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Endoplasmic reticulum stress and hypoxia are necessary components of malignant tumors growth
and suppression of ERNI (from endoplasmic reticulum to nuclei-1) signalling pathway, which is linked to the
apoptosis and cell death processes, significantly decreases proliferative processes. Glioma cells with ERNI
knockdown were used in order to investigate the effect of ERNI blockade on the expression of TP53, MDM2,
PERP, and USP7 genes and its hypoxic regulation. We have studied the expression of TP53 (tumor protein
53), MDM?2 (TP53 E3 ubiquitin protein ligase homolog), PERP (TP53 apoptosis effector), and USP7 (ubiquitin
specific peptidase 7) genes, which are related to cell proliferation and apoptosis, in glioma cells with ERNI
knockdown under hypoxic condition. It was shown that blockade of ERNI gene function in U87 glioma cells
intensified the expression of TP53 and USP7 genes, but decreased the expression of MDM?2 and PERP genes.
Thus, an enhanced expression of TP53 gene in ERNI knockdown glioma cells correlates with the decreased
level of ubiquitin ligase MDM?2 and increased expression level of USP7 which deubiquitinates TP53 and
MDM?2 and induces TP53-dependent cell growth repression and apoptosis. At the same time, the expression
levels of TP53, MDM?2, and USP7 genes do not change significantly in glioma cells with suppression of
endoribonuclease activity only, but PERP gene expression is strongly increased. Moreover, the expression of
TP53 and UPS7 genes is decreased in hypoxic conditions in control glioma cells only; however, MDM?2 and
PERP gene expressions are increased in both cell types, being more significant in ERNI knockdown cells.
Thus, the expression of genes encoding TP53 and related to TP53 factors depends upon the endoplasmic
reticulum stress signaling as well as on hypoxia, and correlates with suppression of glioma growth under
ERNI knockdown.
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ndoplasmic reticulum stress and hypoxia are
E necessary components of malignant tumors

growth [1-3]. Moreover, the endoplasmic
reticulum stress response ERNI1 (from endoplasmic
reticulum to nuclei-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 emphasize the need for new
therapeutic strategies.
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Hypoxia is associated with glioma development
and locally induces an adaptive response which pro-
vides to tumor cells an enhanced survival and 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 [1, 4]. The
endoplasmic reticulum is a key organelle in the
cell response to hypoxia, ischemia, and chemicals,
which activate a complex set of signaling pathways
named the unfolded protein response. This adap-
tive response is activated upon the accumulation of
misfolded proteins in the endoplasmic reticulum and
is mediated by three endoplasmic reticulum-resi-
dent sensors named ERNI, also known as inositol
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requiring enzyme-1, PERK (PRK-like ER kinase),
and ATF6 (Activating Transcription Factor 6); howe-
ver, ERN1 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, 6, 7]. Misfolded proteins in the
endoplasmic reticulum lumen activate two distinct
catalytic domains of IREI1, which display serine/
threonine trans-autophosphorylation and endori-
bonuclease activities, respectively. ERN1-associated
endoribonuclease activity is involved in the degra-
dation of a specific subset of mRNA and also initia-
tes the cytosolic splicing of the pre-XBP1 (X-box
binding protein 1) mRNA whose mature transcript
encodes a transcription factor that stimulates the ex-
pression of unfolded protein response specific genes
[2, 8].

Tumor protein 53 (TP53) coordinates diverse
cellular functions through the regulation of the ex-
pression of target genes, thereby inducing cell cy-
cle arrest and apoptosis [9]. Despite the intensity of
TP53 investigation the molecular mechanisms by
which it coordinates diverse cellular functions re-
main enigmatic. More than 100 physical or genetic
interactions with TP53 have been identified to date
[9]. The TP53 protein responds to diverse cellular
stresses to regulate expression of target genes, there-
by inducing cell cycle arrest, apoptosis, senescence,
DNA repair, or changes in metabolism. This protein
is involved in cell cycle regulation as a trans-activa-
tor that acts to negatively regulate cell division by
controlling a set of genes required for this process,
including an inhibitor of cyclin-dependent kinases,
via binding to gene specific response elements, but
induction of necrosis by TP53 seems to be largely
independent of transcription regulation [10, 11].

