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We have studied the effect of IRE1 signaling enzyme knockdown as well as hypoxia on the expression 
of genes encoding the important tumor growth related proteins (BRCA1, DEK, BCL2L1, COL6A1, TPD52, 
HOMER3, and GNPDA1) in U87 glioma cells. It was shown that the expression level of breast cancer 1 early 
onset (BRCA1) and tumor protein D52 (TPD52) mRNAs are strongly up-regulated in U87 glioma cells by 
down-regulation of IRE1 expression in comparison with the control cells. At the same time the expression 
level of collagen, type VI, alpha 1 (COL6A1), DEK oncogene (DEK), glucosamine-6-phosphate deaminase 1 
(GNPDA1) and homer homolog 3 (HOMER3) was significantly down-regulated in glioma cells under these 
experimental conditions. It was also shown that hypoxia up-regulated the expression level of COL6A1 and 
TPD52 mRNAs and down-regulated – BRCA1, DEK, and GNPDA1 mRNAs in control glioma cells and that 
down-regulation of IRE1, which control cell proliferation and tumor growth, modified the effect of hypoxia on 
the expression of COL6A1, DEK, BCL2L1, HOMER3, and GNPDA1 genes. The present study demonstrated 
that hypoxia affected the expression of most studied genes in IRE1-dependent manner.

K e y  w o r d s: IRE1 knockdown, hypoxia, mRNA expression, BRCA1, COL6A1, TPD52, HOMER3, COL6A1, 
U87 glioma cells. 

© 2017 Minchenko O. H. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are 
credited.

T he endoplasmic reticulum stress is an impor-
tant component of tumor growth, including 
glioblastoma multiforme, which is a highly 

aggressive tumor with very poor prognosis, and to 
date, there is no efficient treatment available [1-3]. 
Diffuse infiltrating gliomas are the most common 
tumors of the central nervous system. Several genes 
have already been correlated with glioblastomas 
[4-8]. IRE1 (inositol requiring enzyme-1) signaling 
pathway of endoplasmic reticulum stress is a cen-
tral mediator of the unfolded protein response and 
inhibition of this signaling pathway leads to a sup-
pression of glioma growth through down-regulation 
of proliferation processes as a result of metabolic 
reprogramming of cancer cells [4, 5, 7, 9-11]. The 
endoplasmic reticulum stress controls the expres-
sion of numerous regulatory and proliferation-rela

ted genes, which are responsible for glioma growth 
[4, 7, 12-14]. Hypoxia is an important factor to glio
ma development and a more aggressive behaviour 
[15, 16]. A better knowledge of tumor responses to a 
hypoxic condition is required to elaborate therapeu-
tical strategies of cell sensibilization based on the 
blockade of survival mechanisms [17, 18]. Therefore, 
hypoxia affected the expression level of numerous 
genes and the effect of low oxygen condition on most 
hypoxia responsive genes expression is dependent on 
IRE1 functional activity [12, 13, 19, 20].

As mentioned earlier, several genes have al-
ready been correlated with glioblastoma multiforme, 
but mechanisms of their regulation by hypoxia and 
IRE1 signaling pathway should be clarified. Among 
them BRCA1 (breast cancer 1, early onset) gene en-
codes a nuclear phosphoprotein, a regulatory subunit 
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of protein phosphatase 1 that takes part in ubiqui-
tination and transcriptional regulation to maintain 
genomic stability, and it also acts as a tumor sup-
pressor [21]. COL6A1 (collagen type VI alpha 1) 
protein plays an important role in tumorigenesis 
[22, 23]. Tumor protein D52 (TPD52) plays different 
roles in various types of malignancies. But in renal 
cell carcinoma it inhibits growth and metastasis 
through the PI3K/AKT signaling pathway [24]. Pro-
tein DEK induced cell proliferation through upregu-
lating cell cycle related CDK signaling and promoted 
cell migration, and thus its expression is required for 
tumorigenesis and metastasis [25]. BCL2L1 (BCL2-
like 1), a nuclear gene encoding apoptosis regula-
tor, which represents regulatory subunit 52 of pro-
tein phosphatase 1, plays an important role in both 
positive and negative regulation of programmed cell 
death. Recently, it was shown that HOMER3 is over-
expressed in some cancers and possibly related to tu-
mor growth [26]. Glucosamine-6-phosphate deami
nase (GNPDA1) catalyzes the reversible conversion 
of D-glucosamine-6-phosphate into D-fructose-
6-phosphate and plays a key role in the maintenance 
of UDP-N-acetylglucosamine, which is a glucose 
metabolite with pivotal functions as a key substrate 
for the synthesis of glycoconjugates like hyaluronan, 
and as a metabolic sensor that controls cell functions 
through modification of intracellular proteins [27].

