amplified fragment is 164 bp.

The amplification of CD24 (CD24 molecule;
Signal transducer CD24) cDNA was performed
using two oligonucleotides primers: forward —
5'-AACTAATGCCACCACCAAGG-3' and
reverse — 5'-CCTGTTTTTCCTTGCCACAT-3".
The nucleotide sequences of these primers
correspond to sequences 590-609 and 777—
758 of human CD24 ¢cDNA (NM_013230).
The size of amplified fragment is 169 bp. For
amplification of MYL9 (myosin, light chain
9, regulatory), also known as MYRLZ2 (myosin
regulatory light chain 2) cDNA we used forward
(5'-ACCCCACAGACGAATACCTG -3’ and
reverse (5'-~CCGGTACATCTCGTCCACTT-3")
primers. The nucleotide sequences of
these primers correspond to sequences
285-304 and 526—507 of human MYL9 cDNA
(NM_006097). The size of amplified fragment
is 242 bp.

For amplification of ING1 (inhibitor of
growth family, member 1) cDNA we used
forward (5-CCAAGGGCAAGTGGTACTGT-3’
and reverse (5'-CTGCCATCCCTA-
TGAAAGGA-3’') primers. The nucleotide
sequences of these primers correspond to
sequences 1601-1620 and 1845-1826 of
human ING1 cDNA (NM_005537). The
size of amplified fragment is 245 bp. The
amplification of ING2 (inhibitor of growth
family, member 2) cDNA was performed using
two oligonucleotides primers: forward —
5- ACGTCTACAGCAGCTTCTCC-3’' and
reverse — 5'— TGCGGGGTCTTCTTGAAGAT
—3'. The nucleotide sequences of these primers
correspond to sequences 369—388 and 589-570
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of human ING2 cDNA (NM_001564). The size
of amplified fragment is 221 bp.

For amplification of BETI1 (Betl
Golgi vesicular membrane trafficking
protein), ¢cDNA we used forward (5'—
AGAAGTTGGTGTTTCGCTGG-3' and reverse
(5'-AGTTCCCATAGTTGCCAGGA-3")
primers. The nucleotide sequences of these
primers correspond to sequences 49-68 and
214-195 of human BET1 cDNA (NM_005868).
The size of amplified fragment is 166 bp.
The amplification of TRAPPC3 (trafficking
protein particle complex 3), also known
as BET3, cDNA was performed using two
oligonucleotides primers: forward — 5'—
GGCACCGAGAGCAAGAAAAT-3'and reverse —
5'-CCAACATTTGACCGAGCCAA-3".
The nucleotide sequences of these primers
correspond to sequences 158—177 and 333—-314
of human TRAPPC3 cDNA (NM_014408). The
size of amplified fragment is 176 bp.

The amplification of ENDOG (endo-
nuclease G) ¢cDNA was performed using
two oligonucleotides primers: forward —
5'- GTTCTACCTGAGCAACGTCG-3’
and reverse — 5'-TGCCGATGA-
CCTGGTACTTT-3'". The nucleotide sequences
of these primers correspond to sequences
659-678 and 843-824 of human ENDOG
cDNA (NM_004435). The size of amplified
fragment is 185 bp. For amplification
of POLG (DNA directed polymerase
gamma) cDNA we used forward (5'—
GATCTGGCCAATGATGCCTG—-3' and reverse
(5-AAACTCCTCCTCCTCACTGC—-38’) primers.
The nucleotide sequences of these primers
correspond to sequences 1675 — 1694 and 1899
— 1880 of human POLG cDNA (NM_002693).
The size of amplified fragment is 225 bp.

The amplification of TSFM (Ts
Mitochondrial Translational Elongation
Factor) ¢cDNA was performed using two
oligonucleotides primers: forward — 5'—
AAACCTTGAAGACGTTGGCC—-38’ and reverse
— 5'-CTGCCTCTTCACCTTCTCCA -3'.
The nucleotide sequences of these primers
correspond to sequences 798—-817 and 1021—
1002 of human TSFM cDNA (NM_005726).
The size of amplified fragment is 224 bp.
For amplification of MTIF2 (mitochondrial
translational initiation factor 2) cDNA we used
forward (6'-TGTGGAAGAGCACCCAGTAG-3’
and reverse (5'-AGACCACAATCCATTCCCGT
—3') primers. The nucleotide sequences
of these primers correspond to sequences
2167-2186 and 2397-2378 of human MTIF2
cDNA (NM_002453). The size of amplified
fragment is 231 bp.