Activation of TP53 begins through a number of
mechanisms including phosphorylation by different
protein kinases as well as methylation and acetyla-
tion [12]. Phosphorylation of the amino terminus of
p53 leads to a conformational change that prevents
MDM2 (TP53 E3 ubiquitin protein ligase homolog)
binding, resulting in its stabilization and allowing
for increased interaction and acetylation by CBP/
p300 which enhance its transcriptional activity [9,
13]. Moreover, the stability as well as functional ac-
tivity of TP53 depends upon multiple different fac-
tors [14-21].

Protein MDM2 is an E3 ubiquitin protein ligase
that binds TP53 and targets TP53 for proteasomal
degradation, but phosphorylation, cyclin-dependent
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kinase inhibitor 2A (CDKN2A) and ubiquitin spe-
cific peptidase 7 (USP7) prevent MDM2-TP53
interactions, leading to an increase in stable TP53
tetramers in the cytoplasm. Moreover, MDM2 is
thought to inhibit TP53 activity in two ways, firstly
by ubiquitinating TP53, resulting in its proteasomal
degradation, and secondly by binding to a region that
prevents the interaction of TP53 with TP300/CBP,
thus inhibiting its transcriptional activity. Recently,
the inhibition of the interaction between TP53 and
MDM2 by a novel Aurora-A-mediated TP53 phos-
phorylation was identified [22].

The MDM2 oncogene has an important role in
human carcinogenesis and various MDM?2 inhibi-
tors, including antisense oligonucleotides, siRNA,
and small molecule MDM2 inhibitors, have antitu-
mor activity in in vitro and in vivo human cancer
models. Interestingly, the antisense MDM2 inhibi-
tors have a broad spectrum of antitumor activities in
human cancers, showing the pS3-independent func-
tions of MDM?2 [23]. Thus, MDM2 promotes pro-
teasome-dependent ubiquitin-independent degrada-
tion of retinoblastoma RBI1 protein. Non-degradable
ubiquitination of the NOTCHI receptor by the E3
ubiquitin protein ligase MDM2 which activates the
intracellular domain of NOTCHI1 and its signalling
pathway [24] was recently shown.

The deubiquitinating enzyme USP7 (ubiquitin
specific peptidase 7) also known as Herpes virus-
associated ubiquitin-specificprotease (HAUSP) is
related to cell proliferation and apoptosis because it
deubiquitinates TP53 and MDM?2 and strongly sta-
bilizes TP53 even in the presence of excess MDM2,
and also induces TP53-dependent cell growth repres-
sion and apoptosis [25]. Moreover, activity and func-
tion of deubiquitinating enzymes, including USP7
enzyme, were regulated via post-translational modi-
fications [26]. Recently it was shown that deubiquiti-
nation of K (lysine) acetyltransferase 5 (KATS) also
known as TIP60 by USP7 determines the activity of
the TP53-dependent apoptotic pathway in response
to genotoxic stress [27]. Moreover, USP7 is a regula-
tor of ubiquitin-conjugating enzyme UbE2EI in cells
as well as together with DA XX regulate mitosis pro-
gression and taxane sensitivity by affecting stability
of Aurora-A kinase [28, 29]. USP7 is also necessary
for PTEN deubiquitination and trafficking in acute
myeloid leukemia via interaction with nucleophos-
min as well as for NF-kB deubiquitination and TLR-
and TNFR-induced transcription activation [30, 31].

Protein PERP, an apoptosis-associated target of
TP53 tumor suppressor, which is selectively induced
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during apoptosis, and the apoptotic pathway media-
ted by PERP is a critical mechanism employed by
uveal melanoma tumours to modulate susceptibili-
ty to apoptosis [32, 33]. Moreover, loss of the TP53
regulated protein PERP promotes tumorigenesis
[34]. Recently it was shown that PERP is reduced
in human breast cancer cell lines and its deficiency
alters mammary gland homeostasis and promotes
cancer [35]. Moreover, PERP expression stabilizes
active TP53 via modulation of TP53-MDM?2 interac-
tion in melanoma cells [36].

The aim of this study was investigation of the
effect of ERN1 knockdown on the expression of
TP53, MDM2, PERP, and USP7 genes, which related
to cell proliferation and apoptosis, and its hypoxic
regulation in glioma cells.