The aim of this study was to investigate the ef-
fect of hypoxia as well as IRE1 inhibition on the ex-
pression of BRCA1, DEK, BCL2L1, COL6A1, TPD52, 
HOMER3, and GNPDA1 in U87 glioma cells with 
hopes of elucidating its mechanistic part in the de-
velopment and progression of glioblastoma and the 
contribution to endoplasmic reticulum stress.

Materials and Methods

Cell lines and culture conditions. In this study 
we used two sublines of U87 glioma cells, which are 
growing in high glucose (4.5 g/l) 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), streptomycin (0.1 mg/ml; Gibco) 
and penicillin (100 units/ml; Gibco) at 37 °C in a 
5% CO2 incubator. One subline was obtained by se-
lection of stable transfected clones with overexpres-
sion of vector (pcDNA3.1), which was used for the 
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 effects 

of hypoxia on the expression level of BRCA1, DEK, 
BCL2L1, COL6A1, TPD52, HOMER3, and GNPDA1 
genes. The second subline was obtained by selec-
tion of stable transfected clones with overexpression 
of dnIRE1 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 the studied 
nuclear genes encoded mitochondrial proteins in 
these cells was compared with cells, transfected by 
vector (control 1). The subline, which overexpressed 
dnIRE1, was also used as control 2 for investigation 
of the effect of hypoxia condition on the expression 
level of the studied cells with inhibited signaling en-
zyme IRE1 function. Clones were received by selec-
tion at 0.8 mg/ml geneticin (G418) and grown in the 
presence of this antibiotic in a lower concentration 
(0.4 mg/ml).

In experiments with hypoxia culture plates with 
complete DMEM were exposed in a special chamber 
with 3% oxygen, 92% nitrogen, and 5% carbon di-
oxide for 16 h.

The suppression level of IRE1 and enzymatic 
activity in glioma cells that overexpress a dominant-
negative construct of inositol requiring enzyme-1 
was estimated previously [27, 28] by determining the 
phosphorylation of IRE1 and the expression level of 
XBP1 alternative splice variant (XBP1s), a key tran-
scription factor in IRE1 signaling, using cells treated 
by tunicamycin (0.01 mg/ml during 2 h). Moreover, 
the proliferation rate of glioma cells with mutated 
IRE1 is decreased 2 times [28]. Thus, the blocka
de of both kinase and endoribonuclease activity of 
signaling enzyme IRE1 has a significant effect on 
proliferation rate of glioma cells. 

RNA isolation. Total RNA was extracted from 
glioma cells as previously described [28]. The RNA 
pellets were washed with 75% ethanol and dissolved 
in nuclease-free water. For additional purification the 
RNA samples were reprecipitated with 95% ethanol 
and redissolved in nuclease-free water. RNA concen-
tration and spectral characteristics were measured 
using NanoDrop Spectrophotometer.