The amplification of beta-actin (ACTB)
cDNA was performed using forward —
5'- GGACTTCGAGCAAGAGATGG —-3' and
reverse — 5'-AGCACTGTGTTGGCGTACAG-3’
primers. These primer nucleotide sequences
correspond to 747-766 and 980-961 of
human ACTB ¢cDNA (NM_001101). The size of
amplified fragment is 234 bp. The expression
of beta-actin mRNA was used as control of
analyzed RNA quantity.

Quantitative PCR analysis was performed
using “Differential expression calculator”
software. The values of ILISRA2, KRT18,
CD24, ING1, ING2, MYRL2, BETI,
TRAPPC3, ENDOG, POLG, TSFM, MTIF2,
and ACTB gene expressions were normalized
to the expression of beta-actin mRNA and
represented as percent of control (100%).
All values are expressed as mean = SEM
from triplicate measurements performed in 4
independent experiments. The amplified DNA
fragments were also analyzed on a 2% agarose
gel and visualized by SYBR* Safe DNA Gel
Stain (Life Technologies, Carlsbad, CA, USA).
Statistical analysis was performed according
to Student’s test using Excel program as
described previously [45]. All values are
expressed as mean = SEM from triplicate
measurements performed in 4 independent
experiments.

Results and Discussion

To test the effect of glutamine and glucose
deprivations on expression levels of different
genes, strongly related to both positive and
negative control of cell proliferation in relation
to IRE1 signaling enzyme function, we used the
U87 glioma cell sublines, which constitutively
express vector pcDNAS3.1 (control cells) or
dnIRE1 [10, 20]. Fig. 1 demonstrates that
glutamine deprivation affects the expression of
studied genes at mRNA level: up-regulates the
expression of BET1 (+30%), MYL9 (+13%),
and MTIF2 (+18%) genes and down-regulates
of CD24 (—-39%), ING2 (—-35%), ENDOG
(—-836%), POLG (—24%), and TSFM (—-18%)
gene expressions as compared to control glioma
cells growing with glutamine. It is interesting
to note that more prominent changes in the
expression levels were shown for CD24, ING2,
and ENDOG genes as compared to other studied
genes. At the same time, the expression of
IL13RA2,KRT18,INGI,and BET3/TRAPPCS3
genes at mRNA level was resistant to glutamine
deprivation in control glioma cells.

We also analyzed the expression levels
of genes encoded different proliferation
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and apoptosis related factors and enzymes
in glioma cells upon glucose deprivation.
As shown in Fig. 2, glucose deprivation up-
regulates the expression level of MYL9 (+55%)
gene only and down-regulates of ING1 (-14%),
ING2 (-20%), and MTIF2 (-13%) gene
expressions in control glioma cells as compared
to cells growing with glucose. More significant
changes in the expression level of studied genes
were shown for MYL9 gene only. At the same
time, the expression of ILI3BRA2, KRTI1S8,
CD24, BET1, TRAPPC3, ENDOG, POLG, and
TSFM genes at mRNA level was resistant to
glucose deprivation in control glioma cells.

We next studied how inhibition of IRE1
modulates the effect of glutamine and glucose
deprivation on the expression of ILI3RA2,
KRTI18, CD24, ING1, ING2, MYL9, BETI,
TRAPPC3, ENDOG, POLG, TSFM,and MTIF2
genes. As shown in Fig. 3, the expression of
ILI3RA2, KRT18, CD24, MYL9, and POLG
genes is resistant to glutamine deprivation
condition in glioma cells with knockdown
of signaling enzyme IRE1l. However,
the expression of genes encoding INGI1,
ING2, ENDOG, and POLG upon glutamine
deprivation is significantly down-regulated in
glioma cells with IRE1knockdown: for INGI in
2.4 fold, for ING2 in 2.0 fold, and for ENDOG
(-16%). At the same time, the expression
of four studied genes is up-regulated in U87
glioma cells upon this experimental condition
(BET1, TRAPPC3, TSFM, and MTIF2):
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+60% , +23%, +26%, and +96% , respectively
(Fig. 3). Therefore, inhibition of IRE1 completely
abolishes the effect of glutamine deprivation on
the expression CD24, MYL9, and POLG genes.