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/1) Dulbecco’s modified
Eagle’s minimum essential medium (DMEM; Gib-
co, Invitrogen, USA) supplemented with glutamine
(2 mM), 10% fetal bovine serum (Equitech-Bio, Inc.,
USA), penicillin (100 units/ml; Gibco) and strepto-
mycin (0.1 mg/ml; Gibco) at 37 °C in a 5% CO, in-
cubator. In this work we used two sublines of this
glioma cell line. One subline was obtained by selec-
tion of stable transfected clones with overexpression
of vector (pcDNA3.1), which was used for creation
of dominant-negative constructs (dnERN1). This un-
treated subline of glioma cells (control glioma cells)
was used as control 1 in the study of effects of hy-
poxia on the expression level of TP53, MDM2, USP?7,
and PERP genes. Second subline was obtained by
selection of stable transfected clones with overex-
pression of dnERNI1 and suppressed both protein
kinase and endoribonuclease activities of this bi-
functional sensing and signaling enzyme of endo-
plasmic reticulum stress. These cells were obtained
from prof. M. Moenner (France) [4]. The expression
level of studied genes in these cells was compared
with cells, transfected by vector (control 1), but the
subline which overexpressed dnERNI1 was also used
as control 2 for investigation of the effect of hypoxia
condition on the expression level of these genes un-
der blockade ERN1 function. Hypoxic conditions
were created in special incubator with 3% oxygen
and 5% carbon dioxide levels; culture plates with
complete DMEM were exposed to these conditions
for 16 hrs.
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The suppression level of ERN1 both enzymatic
activity in glioma cells that overexpress a dominant-
negative construct of endoplasmic reticulum-—
nuclei-1 (dnERN1) was previously shown by
analysis of the expression of XBP1 alternative splice
variant (XBP1s), a key transcription factor in ERN1
signaling, and the level of ERN1 phosphorylated
isoform using cells treated by tunicamycin (0.01 mg/
ml for 2 hours) [37]. Moreover, the proliferation rate
of ERN1 knockdown glioma cells is decreased more
than twice [4].

Thedominant-negative ERN1 endoribonuclease
mutant (GenBank accession number JQ425696) was
obtained by truncation of the carboxy-terminal 78
amino acids of ERNI1. The mutant was obtained
by inserting a “GATC” motif at position 2812
of the BgllIl restriction site —2799-tctgtcagagatc
“GATC” tcctccgagecatgagaaataa-2833. The frame
shift insertion generates a stop codon 19 bases
later. The wild type ERN1 amino acids sequence
at positions 896-907 is —SVRDLLRAMRNK-
and the C-terminal sequence of the mutant is
—SVRDRSPPSHEKCOO-. The final sequence was
cloned in a pcDNA3.1 plasmid and was controlled
by DNA sequencing before transfection in U87
glioma cells. Clones were received by selection at
0.8 mg/ml G418 (neomycin).

The analysis of ERN1 functional activity in
glioma cells that overexpress a dntERN1 (ERNI1
with mutated endoribonuclease) has estimated by
determining the expression level of XBP1 alterna-
tive splice variant (XBP1s), a key transcription factor
in ERNI signaling, using cells treated by tunicamy-
cin (0.01 mg/ml during 2 hrs). As shown in Fig. 1,
treatment of control (transfected by vector) glioma
U87 cells with tunicamycin leads to the formation
of an alternative splice variant of XBP1 while in
cells transfected by dnrERNI the alternative splic-

us7 Us7
dnrERN1 control
Tunicamycin - + - +
/XBF'1
— —— — -

Fig. 1. Effect of tunicamycin (0.01 mg/ml — 2 hrs)
on the mRNA level of transcription factor XBP1 and
its alternative splice variant (XBPls) in glioma U87
cells stable transfected with vector and dnrERNI:
reverse-transcriptase-mediated PCR analysis
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ing of XBPI is completely blocked. Alternative
splice variant of XBP1 mRNA is a shorter variant
which encodes a longer protein isoform of the tran-
scription factor. Moreover, the proliferation rate of
glioma cells with mutated ERNI endoribonuclease
is decreased more than 5 times (Fig. 2). Thus, the
blockade of endoribonuclease activity of signaling
enzyme ERNI1 has more strong effect on prolifera-
tion rate of glioma cells than the blockade of both
kinase and endoribonuclease activities.

RNA isolation. Total RNA was extracted from
glioma cells as previously described [38]. 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.

Reverse transcription and quantitative PCR
analysis. QuaniTect Reverse Transcription Kit
(QIAGEN, Germany) was used for cDNA synthesis
as described previously [37]. The expression level
of TP53, MDM2, USP7, and RERP 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) and Absolute gPCR SYBRGreen Mix (Ther-
mo Fisher Scientific, ABgene House, UK). Polymer-
ase chain reaction was performed in triplicate.

