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We have studied hypoxic regulation of the expression of genes encoded GADD (growth arrest and DNA
damage) family proteins in U87 glioma cells in relation to inhibition of IREI (inositol requiring enzyme-1),
which controls cell proliferation and tumor growth as a central mediator of endoplasmic reticulum stress.
We have shown that hypoxia up-regulates the expression of GADD34, GADD45A4, GADD45B, and GADDI153
genes, which are related to cell proliferation and apoptosis, in control (transfected by empty vector) glioma
cells in gene specific manner. At the same time, the expression level of EIF2AKI (eukaryotic translation ini-
tiation factor 2-alpha kinase 1) and AIFMI1 (apoptosis inducing factor, mitochondria associated 1) genes in
these cells is down-regulated upon hypoxic condition. It was also shown that inhibition of IREI signaling en-
zyme function in US7 glioma cells enhances the effect of hypoxia on these genes expression, except EIF2AKI
and AIFM1 genes. Furthermore, the expression of all studied genes in IREI1 knockdown cells is significantly
decreased upon normoxic condition, except GADD45B gene, which expression level is strongly up-regulated.
Therefore, the expression level of genes encoding GADD34, GADD454, GADD45B, GADDI153, EIF2AK]1, and
AIFM1 is affected by hypoxia and by inhibition of IREI-mediated endoplasmic reticulum stress signaling in
gene specific manner and correlates with suppression of glioma cell proliferation upon inhibition of the IREI
enzyme function.
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ndoplasmic reticulum stress and hypoxia
E are necessary components of malignant tu-

mors growth [1-3]. Moreover, the endoplas-
mic reticulum stress response IREI/ERNI (inositol
requiring enzyme 1/from endoplasmic reticulum to
nucleus signaling 1) signalling pathway is linked
to the apoptosis and cell death processes and sup-
pression of its function significantly decreases the
glioma growth [4, 5]. Malignant gliomas are highly
aggressive tumors and are characterized by marked
angiogenesis, extensive tumor cell invasion into the
normal brain parenchyma and to date there is no ef-
ficient treatment available. The very poor prognosis
and the moderate efficacy of conventional clinical
approaches therefore underline the need for new
therapeutic strategies.

Hypoxia is associated to glioma development
and locally induces an adaptive response which con-
fers to tumor cells an enhanced survival and a more
agressive behaviour. A better knowledge of tumor

responses to hypoxia is required to elaborate thera-
peutical strategies of cell sensibilization, based on
the blockade of survival mechanisms [6, 7]. The en-
doplasmic reticulum is a key organelle in the cellular
response to hypoxia, ischemia, and some chemicals
which activate a complex set of signaling pathways
named the unfolded protein response. This adaptive
response is activated upon the accumulation of mis-
folded proteins in the endoplasmic reticulum and is
mediated by three endoplasmic reticulum-resident
sensors named IRE1, PERK (PRK-like endoplasmic
reticulum kinase), and ATF6 (activating transcrip-
tion factor 6); however, IRE is the dominant sensor
of the unfolded protein response to the accumulation
of misfolded proteins and represents a key regulator
of life and death processes [1, 8, 9]. Misfolded pro-
teins in the endoplasmic reticulum lumen activate
two distinct catalytic domains of IRE1, which dis-
play serine/threonine trans-autophosphorylation and
endoribonuclease activities, respectively. IRE1-asso-
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ciated endoribonuclease activity is involved in the
degradation of a specific subset of mRNA and also
initiates the cytosolic splicing of the pre-XBP1 (X-
box binding protein 1) mRNA whose mature tran-
script encodes a transcription factor that stimulates
the expression of unfolded protein response specific
genes [2, 10].