Results presented in Fig. 4 demonstrate
that inhibition of signaling enzyme IRE1 leads
to significant up-regulation of the expression
of MTIF2 (+62%), MYL9 (+27%), ILI3RA2
(+24%), BET1 (+23%), and TRAPPC3 (+19%)
genes in glioma cells upon glucose deprivation
condition. At the same time, the expression
of four other genes is down-regulated in
U87 glioma cells with IRE1 knockdown upon
glucose deprivation: KRT18 (-13%), CD24
(—-37%), ING1 (—48%), and ING2 (-27%).
However, the expression of genes encoded
ENDOG, TSFM, and POLG is resistant to
glucose deprivation condition in glioma cells
with IRE1 knockdown (Fig. 4).

Fig. 5 contains the results of comparative
study of the sensitivity of IL1I3RA2, CD24,
INGI1, BET1, MTIF2, and BET3 (TRAPPC3)
gene expressions to glutamine deprivation
in two types of glioma cells: control cells and
cells without IRE1 signaling enzyme function.
It was shown that inhibition of IRE1 signaling
enzyme enhances the sensitivity of ILI3RA2,
CD24, ING1, BET1, TRAPPC3, and MTIF2
genes expression to glutamine deprivation
condition in glioma cells. At the same time,
the sensitivity of MYL9 gene expression is
eliminated upon glucose deprivation. As shown
in Fig. 6, the sensitivity of ENDOG and POLG
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Fig. 1. Effect of glutamine deprivation on the expression level of ILIBRA2, KRT18,CD24,ING1,ING2,
MYLY9, BET1, TRAPPC3, ENDOG, POLG, TSFM, and MTIF2 genes in control glioma cell line U87
measured by quantitative PCR:
hereinafter — values of these gene expressions were normalized to beta-actin expression and represented as
percent of control (vector, 100% ); mean = SEM;
n=4;* — P <0.05 as compared to control

30



Experimental articles

180
160 -
140 -
120 -

100 -

R R ]

e

80 -

e

33

60 | |-

SRR

40 -

SRR RN

2 - |

o | el
Control |IL13RA2| KRT18 | CD24

# i
i a3 ] e7e T £
F
Empty vector

BET3 ‘ENDOG‘ POLG | TSFM | MTI

Fig. 2. Effect of glucose deprivation on the expression level of ILIBRA2, KRT18,CD24,ING1,ING2,
MYLY9, BET1, TRAPPC3, ENDOG, POLG, TSFM, and MTIF2 genes in control glioma cell line U87
measured by quantitative PCR
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Fig. 3. Effect of glutamine deprivation on the expression level of ILI3RA2, KRT18,CD24,ING1,ING2,
MYL9, BET1, TRAPPC3, ENDOG, POLG, TSFM, and MTIF2 genes in glioma cells with a deficiency
of the signaling enzyme IRE1 (dnIRE1) measured by quantitative PCR:
hereinafter — both controls is accepted as 100% ; NS — no significant changes

genes expression to glutamine deprivation
condition is significantly decreased upon
inhibition of IRE1 enzyme function. At the
same time, inhibition of IRE1 signaling enzyme
significantly enhances the sensitivity of TSFM
and MTIF genes expression in glioma cells to
glutamine deprivation condition (Fig. 6).