For amplification of tumor protein 53 (TP53)
cDNA we used next primers: forward 5-GGCC-
CACTTCACCGTACTAA-3' and reverse 5-GTG-
GTTTCAAGGCCAGATGT-3". The nucleotide se-
quences of these primers correspond to sequences
1694-1713 and 1849-1830 of human TP53 cDNA
(GenBank accession number NM_000546). The size
of amplified fragment is 159 bp.

The amplification of the cDNA of MDM2 p53
binding protein homolog(MDM?2) also known as p53
E3 ubiquitin protein ligase homolog was performed
using forward primer (5-CAGCTTCGGAACAA-
GAGACC-3') and reverse primer (5-GTCCGAT-
GATTCCTGCTGAT-3"). These oligonucleotides
correspond to sequences 364-383 and 656-637 of
human MDM?2 c¢DNA (GenBank accession num-
ber NM_002392). The size of amplified fragment is
293 bp.

The amplification of the ubiquitin specific
peptidase 7(USP7) also known as Herpes virus-as-
sociated ubiquitin-specific protease (HAUSP) cDNA
for real time RCR analysis was performed using two
oligonucleotides primers: forward — 5-GTTATAGG-
GATGGCCCAGGT-3" and reverse — 5-TCCACG-
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Fig. 2. Proliferation rate of control glioma US7 cells
stable transfected with vector (Vector), ERNI knock-
down cells (dnERNI) and glioma cells with blockade
only endoribonuclease activity of ERNI (dnrERNI).
Results represented as percent of control (100%);
n =235 *P <0.05 as compared to control (Vector)

GCCTTTTTACATTC-3" The nucleotide sequences
of these primers correspond to sequences 2730-2749
and 2988-2969 of human USP7 ¢cDNA (GenBank ac-
cession number NM_003470). The size of amplified
fragment is 259 bp.

For amplification of TP53 apoptosis effector
(PERP) also known as p53-induced protein (PIGPC1)
cDNA we used forward 5'-CATGCTCTTCTGTG-
GCTTCA-3" and reverse 5-AAAGCCGTAGGC-
CCAGTTAT-3' primers. The nucleotide sequences
of these primers correspond to sequences 420-439
and 648-810 of human PERP ¢cDNA (GenBank ac-
cession number NM_022121). The size of amplified
fragment is 229 bp.

The amplification of B-actin (ACTB) cDNA
was performed using forward — 5-GGACTTC-
GAGCAAGAGATGG-3' and reverse - 5-~AGCACT-
GTGTTGGCGTACAG-3' primers. These primers
nucleotide sequences correspond to 747-766 and
980-961 of human ACTB cDNA (GenBank accession
number NM_001101). The size of amplified frag-
ment is 234 bp. The expression of B-actin mRNA
was used as control of analyzed RNA quantity. The
primers were received from Sigma (USA).

An analysis of quantitative PCR was performed
using special computer program Differential Expres-
sion Calculator. Statistical analysis was performed
according to Student’s test using OriginPro 7.5 soft-
ware. The values of TP53, MDM2, USP7, and PERP
mRNA expressions were normalized to the expres-
sion of B-actin mRNA and represented as percent of
control (100%). All values are expressed as mean +
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SEM from triplicate measurements performed in 4
independent experiments.

Results and Discussions

It was shown that blockade of ERNI1 signaling
enzyme function in U87 glioma cells has increased
the expression of 7P53 and USP7 genes (P < 0.05),
being more significant for 7P53 gene (Fig. 3). At the
same time, the expression of MDM?2 and PERP genes
is significantly decreased (P < 0.05) in glioma cells
with ERN1 knockdown. Thus, an enhanced expres-
sion of TP53 gene correlates with a decreased level
of ubiquitin ligase MDM?2 and increased expres-
sion level of USP7 which deubiquitinates TP53 and
MDM?2 and induces TP53-dependent cell growth
repression and apoptosis.

As shown in Fig. 4, the expression level of 7P53
gene did not change significantly in glioma cells
with suppressed endoribonuclease activity of ERN1
signaling enzyme compared to control glioma cells,
but tunicamycin, the inductor of endoplasmic reticu-
lum stress, strongly induced 7P53 gene expression
(P < 0.05) in these glioma cells. Similar result was
received with MDM?2 gene (Fig. 5). Thus, blockade
of ERNI1 endoribonuclease activity did not change
significantly the expression level of MDM?2 gene and
tunicamycin also induced its expression (P < 0.05),
but not too strongly. Moreover, endoribonuclease
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ERN1 knockdown did not affect USP7 gene ex-
pression; however, tunicamycin had negative effect
on USP7 gene expression (P < 0.05) in these cells
(Fig. 6).