Growth arrest and DNA damage (GADD34)
represents the stress-inducible regulatory subunit
15A of protein phosphatase 1 (PPP1R15A), which
dephosphorylates the translation initiation factor elF-
2A/EIF2S1, thereby reversing the shut-off of protein
synthesis initiated by stress-inducible kinases and
facilitating recovery of cells from stress [11, 12]. In
the integrated stress response, phosphorylation of
elF2a (elF2a-P) reduces protein synthesis to con-
serve resources and facilitate preferential translation
of transcripts that promote stress adaptation [13].
GADD34 can promote apoptosis by inducing TP53
phosphorylation and other mechanisms [14, 15].
The GADD45A gene is responded to environmen-
tal stresses by mediating activation of the p38/JNK
pathway and has both tumor suppressor and tumor
promoter functions, dependent on the tissue/cell type
[16-18]. The GADD45B represents negative growth
regulatory protein MyD118, which is involved in the
regulation of growth and apoptosis and may block
proliferation, survival, and tumorigenesis [19].

The GADDI153, also known as DDIT3 (DNA
damage-inducible transcript 3), is a member of the
CCAAT/enhancer-binding protein (C/EBP) family
of transcription factors (CHOP) and is activated by
endoplasmic reticulum stress in carcinomas [20]. It
plays an important role in the regulation of prolife-
ration and promotes endoplasmic reticulum stress-
mediated apoptosis through affecting the expression
of TNFRSF10A and TNFRSF10B in human lung can-
cer cells [21, 22]. Moreover, phosphorylation of EIF2
enhances GADDI153/CHOP translation [23].

Eukaryotic translation initiation factor 2-alpha
kinase 1 (EIF2AK1), an heme-controlled repressor,
acts at the level of translation initiation to down-
regulate protein synthesis in response to various
stress conditions, including endoplasmic reticulum
stress through the phosphorylation of EIF2S1, thus
preventing its recycling. Moreover, the expression of
EIF24K]1 gene is increased in glioblastoma multi-
forme and controlled by subset of miRNAs and vi-
mentin [24, 25]. Mitochondria associated apoptosis
inducing factor 1 (AIFM1) participates in the regula-
tion of apoptosis and tumor growth via activation of
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JNK [26, 27]. Its level in carcinomas is significantly
higher than in normal tissues [26].

The aim of this study was investigation the
effect of hypoxia on the expression of GADD34,
GADD454, GADD45B, GADDI53, and EIF2AK]I
genes, which related to cell proliferation and apopto-
sis, in glioma cells in relation to inhibition of signa-
ling enzyme IREI.

Materials and Methods

Cell lines and culture conditions. The glioma
cell line U87 was obtained from ATCC (USA) and
grown in high glucose (4.5 g/I) Dulbecco’s modi-
fied Eagle’s minimum essential medium (DMEM;
Gibco, Invitrogen, USA) supplemented with glu-
tamine (2 mM), 10% fetal bovine serum (Equitech-
Bio, Inc., USA), penicillin (100 units/ml; Gibco) and
streptomycin (0.1 mg/ml; Gibco) at 37 °C in a 5%
CO, incubator. In this work we used two sublines
of this glioma cell line. One subline was obtained
by selection of stable transfected clones with overex-
pression of vector (pcDNA3.1), which was used for
creation of dominant-negative constructs (dnIRE1).
This untreated subline of glioma cells (control glio-
ma cells) was used as control 1 in the study of ef-
fects of hypoxia on the expression level of GADD34,
GADD454, GADD45B, GADDI153, EIF24AK1, and
AIFM]I genes. Second subline was obtained by selec-
tion of stable transfected clones with overexpression
of dnIREI and has suppressed both protein kinase
and endoribonuclease activities of this bifunctional
sensing and signaling enzyme of endoplasmic re-
ticulum stress. The expression level of studied genes
in these cells was compared with cells, transfected
by vector (control 1), but subline which overexpress
dnIRE1 was also used as control 2 for investigation
the effect of hypoxia condition on the expression
level of these genes under blockade IRE1 function.
Clones were received by selection at 0.8 mg/ml ge-
neticin (G418) and grown in the presence of this an-
tibiotic at lower concentration (0.4 mg/ml).