We have also investigated the effect
of inhibition of IRE1 signaling enzyme on
sensitivity of ILI3RA2, CD24, ING1, MYLY,
BET1, and MTIF2 genes expression in glioma
cells to glucose deprivation. As shown in

Fig. 7, the sensitivity of ILI3RA2, CD24,
INGI1, BET1, and MTIF2 genes expression to
glucose deprivation condition is significantly
increased by inhibition of IRE1l enzyme
function, but the sensitivity of MYL9 gene
expression is decreased. Furthermore,
inhibition of IRE1 signaling enzyme does not
change the effect of glutamine deprivation on
the expression ILI3RA2 gene (Fig. 1 and 3)
and the effect of glucose deprivation on the
expression KRT18, ENDOG, and POLG genes
(Fig. 2 and 4) in glioma cells.
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Fig. 4. Effect of glucose deprivation on the expression level of ILI3RA2, KRT18,CD24,ING1,ING2,
MYL9, BET1, TRAPPC3, ENDOG, POLG, TSFM, and MTIF2 genes in glioma cells with a deficiency of the
signaling enzyme IRE1 (dnIRE1) measured by quantitative PCR
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Fig. 5. Comparative effect of glutamine deprivation on the expression of level of ILI3RA2,
KRTI18,CD24,ING1,ING2, BET1, and BET3 (TRAPPC3) genes in two types of glioma cells:
control cells transfected by vector (Vector) and cells with a deficiency of the signaling enzyme

IRE1 (dnIRE1) measured by quantitative PCR

Results of this study clearly demonstrated
that the expression levels of almost all studied
genes encoding proliferation-related factors
and enzymes are affected by glutamine and
glucose deprivation and inhibition of IRE1
modified sensitivity of these gene expressions
to both glutamine and glucose deprivations.
Our results are consistent with data that
glycolysis and glutaminolysis are related
to the control of cell proliferation through
regulation of cell cycle and tumor suppressor
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genes [12, 46, 47]. Recently, we have shown
that genes encoded insulin-like growth factor
binding proteins are strongly dependent
on the endoplasmic reticulum stress and
particularly on its IRE1 signaling pathway,
because inhibition of IRE1l, especially its
endoribonuclease activity, significantly affects
expression of these genes, and that inhibition
of IRE1 modifies sensitivity of insulin-like
growth factor binding protein genes expression
to glucose deprivation [48, 49].
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Fig. 6. Comparative effect of glutamine deprivation on the expression level of ENDOG, POLG, TSFM,
and MTIF2 genes in two types of glioma cells: control cells transfected by vector (Vector) and cells
with a deficiency of the signaling enzyme IRE1 (dnIRE1) measured by quantitative PCR
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Fig. 7. Comparative effect of glucose deprivation on the expression level of ILI3RA2,CD24,ING1, MYL9,
BET1, and MTIF?2 genes in two types of glioma cells: control cells transfected by vector (Vector)
and cells with a deficiency of the signaling enzyme IRE1 (dnIRE1) measured by quantitative PCR

In this study we have shown that glutamine
deprivation down-regulates the expression
level of an anti-proliferative CD24 gene and
that inhibition of IRE1 signaling enzyme
function in U87 glioma cells eliminates
this effect and that these results correlate
with a suppression of cell proliferation by
IRE1 inhibition [10]. At the same time, the
expression level of this gene is resistant
to glucose deprivation in control glioma
cells, but inhibition of IRE1l introduces
sensitivity of CD24 gene expression to glucose

deprivation. Thus, our results argue with
data from Colombo et al. [12], who show that
glucose and glutamine are required for tumor
progression through cell cycle control and that
deprivation of these substrates of glycolysis
and glutaminolysis have opposite effect.
Moreover, effects of glucose and glutamine
deprivation conditions on the expression of
genes studied in this work are gene-specific
and are similar for ING2 and MYL9 genes and
different for many other genes (CD24, INGI,
BETI1, ENDOG, POLG, TSFM, and MTIF2.
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In general, our results are consistent with
data that glycolysis and glutaminolysis are
related to the control of cell proliferation
through regulation of genes controlling cell
proliferation and tumor suppressor genes.
Inhibition of IRE1l, a central mediator of
endoplasmic reticulum stress response,
preferentially modified sensitivity of these
gene expressions to glutamine and glucose
deprivations and possibly contributes to
slower glioma growth. However, molecular
mechanisms of the regulation of these genes
by glutamine and glucose deprivation through
the endoplasmic reticulum stress response
pathways are complex and warrant further
investigation for clarification the role of
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IMPUTHIYEHHSA 3AJIESKHOI'O BIJT
IHO3UTOJIY EH3UMY-1 3MIHIOE BIIJINB
NTE®DIIUTY TJIIOKO3HU TA TJIYTAMIHY
HA PIBEHB EKCIIPECII BIJIBIIIOCTI
T'EHIB, IO KOHTPOJIIOIOTH ITPOITECH
IIPOJII®EPAIIIL, ¥ KJIITHHAX I'JIIOMA
JITHIT U87