At the same time, the expression level of PERP
gene is strongly (3 fold; P < 0.05) induced in glioma
cells upon blockade of ERNI1 endoribonuclease ac-
tivity (Fig. 7). Moreover, cells with endoribonucle-
ase ERN1 knockdown treated by tunicamycin have
shown a decreased level of PERP gene expression
compared to non-treated cells.

As shown in Fig. 8, the expression level of 7P53
gene is decreased in control glioma cells but was re-
sistant to hypoxic condition in ERN1 knockdown
glioma cells. At the same time, hypoxia significantly
up-regulated MDM?2 gene expression (P < 0.05) in
both types of glioma cells (Fig. 9). Thus, the effect of
hypoxia on the expression of MDM?2 gene depends
upon blockade of ERN1 endoribonuclease activity.
The expression of USP7 and PERP genes are re-
sponsible for hypoxia, but in different ways (Fig. 10
and 11). Thus, hypoxia decreased the expression of
USP7 gene (P < 0.05) and increased the expression
of PERP gene (P < 0.05) in control glioma cells;
however, the blockade of ERN1 signaling enzyme
function eliminated the effect of hypoxia on the ex-
pression of USP7 gene and enhanced its effect on the
expression of PERP gene.

MDM2 : PERP

USP7 -

*

Fig. 3. Expression of TP53, MDM2, USP7, and PERP mRNA in glioma cell line US87, transfected with vector,
and its subline with a deficiency of the signaling enzyme ERNI (dnERNI) measured by gPCR. Values of TP53,
MDM?2, USP7, and PERP mRNA expressions were normalized to f-actin mRNA expression and represented
as percent of control (100%); n = 4; * P < 0.05 as compared to control (0)
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Fig. 4. Expression of tumor protein (TP53) mRNA in glioma cell line US87 (Vector) and its subline with a de-
ficiency of both enzymatic activities of the signaling enzyme ERNI (dnERNI) or without endoribonuclease
activity only (dnrERNI) measured by gPCR. dnrERNI+t — dnrERNI cells treated by tunicamycin (0.01 mg/
ml — 2 hrs). Values of TP53 mRNA expressions were normalized to f-actin mRNA expression and represented
as percent of control (100%); n = 4, * P < 0.05 as compared to control; ** P < 0.05 as compared to dnrERNI
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Fig. 5. The expression of MDM?2 p53 binding protein homolog (MDM?2) mRNA in glioma cell line U87 (Vector)
and its subline with a deficiency of both enzymatic activities of the signaling enzyme ERNI (dnERNI) or with-
out endoribonuclease activity only (dnrERNI) measured by gPCR. dnrERNI+t — dnrERNI cells treated by
tunicamycin (0.01 mg/ml — 2 hrs). Values of MDM2 mRNA expressions were normalized to f-actin mRNA ex-
pression and represented as percent of control (100%); n = 4, * P < 0.05 as compared to control; ** P < (.05
as compared to dnrERNI

dnrERN1

In this study we have shown that blockade of
ERNI signaling enzyme function in U87 glioma
cells affected the expression level of TP53 and TP53-
relatedgenes in different ways: increased the expres-
sion of 7P53 and USP7 genes and decreased MDM?2
and PERP genes. Thus, an enhanced expression of
TP53 gene correlates with a decreased level of ubi-
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quitin ligase MDM?2 and increased expression level
of USP7 which deubiquitinates TP53 and MDM?2
and induces TP53-dependent cell growth repression
and apoptosis. These results agree with data of [4, 5]
that the suppression of ERNI signaling enzyme
function significantly decreases the glioma growth
and that the endoplasmic reticulum stress response
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Fig. 6. Expression of ubiquitin specific peptidase 7 (USP7) mRNA in glioma cell line US7 (Vector) and its sub-
line with a deficiency of both enzymatic activities of the signaling enzyme ERNI (dnERNI) or without endori-
bonuclease activity only (dnrERNI) measured by gPCR. dnrERNI+t — dnrERNI cells treated by tunicamycin
(0.01 mg/ml — 2 hrs). Values of USP7 mRNA expressions were normalized to [-actin mRNA expression and
represented as percent of control (100 %); n = 4; * P < 0.05 as compared to control; ** P < 0.05 as compared
to dnrERNI
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Fig. 7. TP53 apoptosis effector (PERP) mRNA expression in glioma cell line US7 (Vector) and its subline
with a deficiency of both enzymatic activities of the signaling enzyme ERNI (dnERNI) or without endoribo-
nuclease activity only (dnrERNI) measured by gPCR. dnrERNI+t — dnrERNI cells treated by tunicamycin
(0.01 mg/ml — 2 hrs). Values of PERP mRNA expressions were normalized to f-actin mRNA expression and
represented as percent of control (100%); n = 4; * P < 0.05 as compared to control; ** P < (.05 as compared
to dnrERNI