Hypoxic condition was created in special incu-
bator with 3% oxygen and 5% carbon dioxide levels;
culture plates with complete DMEM were exposed
to these conditions for 16 hrs.

The suppression level of IRE1 both enzymatic
activity in glioma cells that overexpress a dominant-
negative construct of inositol requiring enzyme-1
was estimated by determining the expression level of
XBP1 alternative splice variant (XBP1s), a key tran-
scription factor in IRE1 signaling, using cells treated
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by tunicamycin (0.01 mg/ml during 2 h), which spe-
cifically induces the unfolded protein response and is
generally used as an experimental tool for this aim.
It represents a mixture of homologous nucleoside
antibiotics that inhibits the N-linked glycosylation
and causes cell cycle arrest in G1 phase. As shown
in Fig. 1, treatment of control (transfected by vec-
tor) glioma U87 cells with tunicamycin leads to the
formation of an alternative splice variant of XBP1
while in cells transfected by dnIRE1 the alternative
splicing of XBP1 is completely blocked.

Moreover, the proliferation rate of glioma cells
with mutated IREI] is decreased in 2 fold [28]. Thus,
the blockade of both kinase and endoribonuclease
activity of signaling enzyme IRE1 has significant ef-
fect on proliferation rate of glioma cells.

RNA isolation. Total RNA was extracted from
glioma cells as previously described [29]. The RNA
pellets were washed with 75% ethanol and dissolved
in nuclease-free water. For additional purification
RNA samples were re-precipitated with 95% etha-
nol 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 (QIA-
GEN, Hilden, Germany) was used for cDNA synthe-
sis as described previously [28]. The expression level
of GADD34, GADD45A, GADD45B, GADDI153,
and EIF2AK1 mRNA were measured in glioma cell
line U87 and its subline (clone 1C5) by real-time
quantitative polymerase chain reaction using “Mx
3000P QPCR” (Stratagene, USA) or “7900 HT Fast
Real-Time PCR System” (Applied Biosystems) and
Absolute qPCR SYBRGreen Mix (Thermo Fisher
Scientific, ABgene House, Epsom, Surrey, UK).
Polymerase chain reaction was performed in tripli-
cate.

For amplification of the growth arrest and
DNA-damage-inducible 34 (GADD34) also known
as regulatory subunit 15A of protein phosphatase 1
(PPP1R15A) cDNA we used next primers: forward
5-GAATCAAGCCACGGAGGATA-3' and reverse
5'-CAGGGAGGACACTCAGCTTC-3". The nucleo-
tide sequences of these primers correspond to se-
quences 953-972 and 1261-1242 of human GADD34
cDNA (GenBank accession number NM_014330).
The size of amplified fragment is 309 bp.

The amplification of cDNA of the growth ar-
rest and DNA-damage-inducible 45A (GADD45A)

us7 Us7

dnIiRE1 control dnIRE1

Tunicamycin - + - +
/XBP1

= ~~ XBP1s
Fig. 1. Effect of tunicamycin (0.01 mg/ml — 2 h) on
the mRNA level of transcription factor XBPI and
its alternative splice variant (XBPls) in U87 glio-
ma cells stable transfected with empty vector (U87
control) and dnIREIl (U87 dnIREI) measured by
reverse-transcriptase-mediated PCR analysis

also known as DNA damage-inducible transcript-1
(DDIT1) was performed using forward primer (5'—
CAGCTTCGGAACAAGAGACC-3') and reverse
primer (5'-GTCCGATGATTCCTGCTGAT-3").
These oligonucleotides correspond to sequences
364 — 383 and 656—637 of human GADD45A cDNA
(GenBank accession number NM_002392). The size
of amplified fragment is 293 bp.

For amplification of the growth arrest and
DNA-damage-inducible 153 (GADDI53) also known
as DNA damage-inducible transcript-3 (DDIT3)
and CCAAT/enhancer-binding protein homolo-
gous protein (CHOP) cDNA we used forward 5'—
AGCCAAAATCAGAGCTGGAA-3' and reverse
5'-TGTGACCTCTGCTGGTTCTG-3" primers.
The nucleotide sequences of these primers corre-
spond to sequences 128—147 and 462—443 of hu-
man GADDI153 cDNA (GenBank accession number
NM 004083). The size of amplified fragment is
229 bp.