Reverse transcription and quantitative PCR 
analysis. QuaniTect Reverse Transcription Kit 
(QIAGEN, Germany) and Thermo Scientific Verso 
cDNA Synthesis Kit (Germany) were used for cDNA 
synthesis according to manufacturer’s protocols. 
The expression level of BRCA1, DEK, BCL2L1, 
COL6A1, TPD52, HOMER3, and GNPDA1 mRNA 
were measured in glioma cell line U87 and its sub-
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line (clone 1C5) by real-time quantitative polymerase 
chain reaction using  “RotorGene RG-3000” qPCR 
(Corbett Research, Germany), “QuantStudio5 Real-
Time PCR System” (Applied Biosystems, USA) or 
“Mx 3000PQPCR” (Stratagene, USA) and Absolute 
qPCR SYBRGreen Mix (Thermo Fisher Scientific, 
ABgene House, Epsom, Surrey, UK). Polymerase 
chain reaction was performed in triplicate. The 
amplification of cDNA of the breast cancer 1, early 
onset (BRCA1), also known as RING finger protein 
53 (RNF53) and protein phosphatase 1, regulatory 
subunit 53, was performed using the forward primer 
(5′-TGAAGAAAGAGGAACGGGCT-3′) and re-
verse primer (5′-TGGCTCCCATGCTGTTCTAA-3′). 
These oligonucleotides correspond to sequences 
4264-4283 and 4503-4484 of human BRCA1 cDNA 
(GenBank accession number NM_007294).The size 
of amplified fragment is 240 bp. 

For amplification of the DEK oncogene 
(DEK)cDNA we used next primers: forward 
5′-GGTCAGTTCAGTGGCTTTCC-3′ and reverse 
5′-CCTTGCCATTCCAGAACTGT-3′. The nucleo-
tide sequences of these primers correspond to se-
quences 575-594 and 838-819 of human DEK cDNA 
(GenBank accession number NM_003472). The size 
of amplified fragment is 264 bp. 

The amplification of cDNA of the bcl-2-like 
protein 1(BCL2L1), also known as apoptosis regula-
tor Bcl-X (BCLX) and protein phosphatase 1, regu-
latory subunit 52 was performed using the forward 
primer (5′-TCTGGTCCCTTGCAGCTAGT-3′) and 
reverse primer (5′-CAGGGAGGCTAAGGGG-
TAAG-3′). These oligonucleotides correspond to se-
quences 1016-1035 and 1211-1992 of human BCL2L1 
cDNA (GenBank accession number NM_001908). 
The size of amplified fragment is 195 bp.

For amplification of the collagen type VI al-
pha 1 (COL6A1)cDNA we used next primers: for-
ward 5′-CTGGGCGTCAAAGTCTTCTC-3′ and 
reverse 5′-ATTCGAAGGAGCAGCACACT-3′. The 
nucleotide sequences of these primers correspond to 
sequences 646-665 and 856-837 of human COL6A1 
cDNA (GenBank accession number NM_001848). 
The size of amplified fragment is 211 bp. 

The amplification of cDNA for the tumor pro-
tein D52 (TPD52) was performed using the forward 
primer (5′-TGTTGGCTCAGTCATCACCA-3′) and 
reverse primer (5′-TTTTCTGGAAGAGGCTC-
CGT-3′). These oligonucleotides correspond to se-
quences 506-525 and 694-675 of human TPD52 
cDNA (GenBank accession number NM_005079).
The size of amplified fragment is 189 bp. 

The amplification of the homer homolog 3 
(Drosophila) (HOMER3), also known as Homer 
scaffolding protein 3, cDNA was performed using 
the forward primer (5′-GCAATGTGTACCG-
CATCATC-3′) and reverse primer (5′-CTTCTCG-
GCAAACTGTGTCA-3′). These oligonucleotides 
correspond to sequences 383-402 and 564-545 of 
human HOMER3 cDNA (GenBank accession num-
ber NM_004838). The size of amplified fragment is 
182 bp. 

For amplification of the glucosamine-6-phos-
phate deaminase 1(GNPDA1; EC_number 3.5.99.6) 
cDNA we used next primers: forward 5′-TTAACC-
CAGGGCCAGAGAAG-3′ and reverse 5′-TGGGT-
GTTTTCTGGGTGGAT-3′. The nucleotide sequenc-
es of these primers correspond to sequences 147-166 
and 381-362 of human GNPDA1 cDNA (GenBank 
accession number NM_005471). The size of ampli-
fied fragment is 235 bp. 