ERNI1 signalling pathway is linked to the apoptosis However, results of our investigation demon-
and cell death processes and is a necessary compo- strate that the expression level of 7P53 gene as well
nent of malignant tumors growth [1-3]. as MDM?2 and USP7 genes did not change signifi-
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Fig. 8. Effect of hypoxia on the expression of TP53 mRNA in glioma cell line U87 (Vector) and its subline with
a deficiency of the signaling enzyme ERNI (dnERNI) measured by gPCR. Values of TP53 mRNA expressions
were normalized to f-actin mRNA expression and represented as percent of control (100%); n = 4, * P < 0.05
as compared to control I; ** P < 0.05 as compared to control 2
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Fig. 9. The expression of MDM?2 mRNA in glioma cell line U87 (Vector) and its subline with a deficiency of the
signaling enzyme ERNI (dnERNI): effect of hypoxia. Values of MDM?2 mRNA expressions were normalized to
beta-actin mRNA expression and represented as percent of control (100%); n = 4, * P < 0.05 as compared to

control I; ** P < 0.05 as compared to control 2

cantly in glioma cells with suppressed endoribo-
nuclease activity of ERN1 signaling enzyme only
compared to control glioma cells. Thus, the changes
in the expression level of 7P53, MDM?2 and USP7
genes in glioma cells with blockade of both enzy-
matic activities of ERN1 are possibly mediated by
ERNI1 kinase activity, but not ERN1 endoribonu-
clease activity. At the same time, the blockade of
ERNI1 endoribonuclease activity in glioma cells

ISSN 0201 — 8470. Ukr. Biochem. J., 2014, Vol. 86, N 4

significantly enhances the expression of PERP gene
while complete ERN1 knockdown (both enzymatic
activities) leads to suppression of this gene expres-
sion. We have also shown that the expression level
of PERP mRNA in glioma cells is significantly de-
creased compared to normal human astrocytes and
these results correlate with reduced expression of
PERP gene in human breast cancer cell lines [35].
Moreover, in glioma cells with ERN1 endoribonu-
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Fig. 10. Effect of hypoxia on the expression of USP7 mRNA in glioma cell line US7 (Vector) and its subline with
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were normalized to f-actin mRNA expression and represented as percent of control (100%); n = 4; * P < 0.05
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Fig. 11. TP53 apoptosis effector mRNA expression in glioma cell line U87 (Vector) and its subline with a de-
ficiency of the signaling enzyme ERNI (dnERNI): effect of hypoxia. Values of PERP mRNA expressions were
normalized to f-actin mRNA expression and represented as percent of control (100%); n = 4; * P < 0.05 as
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clease knockdown the expression level of PERP
gene is increased up to level in normal astrocytes
and this data argues with strong suppression of these
cells proliferation by stabilization of active TP53
via modulation of TP53-MDM?2 interaction [32]. It
is possible that both enzymatic activities of ERNI
contribute to the regulation of PERP gene expres-
sion. Thus, the exact mechanism of the regulation of
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PERP gene expression by ERNI1 signaling system
requires further investigation.

In this study we have shown that hypoxia af-
fects the expression level of 7P53 and TP53—related
genes in different ways, being more significant for
MDM?2 and PERP genes. Thus, hypoxia modifies
these gene expressions in control glioma cells but
the effect of hypoxia on MDM?2 and PERP gene ex-
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pressions depends on ERNI activity like many other
genes [37, 39, 40].

Results of this investigation clearly demon-
strated that the expression of genes encoding 7P53,
MDM?2, USP7, and PERP depended on the endoplas-
mic reticulum stress signaling via ERN1 enzyme
and correlated with suppression of tumor growth.
Moreover, the expression of TP53, MDM?2, and USP7
genes was not responsible for blockade of ERN1 en-
doribonuclease activity in glioma cells, but PERP
gene is strongly overexpressed in these cells as com-
pared to control glioma cells. Moreover, the blocka-
de of ERNI1 endoribonuclease activity increases
PERP gene expression close to its level in normal
astrocytes. The expression of 7P53 and USP7 genes
is decreased by hypoxia in control glioma cells only,
but MDM?2 and PERP gene expressions is increased
in both types of glioma cells being more significant
in cells with suppressed function of ERNI signaling
enzyme. Thus, the expression of genes encoding
TP53 and related to TP53 factors depended on endo-
plasmic reticulum stress signaling as well as hypoxia
and correlate with suppression of glioma growth un-
der ERNI knockdown.