The amplification of the growth arrest and
DNA-damage-inducible 45B (GADD45B) also
known as Negative Growth Regulatory Protein
MyD118 (MYDI118) ¢cDNA for real time RCR
analysis was performed using two oligonucleo-
tides primers: forward — 5-ACGAGGACGAC-
GACAGAGAT-3' and reverse — 5-TCCCG-
GCAAAAACAAATAAG-3". The nucleotide
sequences of these primers correspond to sequences
503-522 and 764-745 of human GADD45B cDNA
(GenBank accession number NM_001924). The size
of amplified fragment is 262 bp.

For amplification of the eukaryotic transla-
tion initiation factor 2-alpha kinase 1 (EIF2AKI)
also known as heme-controlled repressor or heme-
regulated inhibitor (HRI) cDNA we used forward

'"“"AGACAGAGGCACAGTACCAC-3" and reverse
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S'-TTACTTGCTGATCAGGGCCA-3' primers.
The nucleotide sequences of these primers corre-
spond to sequences 1258—1277 and 1518-1499 of
human GADDI153 cDNA (GenBank accession num-
ber NM_014413). The size of amplified fragment is
261 bp.

The amplification of the apoptosis inducing
mitochondria associated factor 1 (AIFM1) cDNA
into real time RCR analysis was performed using
two oligonucleotides primers: forward — 5'—CC-
CAATGTTGAGTTGGCCAA-3' and reverse — 5'—
AGCGTGATCATGGTGCTCTA-3". The nucleotide
sequences of these primers correspond to sequences
1435-1454 and 1605-1586 of human AIFM1 cDNA
(GenBank accession number NM_004208). The size
of amplified fragment is 171 bp.

For amplification of beta-actin (ACTB) cDNA
was used forward — 5-GGACTTCGAGCAAGA-
GATGG-3' and reverse — 5~AGCACTGTGTTG-
GCGTACAG-3' primers. These primers nucleotide
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 beta-actin mRNA was
used as control of analyzed RNA quantity. The
primers were received from “Sigma-Aldrich” (St.
Louis, MO, USA).

Quality of amplification products were ana-
lyzed by melting curves and by agarose electrophore-
sis. An analysis of quantitative PCR was performed
using special computer program ‘“Differential
expression calculator”. The values of GADD34,
GADD45A, GADD45B, GADDI153, EIF2AK1 and
AIFM1 mRNA expressions were normalized to the
expression of beta-actin mRNA and represented as
percent of control 1 (100%).

Statistical analysis. All values are expressed
as mean + SEM from triplicate measurements per-
formed in 4 independent experiments. Statistical
analysis was performed according to Student's t-test
using Excel program as described previously [30].

Results and Discussion

We have studied the effect of hypoxia on the
expression of GADD34, GADD454, GADD45B,
GADDIS53, and EIF2AK]I genes in two sublines of
U87 glioma cells in relation to inhibition of IRE1
signaling enzyme, which is a major component of
endoplasmic reticulum stress. It was shown that
in control glioma cells (transfected by empty vec-
tor) hypoxia strongly up-regulates the expression of
GADD34/PPPIR15A gene (+278%; Fig. 2).
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Furthermore, the expression of this gene is
also increased by hypoxia (+339%) in cells without
functional activity of signaling enzyme IRE1, being
slightly more significant than in control glioma cells.
As shown in Fig. 2, inhibition of IRE1 enzyme func-
tion in U87 glioma cells by dnIREI leads to signifi-
cant down-regulation of GADD34 gene expression
(-64%). Thus, hypoxia and inhibition of IRE1 have
opposite effects on the expression of GADD34/PP-
PIR154 gene in U87 glioma cells.