The amplification of the β-actin (ACTB) cDNA 
was performed using forward 5′-GGACTTCGAG-
CAAGAGATGG-3′ and reverse – 5′-AGCACT-
GTGTTGGCGTACAG-3′ primers. These primers 
nucleotide sequences correspond to 747-766 and 
980-961 of human ACTBcDNA (GenBank accession 
number NM_001101). The size of amplified frag-
ment is 234 bp. The expression of β-actin mRNA 
was used as a control of analyzed RNA quantity. 
The primers were received from Sigma-Aldrich 
(USA). The quality of amplification products was 
analyzed by melting curves and by electrophore-
sis using 2% agarose gel. An analysis of quantita-
tive PCR was performed using special computer 
program “Differential Expression Calculator”. The 
values of BRCA1, DEK, BCL2L1, COL6A1, TPD52, 
HOMER3, and GNPDA1 mRNA expressions were 
normalized to the expression of β-actin mRNA and 
represented as percent of control 1 (100%). 

Statistical analysis. All values are expressed 
as mean ± SEM from triplicate measurements 
performed in 4 independent experiments. Statisti-
cal analysis was performed according to Student’s 
t‑test using Excel program as described previously 
[29, 30].

Results and Discussion

We have studied the effect of hypoxia on the ex-
pression of genes encoding BRCA1, DEK, BCL2L1, 
COL6A1, TPD52, HOMER3, and GNPDA1 proteins, 
which are related to the regulation of tumor growth, 
in two sublines of U87 glioma cells in relation to 
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inhibition of IRE1 signaling enzyme. It was shown 
that inhibition of IRE1, which represents a major 
signaling pathway of the unfolded protein response, 
significantly affects the expression of all studied 
genes in gene specific manner except for BCL2L1 
gene (Fig. 1). Thus, strong up-regulation was shown 
for BRCA1 and TPD52 genes, both of which act as  
tumor suppressors [21, 24]. Moreover, BRCA1 par-
ticipates in maintaining genomic stability, in ubiqui-
tination of specific proteins and transcriptional regu-
lation [21]. Tumor protein D52 inhibits growth and 
metastasis of renal cell carcinoma through the PI3K/
AKT signaling pathway since plays different roles 
in various types of malignancies [24]. Thus, our re-
sults concerning up-regulation of BRCA1 and TPD52 
gene expressions in IRE1 knockdown cells agree 
well with the functional role of BRCA1 and TPD52 
proteins and also with suppression of glioma cell 
proliferation after inhibition of IRE1 [4, 21, 24, 28].

At the same time the expression level of DEK, 
COL6A1, HOMER3, and GNPDA1 mRNAs is 
down-regulated in U87 glioma cells with IRE1 
knockdown, being more significant for COL6A1 
mRNA as compared to control glioma cells (Fig. 1). 
There is data that high level of COL6A1 gene expres-
sion is observed in surgical samples from patients 

with glioblastomas and in esophageal squamous cell 
carcinoma [22, 23]. Thus, COL6A1 protein possibly 
plays an important role in tumorigenesis [22, 23].
Therefore, our results concerning strong down-regu
lation of COL6A1 gene expression in glioma cells 
upon inhibition of IRE1 completely agree with the 
functional role of this protein in tumor cells and with 
suppression of IRE1 knockdown glioma cell prolifer-
ation [7, 22]. We have also shown that the expression 
of DEK, HOMER3, and GNPDA1 genes is down-
regulated and these results agree well with data con-
cerning the functional role of DEK, HOMER3, and 
GNPDA1 proteins encoding by these genes [25-27]. 
Thus, DEK induces cell proliferation and its expres-
sion is required for tumorigenesis [25]; HOMER3 is 
overexpressed in some cancers [26], and GNPDA1 
enhances cell proliferation through the synthesis of 
glycoconjugates and modification of intracellular 
proteins [27].