I1. 0. ITumGan®, IT. 0. Minuenro 2,
0. 0. Pa6oson', 0. 0. Pamywna®,
O.T. Minuenxo

lIHC’I‘I/ITYT 6ioximii im. O. B. IMTamnanina HAHY,
Kuis
*HamjionanbHuil MegUUHNII yHiBepcureT
im. O. O. Boromoabisa, Kuis

E-mail: ominchenko@yahoo.com

MeToio po6oTu 6yJI0 BUBUEHHSA eKcIpecii re-
HiB, III0 KOAYIOTH (haKTOPU Ta €H3UMU, AKi CTOCY-
I0ThedA mposideparrii, sokpema IL13RA2, KRT18,
CD24, ING1, ING2, MYL9, BET1, TRAPPCS3,
ENDOG, POLG, TSFM ta MTIF2, y KiiTunax
ruriomu JiHii U87 3a yMOB medimury rioKosu ta
rayrtamMiny saje)kHo Big npurHiuemua IRE1 —
IeHTPaJbLHOTO MeJiaTopa CTpecy eHIOoIJIa3Ma-
TUYHOTO PETUKYJIyMy. BcTaHOBIE€HO, IIIO 32 YMOB
nedinuTy rIyTaMiHy CIIOCTepiraeThes IIOCUIEHHS
excrpecii reais BET1, MYL9 ra MTIF i 3Hu:KeH-
Hsa ekcupecii renis CD24, ING2, ENDOG, POLG
Ta TSFM y KOHTPOJBHUX KJIiTHHAX TyioMu (3
matuBHuM IRE1l). Boguouac 3a ymoB gedinuty
TJII0OKO3U 3pOCTae piBeHb eKcupecii rema MYL9 i
3MeHIIyeTbcA piBeHb reuiB ING1,ING2 ta MTIF
Y KOHTPOJBbHUX KJIiTHUHAX riaiomu. TakuM YuHOM,
edekT nedinuTy rIOKO3M i TIIyTaMiHy Ha eKcIpe-
ciio reHiB y KJIiTHUHAaX riaioMu € reHocuenudiu-
uum. [Ipuraivenns IRE1 3a gomomoroo dnIRE1
CYTTEBO 3MiHIOE BIJINB Ae(iluTy IJII0OK03M i TUIy-
TaMiHy Ha eKCIIPecio 6iJIbIIOCTi JOCTiI;KeHuX Tre-
HiB, OJHAK IIO-Pi3HOMY 3a HAIPSIMKOM i BeJIHUUu-
HOIO, 0c00uBO mJis rediB ING2, CD24 tra MTIF.
IIpomemMoHCTPOBAaHO, IO €KCIpecia reHiB, aAKi
CTOCYIOThCA IIpoJideparlrii, BMiHIOETHCA 32 YMOB
medimuTy rIIIOKO3U Ta IJIyTaMiHY 3aJIe)KHO BiT
dyukii IRE1 i, MOKI1MBO, 3yMOBJIIOE 3HNUKEHHS
iHTeHCUBHOCTI POCTY NYXJIMH ITiCJIsI IPUTHIUEHHSI
IIbOTO EH3UMY.

Knarmouosi cnosa: excupecisa reuiB, moB’s3aHuX 3
npouigeparieio, npurmivenuns IRE1l, gedimur
TJIIOKO3U Ta TJIyTaMiHy, KJIiTUHU IJIioMH.