As shown in Fig. 3, the expression level of
GADD45A4 gene is increased in control glioma cells
treated by hypoxia (+26%), but in glioma cells with
suppressed activity of IRE1 signaling enzyme effect
of hypoxia on the expression level of this gene was
more significant (+85%). Furthermore, the expres-
sion of this gene is decreased (-54%) in cells with-
out functional activity of signaling enzyme IRE1
as compared to control glioma cells (Fig. 3). Thus,
hypoxia and inhibition of IRE1 have also opposite
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Fig. 2. Effect of hypoxia (3% oxygen — 16 h) on the
expression level of GADD34/PPPIRI5A mRNA in
control U87 glioma cells stable transfected with
vector (Vector) and cells without signaling enzyme
IREI function (dnlREI) measured by qPCR. Values
of GADD34 mRNA expressions were normalized to
beta-actin mRNA expression and represented as
percent of control 1 (100%); n = 4
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Fig. 3. Effect of hypoxia (3% oxygen — 16 h) on the
expression level of GADD454/DDITI mRNA in con-
trol U87 glioma cells stable transfected with vector
(Vector) and cells without signaling enzyme IREI
function (dnIREI) measured by qPCR. Values of
GADD454 mRNA expressions were normalized to
beta-actin mRNA expression and represented as
percent of control 1 (100%); n = 4

effects on the expression of GADD454A/DDITI gene
in U87 glioma cells.

It was also shown that in glioma cells transfec-
ted by empty vector (control cells) hypoxia strongly
up-regulates the expression of GADD45B/MYDI118
gene (+233%), but in cells, where signaling enzyme
IRE!1 activity was inhibited by dnIREIl, effect of hy-
poxia on the expression of this gene was significantly
lesser (+44%) than in control glioma cells (Fig 4). As
also shown in this figure, inhibition of IREl enzyme
function in U87 glioma cells by dnIREI1 leads to sig-
nificant up-regulation of GADD45B gene expression
(+78%) as compared to control glioma cells. Thus,
both hypoxia and inhibition of IREI significantly
increase the expression of GADD45B gene in U87
glioma cells.

We also investigated the effect of hypoxia on
the expression of GADDI153/CHOP gene in two sub-
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Fig. 4. Effect of hypoxia (3% oxygen — 16 h) on the
expression level of GADD45B/MYDI1I8 mRNA in
control U87 glioma cells stable transfected with
vector (Vector) and cells without function of signaling
enzyme IRE] (dnIREI) measured by qPCR. Values
of GADD45B mRNA expressions were normalized
to beta-actin mRNA expression and represented as
percent of control 1 (100%); n = 4

lines of U87 glioma cells in relation to inhibition of
IREI signaling enzyme. As shown in Fig. 5, hypoxia
strongly increases the expression level of GADDI53
gene (+91%) in control glioma cells (transfected by
empty vector). Moreover, the expression of this gene
in cells without functional activity of signaling en-
zyme IREI1 is also increased by hypoxia (+236%),
being more significant than in control glioma cells
(+91%). We have also shown that in normoxic condi-
tion inhibition of IRE1 enzyme function by dnIRE1
leads to significant down-regulation of GADDI35
gene expression (-89%) in U87 glioma cells (Fig. 5).
Thus, hypoxia and inhibition of IRE1 have opposite
effects on the expression of GADDI35/CHOP gene
in U87 glioma cells.

At the same time, the expression level of
EIF24K1 gene is strongly (-59%) down-regulated
by hypoxia in control U87 glioma cells as com-
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Fig. 5. Effect of hypoxia (3% oxygen — 16 h) on
the expression level of GADDI53/DDIT3/CHOP
mRNA in control US87 glioma cells stable trans-
fected with vector (Vector) and cells without func-
tion of signaling enzyme IREI (dnIREI) measured
by qPCR. Values of GADDI153 mRNA expressions
were normalized to f-actin mRNA expression and
represented as percent of control 1 (100%); n = 4

pared to control 1 (Fig. 6). Moreover, hypoxia also
down-regulates the expression of this gene (-51%)
in cells with IRE1 knockdown, being slightly more
significant in control glioma cells. Investigation of
EIF24K]1 gene expression in U87 glioma cells shown
that inhibition of IREI signaling enzyme function
by dnIREl leads to significant down-regulation
(-51%) of this gene expression in normoxic condition
(Fig. 6). Thus, hypoxia and inhibition of IRE1 have
unidirectional and approximately similar effects on
the expression of EIF2AK1 gene in U87 glioma cells.