We have also studied the effect of hypoxia on 
the expression of BRCA1, TPD52, BCL2L1, DEK, 
COL6A1, HOMER3, and GNPDA1 genes in control 
U87 glioma cells and cells with IRE1 knockdown. 
As shown in Fig. 2, in control glioma cells (transfec
ted with empty vector) hypoxia significantly down-
regulates the expression of the gene for BRCA1. The 

Fig. 1. Effect of IRE1 inhibition on the expression level of BRCA1, TPD52, BCL2L1, DEK, COL6A1, HOMER3 
and GNPDA1 mRNA in U87 glioma cells. Values of these mRNA expressions were normalized to β-actin 
mRNA level and represented as percent for control (cells transfected with empty vector, 100%); n = 4. ; 
*P < 0.05 versus control
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similar effect of hypoxia is also observed in cells 
without the functional activity of IRE1 signaling en-
zyme (-54%; Fig. 2). Thus, inhibition of IRE1 did 
not significantly change the effect of hypoxia on the 
expression of BRCA1 gene. Next, we have shown 
that hypoxia strongly up-regulated the expression 
of TPD52 gene in both control and IRE1 knock-
down glioma cells (+91 and +92%, correspondingly; 
Fig. 3).

As is shown in Fig. 4, hypoxia down-regulates 
gene expression for DEK (-29%) in control U87 glio
ma cells (transfected with empty vector), but inhibi-
tion of IRE1 signalling enzyme function in glioma 
cells by dnIRE1 eliminates the effect of hypoxia on 
this gene expressions.

As is shown in Fig. 5, in control glioma cells 
(transfected with empty vector) hypoxia does not 
change significantly the expression of BCL2L1 gene, 
but inhibition of IRE1 leads to up-regulation of this 
gene expression by hypoxia (+40%). Investigation of 

Fig. 2. Effect of hypoxia on the expression level 
of BRCA1 (breast cancer 1, early onset) mRNA in 
control U87 glioma cells (Vector) and cells with a 
blockade of the IRE1 (dnIRE1). Values of BRCA1 
mRNA expressions were normalized to β-actin 
mRNA level and represented as percent for con-
trol 1 (100%); n = 4

Fig. 3. Effect of hypoxia on the expression level of 
TPD52 (tumor protein D52) mRNA in control U87 
glioma cells (Vector) and cells with a blockade of 
the IRE1 (dnIRE1). Values of TPD52 mRNA expres-
sions were normalized to β-actin mRNA level and 
represented as percent for control 1 (100%); n = 4
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HOMER3 gene expression has  shown that this gene 
is resistant to hypoxia in control U87 glioma cells, 
but in cells with IRE1 knockdown the expression of 
HOMER3 gene is down-regulated (-24%; Fig. 6).

The effect of hypoxia on the expression of 
BCL2L1, HOMER3, COL6A1, and GNPDA1 genes in 
control U87 glioma cells and cells with IRE1 knock-
down is shown in Fig. 7 and 8.

Next, we studied the expression of COL6A1 
gene in both control and IRE1 knockdown glioma 
cells. As shown in Fig. 7, hypoxia significantly 
up-regulates (+60%) the expression of COL6A1 
gene in control glioma cells, but IRE1 knockdown 
suppresses this effect of hypoxia up to +18%. At the 
same time hypoxia significantly decreases (-44%) 
the expression of GNPDA1 gene in control glioma 
cells; however, inhibition of IRE1 does not signifi-
cantly change the expression of this gene in cells 
treated by hypoxia (Fig. 8).
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Fig. 4. Effect of hypoxia on the expression level of 
DEK (DEK oncogene) mRNA in control U87 glioma 
cells (Vector) and cells with a blockade of the IRE1 
(dnIRE1). Values of DEK mRNA expressions were 
normalized to β-actin mRNA level and represented 
as percent for control 1 (100%); n = 4

R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

, %
 o

f c
on

tro
l 1

60

100

0

120

80

20

Control 1 Hypoxia Control 2 Hypoxia

DEK

Vector dnERN1

NS

P < 0.05

40

P < 0.05

Thus, hypoxia affects the expression of most 
studied genes in control U87 glioma cells in gene 
specific manner and inhibition of IRE1 significantly 
modifies the effect of hypoxia on the majority of 
these genes. As shown in Fig. 9 and 10, the inhibi-
tion of IRE1 does not significantly change the effect 
of hypoxia on the expression of BRCA1 and TPD52 
genes, but modifies hypoxic regulation of other gene 
expressions: introduces sensitivity to hypoxia of 
BCL2L1 and HOMER3 gene expression, decreases 
the effect of hypoxia on DEK and COL6A1 gene 
expression and eliminates hypoxic regulation of 
GNPDA1 gene expression.