YTHETEHUE 3ABUCHMOTI'O OT
NMHO3HUTOJA 9H3UMA-1 USBMEHAET
BJIUAHUE JEOUIINTA I''IlOTAMUHA "
I'’TIORO3bI HA YPOBEHD O9KCITPECCHUH
BOJIBIINHCTBA IT'EHOB, KOTOPLIE
KOHTPOJIHUPYIOT ITPOIIECCHI
INPOJIUPEPAIINHN B RJIETKAX I''IMOMBI
JINMHUU U7

I1. 0. ITum6Gant, 1T. 0. Munuenkxo® 2,
0. 0. Padosox®, 0. 0. Pamywna’,
O.T. Munuenrxo®

1I/IHc'l‘I/I'l‘yT ouoxumuu uM. A. B. ITannaguua
HAH Vkpaunsi, Kues
2HauH0HaJILHHI‘/’I MEeIUIMHCKUHA YHUBEPCUTET
uM. A. A. Boromoasna, Kues

E-mail: ominchenko@yahoo.com

ITennsio paboThI OBLIO U3YUEHUE IKCIIPECCUU
TeHOB, KOTUPYIOMNX (PAKTOPHI U 9H3UMBbI, TMEIO-
IIre OTHOINIeHUWe K mpoaudepanu, B YaCTHOCTHU
IL13RA2, KRT18, CD24, INGI1, ING2, MYLY,
BETI1, TRAPPC3, ENDOG, POLG, TSFM n
MTIF2, B xnerkax rauombl auauu U8T mpu ge-
¢uuTe TI0KO3bI U TJIIOTAMUHA B 3aBUCUMOCTU
ot yraeternuda IRE1 — meHTpaJlbHOTO MequaTo-
pa cTpecca SHIOIIa3MaTUUECKOTO PETUKYJIyMa.
YcTanoBiIeHO, UTO TpU Ae@UIIUTE TJIIOTAMUHA
oTMeuaeTcs ycujeHue sxcupeccuu reHos CD24,
ING2, ENDOG, POLG u TSFM n cHu:XeHUe dKC-
npeccuu reaoB CD24, ING2, ENDOG, POLG u
TSFM B KOHTPOJBHBIX KJIETKaX I'JIMOMBI (C Ha-
TuBHBIM IRE1). B To :Ke BpeMmsa npu meduiiure
TJIIOKO3BI MIPOUCXOAUT yBeJIUUeHNe YPOBHA dKC-
npeccuu reia MYL9 u cHuKaeTcss YPOBEHb 9KC-
npeccuu redoB ING1, ING2 u MTIF B KOHTPOJIb-
HBIX KJeTKaX rauoMbl. Takum o6pasom, shPeKT
IeduIuTa rJII0K035I U TJII0OTAMUHA Ha 9KCIIPECCUI0
TeHOB B KJIETKaX TJIMOMBI ABJSETCSA TeHOCIIeIH-
puueckum. Yraereraue IRE1 ¢ momomisio dnIRE1
CYIIIECTBEHHO M3MEHsAET BINAHUE Ne(UINTA IJI0-
KO3BI M IJII0OTAMWHA Ha SKCIPECCUI0 OOJBIITNH-
CTBa HCCJEeJOBAHHBIX T'€HOB, HO II0-PAa3HOMY II0
HAIIPaBJIEHUIO 1 BeJINUYNHE, OCOOEHHO IJIs TeHOB
ING2, CD24 u MTIF. IlponeMOHCTPUPOBAHO,
YTO BKCIIPECCUA T€HOB, UMEIOIINX OTHOIIEeHUE K
npoaudepanum, u3MeHAETCA IPU Ae(UIUTe TJI0-
KO3bI U IVIIOTaMUHA B 3aBUCUMOCTHU OT (DYHKIIUU
IRE1 1, BO3MOKHO, 00yCJIOBJIMBAET B CHUKEHIIE
VHTEHCUBHOCTH POCTA OMYyXO0JIeH mocie YTHeTeHU
IREL.

Kniouesvle cnoea: sxcupeccus TeHOB, CBSA3aH-
HBIX ¢ npoaudepanueii, yraereaue IRE1, nedu-
IUT TJIIOKO3bI, NeuuuT IITaMUHA, KJIETKU
TJILOMBEI.

37