The expression level of apoptosis inducing
mitochondria associated factor 1 (4/FMI) gene is
significantly (-45%) down-regulated by hypoxia in
control glioma cells as compared to control 1 cells
(Fig. 7). Furthermore, hypoxia also decreases the
expression level of this gene (-34%) in cells with in-
hibited IRE1 signaling enzyme function. Therefore,
inhibition of IRE1 slightly decreases the effect of
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hypoxia on the expression of AIFMI gene in U87
glioma cells. Moreover, investigation of AIFM1 gene
expression shown that inhibition of IRE1 signaling
enzyme function in glioma cells by dnIREI1 leads
to significant down-regulation (-56%) of this gene
expression in normoxic condition (Fig. 7). Thus, hy-
poxia and inhibition of IRE1 have unidirectional and
approximately similar effects on the expression of
AIFM]I gene in U87 glioma cells.

In this study we have shown that hypoxia
strongly affects the expression level of most studied
growth arrest and DNA damage gene family as well
as EIF24AK]1 and AIFMI genes in U87 glioma cells
and that inhibition of IRE1 signaling enzyme func-
tion preferentially modifies the effect of hypoxia on
the expression level of these genes in gene specific
manner like many other previously studied genes
[28, 31-33]. Therefore, hypoxia increases the ex-
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Fig. 6. Effect of hypoxia (3% oxygen — 16 h) on the
expression level of EIF2AKI/HRI mRNA in control
US87 glioma cells stable transfected with vector
(Vector) and cells without function of signaling
enzyme IRE] (dnIREI) measured by qPCR. Values
of EIF2AKI mRNA expressions were normalized
to B-actin mRNA expression and represented as
percent of control 1 (100%); n = 4
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Fig. 7. Effect of hypoxia (3% oxygen — 16 h) on the
expression level of AIFMI mRNA in control U87
glioma cells stable transfected with empty vector
(Vector) and cells without function of signaling en-
zyme IREI (dnIREI) measured by qPCR. Values of
AIFM1 mRNA expressions were normalized to beta-
actin mRNA expression and represented as percent

of control 1 (100%); n = 4

pression of GADD33, GADD454, GADD45B, and
GADDI53 genes but decreased EIF2AK] and AIFM1
genes. Most of these genes (GADD33, GADD454,
and GADDI53) have pro-proliferative properties
and they enhanced expression upon hypoxic condi-
tion correlates with data that hypoxia is associated
to tumor progression [6, 7, 34-36]. Moreover, inhibi-
tion of IRE1 signaling enzyme function suppresses
glioma cell proliferation and growth [4, 37] and sig-
nificantly decreases the expression level of GADD33,
GADD454, and GADDI53 genes. At the same time,
inhibition of IRE1 signaling enzyme slightly en-
hances the hypoxic regulation of the expression of
these gene expressions in glioma cells. It is possible
that hypoxic regulation of GADD33, GADD45A4, and
GADDI53 genes through multiple signaling path-
ways and IREI1 plays ancillary role. Thus, our re-
sults agree with data [4, 6, 34] that the suppression

of IRE1 signaling enzyme function significantly de-
creases the glioma cell proliferation and that reduced
level of GADD33, GADD45A, and GADDI53 genes
expression can contribute to suppression of prolifera-
tion and to regulation of cell death processes.