Results of this investigation clearly demon-
strated that hypoxia affects different studied genes in 
glioma cells in diverse ways: up-regulates or down-
regulates in gene specific manner. Moreover, this 
regulation preferentially depends on the IRE1 sign-
aling enzyme function. The expression of most of 
the hypoxia responsible genes is regulated through 
the transcription factor HIF [31]. 

Recently, we have shown that hypoxia strongly 
up-regulates the level of HIF1-alpha protein both in 
control glioma cells and in cells without the IRE1 
signaling enzyme function and that inhibition of 
IRE1 signaling enzyme function decreases HIF1-al-
pha protein level [32]. However, hypoxia changes the 
expression genes in glioma cells in diverse ways [11-
13, 19, 20, 28, 30, 32-34] and these changes could not 
be explained by regulation through HIF1 transcrip-
tion factor only. Moreover, the expression of most 
studied genes is responsible for IRE1-mediated en-
doplasmic reticulum stress signaling in a gene spe-
cific manner. Altogether, hypoxic regulation of gene 
expression is more complex and multifactorial, in-
cluding regulation through IRE1 signaling pathway. 
It is interesting to note that hypoxia caused the inhi-
bition of cell growth of all cells except tumor cells, 
which have resistance to toxic effects of hypoxia and 
used hypoxia for enhanced own cell proliferation. It 
is possible that this hypoxia resistance is explained 
by overexpression of GLO1 enzyme [35, 36]. There-

Fig. 5. Effect of hypoxia on the expression level of 
BCL2L1(bcl-2-like protein 1) mRNA in control U87 
glioma cells (Vector) and cells with a blockade of 
the IRE1 (dnIRE1). Values of BCL2L1 mRNA expres-
sions were normalized to β-actin mRNA level and 
represented as percent for control 1 (100%); n= 4
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Fig. 7. Effect of hypoxia on the expression level of 
COL6A1 (collagen, type VI, alpha 1) mRNA in con-
trol U87 glioma cells (Vector) and cells with a block-
ade of the IRE1 (dnIRE1). Values of COL6A1 mRNA 
expressions were normalized to β-actin mRNA level 
and represented as percent for control 1 (100%); 
n = 4

Fig. 6. Effect of hypoxia on the expression level of 
HOMER3 (homer homolog 3, Drosophila) mRNA in 
control U87 glioma cells (Vector) and cells with a 
blockade of the IRE1 (dnIRE1). Values of HOMER3 
mRNA expressions were normalized to β-actin 
mRNA level and represented as percent for con-
trol 1 (100%); n = 4
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fore, the changes in the expression level of genes en-
coding BRCA1, DEK, BCL2L1, COL6A1, TPD52, 
HOMER3, and GNPDA1 proteins possibly reflect 
metabolic reprogramming of glioma cells by IRE1-
mediated endoplasmic reticulum stress signaling and 
correlate with suppression of glioma cell prolifera-
tion upon inhibition of the IRE1 signaling enzyme.

Експресія генів, що мають 
відношення до росту пухлин 
у нокаутних по IRE1 клітинах 
гліоми лінії U87: ефект 
гіпоксії
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Досліджували експресію генів, що коду-
ють важливі протеїни, які мають відношення до 
росту пухлин (BRCA1, DEK, BCL2L1, COL6A1, 
TPD52, HOMER3 та GNPDA1), у клітинах 
гліоми лінії U87 за умов пригнічення сигналь-
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Fig. 8. Effect of hypoxia on the expression level of 
DEK (DEK oncogene) mRNA in control U87 glioma 
cells (Vector) and cells with a blockade of the IRE1 
(dnIRE1). Values of DEK mRNA expressions were 
normalized to β-actin mRNA level and represented 
as percent for control 1 (100%); n = 4