MPUTHIYEHHS ERN1 MOJU®IKYE
PEI'YJISIIIIO EKCIIPECIi TEHIB 7P53,
MDM?2, USP7 TA PERPY KJIITUHAX
TJIIOMU JITHIT U87 3A I'IMTOKCIi
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Crpec eHAOMIa3MAaTUYHOTO PETHKYJIyMa i
rinokciss € HeoOXiIHUMHU KOMIIOHEHTaMH POCTY
370sKiCHUX My XJiMH i npurHidvenHss ERN1 (Bix enno-
MJIa3MaTHUYHOTO PETHKYJyMa J0 siipa-1) cUrHaib-
HOT'O LUISIXY, SIKWH TOB’I3Y€E aIornTo3 i3 Mpolecamu
CMEpPTI KIITHH, 3HAYHO 3MCHIIYE iHTCHCHBHICTH
mporeciB  mpomideparii. Hamm  mocmimkeHo
ekcrpecito reHiB 7P53 (tumor proteinS3), MDM?2
(TP53 E3 ubiquitin protein ligase homolog), PERP
(TP53 apoptosis effector) ta USP7 (ubiquitin
specific peptidase 7), ski MarTh Oe3mocepemaHe
BIIHOIIICHHS IO IPOIIECiB mpoidepartii Ta armonTo-
3y B KJITHHaX TJIIOMH i3 TPHUTHIYEHOIO (QYHKITIEIO
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ERNI1 B ymoBax rimokcii. BctanosieHo, mo 610-
kaga ¢gynkuii ERN1 y kmitnnax rioiomu ninii US7
NOCWIIIOE  eKcripecito TeHiB TP53 ta USP7, ane
3MeHINye piBeHb ekcripecii renisB MDM?2 ta PERP.
TakuM 4YWHOM, TOCHJICHA ekcrpecis reHa TP53
B KJITHHAX TDJIIOMHU 13 TPHUTHIYCHOK (QYHKIIIEO
ERNI1 mOBHICTIO Y3TOIXKYETBCS 31 3HUKCHUM
piBHeM ekcripecii yOikBiTnHiirasu MDM2 Ta
nigsumieHuM piBaem USP7, sika aeyOikBiTHHYE
TP53 ta MDM2, iHayKyto04uH, TaKUM 4iHOM, TP53-
3alIe)KHY PENpeciio poCcTy MyXJIMHHHX KIITHH Ta
ix amonTo3. Y TOH caMuii Yac, piBeHb eKcrpecii
rediB TP53, MDM?2 ta USP7 y KJiTHHaX TIIOMH
i3 TPUTHIYCHOK JIMIIE EHJIOPUOOHYKJICa3HO
akTuBHICTIO ERNI1 iCTOTHO HE 3MIHIOETHCS, ae
piBeHb excmpecii rena PERP mpu 1[bOMY CHIIb-
HO 30inblryerbesi. binmpime Toro, excrmpecis reHiB
TP53 ta UPS7 3MeHIIYEThCS 3a TIiMOKCIi Jjuine B
KOHTPOJIBHUX KJITHHAX TJIIOMH, TOJI SIK €KCIpecis
rediB MDM?2 ta PERP mocuitoeTbcsi B 000X TH-
max KJITHH, XO4a 3HAYHO CHJIBHIIIC B KJIITHHAX 13
npurHiveHuM ERNI. Pesynbsratu poGotu mpoje-
MOHCTPYBaJH, 10 ekcrpecist rediB TP33, MDM?2,
UPS7 ta PERP 3aneXuTh Bl CUTHAJIBLHOIO IIs-
Xy CTpecy eHIOIUIa3MaTHYHOTO PETUKYJIyMa Ta
TIMOKCIT 1 KOPEJIIoE 31 3HMKEHHSM POCTY TITIOMH 3a
npurHiueHHs yHkiii ERNI.

KnrwuoBi cuoBsa:ekcripecis MPHK, TP53,
MDM2, USP7, PERP, ERNI, KiIiTHHH IJIIOMH,
CIMOKCisL.