In this study we also studied the expression
level of GADD45B gene, which encodes a negative
growth regulatory protein MyD118, involved in the
regulation of growth and apoptosis and may block
proliferation, survival, and tumorigenesis [19]. Our
results argue with this data because we have shown
that inhibition of IREI signaling enzyme signifi-
cantly up-regulates this gene expression. At the same
time, hypoxia strongly enhances the expression of
GADD45B gene in control glioma cells but biologi-
cal significance of this gene expression up-regulation
requires further investigation.

Results of this investigation clearly demonstra-
ted that the expression of gene encoding eukaryotic
translation initiation factor 2-alpha kinase 1, which
acts at the level of translation initiation to down-
regulate protein synthesis in response to endoplas-
mic reticulum stress through the phosphorylation
of EIF2SI1, is down-regulated in U87 glioma cells
without IRE1 signaling enzyme function. We have
also shown that inhibition of IREI leads to strong
suppression of the expression of A/FMI gene. This
data correlates with suppression of glioma growth
from cells without functional activity of signalling
enzyme IREl and with increased expression of
EIF24K1 and AIFM] genes in glioblastoma multi-
forme and other tumors [4, 24, 26, 27]. At the same
time, the expression of E/F24AK1 and AIFMI genes
is also down-regulated by hypoxia in both control
and IRE1 knockdown glioma cells; however, it is not
clear yet the functional significance of these changes
in EIF2AK]I and AIFM1 gene expressions and war-
rants further study.

Therefore, the expression level of genes
encoding GADD34, GADDA45A, and GADDI153 is
up-regulated by hypoxia in gene specific manner. At
the same time, inhibition of the IRE1 enzyme func-
tion down-regulates the expression level of preferen-
tially pro-proliferative genes (GADD34, GADD454,
GADDI53, and EIF24K]1) and up-regulates GAD-
D45B gene, which encodes a negative growth regu-
latory protein. Thus, our results correlate with sup-
pression of glioma cell proliferation upon inhibition
of IREl-mediated endoplasmic reticulum stress
signaling.
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BuBuanu TimoKcHYHY pETyISIliio eKcrpecii
TeHiB, MO0 KOAYIOTH poamHy TmpoteiniB GADD
(growth arrest and DNA damage), y kiiTHHax
rmiomu ninHil U87 3a mpuraivenHs IREL (inositol
requiring enzyme-1l), SAKUH € [EHTpPATHLHUM
MeniaTOpOM CTpecy CHIOIIa3MaTHYHOIO pEeTH-
KylyMa 1 KOHTPOJIOE TIpolecH mpodideparii Ta
pocty nyxuuH. [lokazaHo, mo rimokcis mnocu-
moBana excmnpecito reHiB GADD34, GADDA45A4,
GADD45B ta GADDI53, dhyHKIIis SKUX TOB’s13aHa
3 mpomidepariiero Ta anmonTo30M KIITHH, Y KOH-
TPONBHUX (TpaHC(IKOBAHUX BEKTOPOM 0€3 BCTaB-
KW) KJITHHAaX TiioMu TeHocnenudigno. BomHo-
yac, piBeHb ekcripecii reHiB EIF2AKI (eukaryotic
translation initiation factor 2-alpha kinase 1) Ta
AIFMI (apoptosis inducing factor, mitochondria
associated 1) y mux KIJIiITHHaX 3HUKYBaBCS 32 YMOB
rimokcii. BcTaHOBIEHO TakoX, IO TMPUTHIYEHHS
¢ynkmii curranpHoro ensuMmy IRElD y xmitnHax
rmiomu miHii U87 mocumioBano e(exT Timokcii
Ha EKCIPECil0 BCIX IMX I'CHIB 3a BUHATKOM T'CHIB
EIF24K]1 ta AIFM]I. Binbiie Toro, ekcrpecis Bcix
JMOCTIPKEHUX TEHIB Yy KIITHHAX 13 MPHUTHIYCHUM
IRE1 icToTHO 3HMKyBallach 32 YMOB HOPMOKCII.
Takum 9MHOM, piBEHBb €KCHpecii T'eHiB, 0 KOmy-
1016 GADD34, GADD454, GADD45B, GADDI353,
EIF2AK]I ta AIFMI, 3MiHIOETBCS TeHOCTICITN(DITHO
3a TIMOKCI1 Ta 3a NMPUTHIYEHHS CTpECy eHAOIIa3-
MaTHYHOI'O peTHKyIyMa, onocepeakoBaHoro IRFEI
CUTHAJbHUM MUISIXOM, 1 KOPEJIO€ 31 3HIKCHHSIM
nporideparii KJIITHH TITIOMH Y pa3i MPUTHIYCHHS
¢ynkmii easumy IREL.