R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

, %
 o

f c
on

tro
l 1

60

100

0

120

80

20

Control 1 Hypoxia Control 2 Hypoxia

GNPDA1

Vector dnERN1

NS

P < 0.01

40

P < 0.01

ного ензиму IRE1 та гіпоксії. Показано, що 
пригнічення IRE1 у клітинах гліоми істотно 
збільшувало рівень експресії мРНКBRCA1 
(breastcancer 1 early onset) та TPD52 (tumorprotein 
D52) порівняно з контрольними клітинами. 
У той самий час рівень експресії COL6A1 
(collagen, type VI, alpha 1), DEK (DEK oncogene), 
GNPDA1 (glucosamine-6-phosphatedeaminase 
1) та HOMER3 (homerhomolog 3) істотно зни-
жувався в клітинах гліоми за цих експеримен-
тальних умов. Також встановлено, що гіпоксія 
підвищувала рівень експресії мРНК COL6A1 та 
TPD52і знижувала – BRCA1, DEK та GNPDA1 у 
контрольних клітинах гліоми і що пригнічення 
IRE1,  модифікувало ефект гіпоксії на експресію 
генів COL6A1, DEK, BCL2L1, HOMER3 та 
GNPDA1. Показано, що гіпоксія змінювала 
експресію більшості досліджених генів залежно 

від IRE1, який контролює проліферацію і ріст 
пухлин.

К л ю ч о в і  с л о в а: пригнічення IRE1, 
гіпоксія, експресія мРНК, BRCA1, COL6A1, 
TPD52, HOMER3, клітини гліоми лінії U87.

Экспрессия генов, имеющих 
отношение к росту опухолей 
в нокаутных по IRE1 клетках 
глиомы линии U87: эффект 
гипоксии

О. Г. Минченко1, О. Я. Лузина1, 
О. С. Гнатюк1, Д. O. Минченко1,2, 
Я. А. Гармаш1, О. О. Ратушна1

1Институт биохимии им. А. В. Палладина 
НАН Украины, Киев;

e-mail: ominchenko@yahoo.com;
2Национальный медицинский университет 

им. А. А. Богомольца, Киев, Украина

Изучали экспрессию генов, кодирующих 
важные протеины, связанные с ростом опухо-
лей (BRCA1, DEK, BCL2L1, COL6A1, TPD52, 
HOMER3 и GNPDA1), в клетках глиомы линии 
U87 при угнетении сигнального энзима IRE1 и 
гипоксии. Показано, что угнетение IRE1 в клет-
ках глиомы существенно увеличивало уровень 
экспрессии мРНКBRCA1 (breastcancer 1 early 
onset) и TPD52 (tumor protein D52) по сравнению с 
контрольными клетками. В то же время, уровень 
экспрессии COL6A1 (collagen, type VI, alpha 1), 
DEK (DEK oncogene), GNPDA1 (glucosamine-
6-phosphate deaminase 1) и HOMER3 (homer 
homolog 3) существенно снижался в клетках 
глиомы в этих экспериментальных условиях. 
Также установлено, что гипоксия повышала уро-
вень экспрессии мРНКCOL6A1 и TPD52 и сни-
жала – BRCA1, DEKиGNPDA1 в контрольных 
клетках глиомы и что угнетение IRE1 модифи-
цировало эффект гипоксии на экспрессию ге-
нов COL6A1, DEK, BCL2L1, HOMER3 и GNPDA1. 
Показано, что гипоксия изменяла экспрессию 
большинства изученных генов в зависимости от 
IRE1, который контролирует пролиферацию и 
рост опухолей.

К л ю ч е в ы е  с л о в а: угнетение IRE1, 
гипоксия, экспрессия мРНК, BRCA1, COL6A1, 
TPD52, HOMER3, клетки глиомы линии U87.
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Fig. 9. Effect of hypoxia on the expression level of BRCA1, TPD52, BCL2L1, and DEK mRNA in control U87 
glioma cells stable transfected with empty vector (Vector) and in cells without the function of signaling enzyme 
IRE1 (dnIRE1) measured by qPCR. Values of these mRNA expressions were normalized to β-actin mRNA 
expression and represented as percent of corresponding control (with empty vector or with dnIRE1; both to 
take as 100%); mean ± SEM; n = 4
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