YI'HETEHHUE ERN1 MOAUPUIIUPYET
I'MIOKCHUYECKY1O PET'YJISILUIO
ISKCIIPECCUU I'EHOB TP53, MDM2,
USP7 1 PERP B KIIETKAX I'NIMOMBbI
JIMHUMN U87
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Crpecc 3HA0MIa3MaTHYECKOTO PETUKYIyMa U
TUIIOKCHS SIBJISIIOTCS HEOOXOAMMBIMU KOMIIOHEHTA-
MM POCTa 3JI0KaQUYECTBEHHBIX ONMYXOJel M yrHere-
Hre ERNI1 (oT sHA0MIa3MaTHYECKOTO PETUKYITyMa
K A7py-1) CUTHAJIBHOTO MyTH, KOTOPBIM CBA3BIBAECT
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aroriTo3 ¢ MpoLeccaMu CMEPTH KJIETOK, 3HAUUTEIb-
HO yMEHBIIAET MHTEHCHBHOCTH IIPOLECCOB IIPO-
nugepaid. Mbl HCCIIEOBAIN SKCIPECCHIO TEeHOB
TP53 (tumor protein 53), MDM?2 (TP53 E3 ubiquitin
protein ligase homolog), PERP (TP53 apoptosis
effector) u USP7 (ubiquitin specific peptidase 7),
KOTOpBIE HMMEIOT HEMOCPEICTBEHHOE OTHOIIEHUE
K IporeccaM nposndepannu U arnonrTos3a, B KJeT-
KaX TJIHOMBI ¢ yrHeTeHHoH ¢yHknmerdr ERNI1 mpu
TUTIOKCHU. YCTAaHOBJICHO, YTO OJiokama (QyHKIIHH
ERNI B knerkax rinuomsl JuHun U87 ycunupa-
eT skcnpeccuto reHoB 7P53 u USP7, HO cHUXKaeT
ypoBeHb 3kcnpeccun TeHoB MDM?2 u PERP. Ta-
KUM 00pa3oM, yculieHHas skcnpeccus reHa TP53 B
KJIETKaX TJIMOMBI C yrHeTeHHOW ¢yHkimed ERNI
MIOJIHOCTBIO COIJIACYETCSl CO CHUKEHHMEM YPOBHS
JKCIIpeccHy YOMKBUTHHIMTa3sl MDM?2 1 moBkITIIe-
Huem ypoBHsi USP7, koTopasi n1eyOMKBUTHHUPYET
TP53 u MDM2, uanyuupys, Takum odpazom, TP53-
3aBUCHUMYIO PEIIPECCHIO POCTA OMYXOJIEBBIX KIETOK
1 UX anonTo3. B To ke BpeMsi, ypOBEHb 3KCIIPECCUH
redoB TP53, MDM2 n USP7 B KiaeTKaxX INIMOMBI C
OJI0Ka 10| JTUIIb SHJ0PUOOHYKIIea3HOH aKTHBHOCTH
ERNI cyniecTBeHHO HE HU3MEHSETCS, HO YPOBEHb
akcrpeccuy reHa PERP nipu 3TOM CUJIBHO yBEJU-
yuBaeTcs. boreiie Toro, skcnpeccusi reHoB 1P53
u UPS7 yMeHbIIaeTcst IpH THUIIOKCUU JIUITH B KOH-
TPOJIBHBIX KJIETKaX INIMOMBI, TOTJIa KaK dKCIPECCHS
renoB MDM?2 w PERP ycunuBaetcsl B 000MX THIIAX
KJIETOK, XOTSI 3HAYUTEJILHO CHIIbHEE B KJIETKAX C I10-
naBieHHol akTuBHOCTHIO ERN1. Pesynbrarsr pado-
THI TIPOIEMOHCTPHUPOBAJIN, YTO 3KCIIPECCHS T'€HOB
TP53, MDM2, UPS7 n PERP 3aBUCHT OT CUTHAJIb-
HOTO ITYTH CTpECca dHIO0MIA3MATHYECKOTO PETUKY-
JyMa U THIOKCHUU W KOPPEIHUPYET CO CHM)KEHUEM
pocta rinuoMsl ipu ostokane pynkuuu ERNI.

Knwouesbie caopa: sxcrpeccuss MPHK,
TP53, MDM2, USP7, PERP, ERNI, kieTkn riano-
MBI, TUTIOKCHSI.
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