KniogoBi cmoBa: Timokcis, ekcmpecis
MPHK, GADD34, GADD45A, GADDA45B,
GADDI153, EIF2AK1, AIFMI1, npurniuenus IRE],
KJIITUHY TII1IOMH.
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HccnenoBanu THIOKCHYECKYIO PETYIISILIUIO
IKCIIPECCUH T'€HOB, KOAUPYIOLUINX CEMENUCTBO MPO-
tenrHoB GADD (growth arrest and DNA damage), B
kjeTkax rimuoMbl Tuanu U87 mpu yraetennu IREI
(inositol requiring enzyme-1), KOTOpBIN SBISETCS
LEHTPaJIbHBIM MEAMATOPOM CTpecca 3HJOoIIa3Ma-
THYECKOT'0 PETUKYJIYMa U KOHTPOJIIUPYET MPOIIECCh
npoaudepanuu U pocta onyxoJjei. [lokazano, uro
TUTIOKCHSI YCUJIMBaJIa SKCIpeccuto reHoB GADD34,
GADD454, GADD45B u GADDI53, dyHK1us KO-
TOpBIX CBsI3aHa ¢ Mpojudepanueldl U anonToO30M
KJIETOK, B KOHTPOJBHBIX (TpaHC(ennpOBaHHBIX
BEKTOpOM Oe3 BCTaBKH) KJIETKaX TJIMOMBI I€HOCIIe-
nuduuecku. B To e BpeMsi, ypOBEHb IKCIIPECCUU
reHoB EIF2AKI (eukaryotic translation initiation
factor 2-alpha kinase 1) u AIFMI (apoptosis
inducing factor, mitochondria associated 1) B aTux
KJICTKAaX CHIDKAJICSI MPH THIIOKCHU. YCTaHOBJIEHO
TaK)Ke, YTO YTHETCHHE (PYyHKIMM CUTHAJIBHOTO JH-
3uma IREl B kneTkax riuomsl inaun U87 ycumnu-
BaJIO 3P PEKT TUITOKCHU Ha SKCIIPECCHIO BCEX ITHX
I'CHOB 3a UCKJIIouYeHUueM reHoB EIF2AKI n AIFMI.
Bonee Toro, sxcnpeccust Bcex MCCIECIOBAaHHBIX I'e-
HOB CYIIIECTBEHHO CHWXajach MPH HOPMOKCHHU B
kieTkax ¢ yrueteHHbIM IRE]1. Takum oOpasom, ypo-
BEHb JKCIIPECCUU TEHOB, Komaupytomux GADD34,
GADD454, GADD45B, GADDI53, EIF2AKI n
AIFM]I, u3MmeHsieTcsl TeHOCTIEIUPUUECKH TIPH TH-
MOKCHU U TPU YTHETEHHUM CTpecca dHJOMIa3MaTu-
YECKOI'0 PETUKYJyMa, OMOCPEAOBAHHOTO CUTHAJb-
HbM ntyTeM IREI, u xoppenupyeT co cHM)KEHUEM
pocTa TIMOMBI MIPH YTHETEHUH (QYHKIHMH SH3UMa
IREI.

KnarouyeBble C0Ba: THINOKCHS, JKCIpeEC-
cus MPHK, GADD34, GADD45A, GADDA45B,
GADDI53, EIF2AKI1, AIFMI, yruerenue IREI,

KJICTKH I''THOMBI.
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