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It was shown previously that inhibition of ERN1 (endoplasmic reticulum to nucleus signaling 1) path-
way, a central mediator of the unfolded protein response, leads to suppression of tumor growth through down-
regulation of key pro-proliferative and up-regulation of tumor suppressor factors and modifies the sensitivity
of these genes to glucose and glutamine deprivation. However, the executive mechanisms of ERN1 mediated
control of glioma cell proliferation are not yet known. The goal of this study was to estimate the effect of glu-
cose and glutamine deprivations on expression of cancer related genes in glioma U87 cells at ERN1 signaling
inhibition for evaluation of their possible significance in ERNI1 mediated control of glioma cell proliferation.
We studied the effect of glucose and glutamine deprivations on the expression level of cancer related genes
encoding TMEDIO (transmembrane p24 trafficking protein 10), MYL9 (myosin, light chain 9, regulatory),
SPOCK1 (sparc/osteonectin, cwecv and kazal-like domains proteoglycan 1), CUL4A (cullin 4A), and CUL4B
in U87 glioma control cells and cells with ERN1 knockdown. It was shown that at glucose deprivation, the
expression level of MYLY, SPOCKI1 and CUL4B genes was significantly up-regulated in control glioma cells.
ERNI knockdown modified the sensitivity to glucose deprivation of all studied genes except TMEDI0 gene. At
glutamine deprivation, the expression of MYL9, CUL4A and CUL4B genes was shown to be up-regulated in
control glioma cells. The sensitivity of MYL9, TMED10 and CUL4B gene expression to glutamine deprivation
in glioma cells with ERNI knockdown was significantly modified, while CUL4A and SPOCK]I gene expression
did not respond to ERNL1 inhibition. The present study demonstrates that glucose and glutamine deprivation
affected the expression of the most studied genes in a specific manner and that inhibition of ERNI signaling
preferentially modified their expression at glucose and glutamine deprivation.

Keywords: mRNA expression, TMED10, MYL9, SPOCK1, CUL4A, CUL4B, CUL4B, ERNL1 inhibition, glu-
cose and glutamine deprivation, U87 glioma cells.

alignant gliomas are highly aggressive
M tumors and characterized by extensive

tumor cell invasion into the normal brain
parenchyma. It is well known that gliomas growth
strongly depends on endoplasmic reticulum stress,
glutamine and glucose levels as well as hypoxia,
which are obligate components of tumor progression
[1-6]. Previously was shown that blockade of ERN1
(endoplasmic reticulum to nucleus signaling 1)
signaling pathway of the endoplasmic reticulum

stress leads to suppression of cell proliferation and
tumor growth through changing in the expression
level of genes, which responsible for control of gly-
colysis, cell cycle, apoptosis, angiogenesis and many
other processes to enhance tumor cells proliferation
under stressful environmental conditions [7-11]. Cell
proliferation is strongly dependent under glycolysis
and glucose level because there is the molecular con-
nection between cell cycle progression and the provi-
sion of nutrients essential for this purpose. Glucose
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as well as glutamine are important substrates for gly-
colysis and glutaminolysis, which are important to
glioma development and a more aggressive behavior
through regulation of the cell cycle at distinct stages
[12-14]. Furthermore, a better knowledge of tumor
responses to glucose and glutamine deprivation con-
ditions is required to elaborate therapeutical strate-
gies of cell sensibilization, based on the blockade of
survival mechanisms [15-18].

For this study we select five cancer related
genes encoding TMEDI0 (transmembrane p24 traf-
ficking protein 10), MYL9 (myosin, light chain 9,
regulatory), SPOCKI1 (sparc/osteonectin, cwcv and
kazal-like domains proteoglycan 1), CUL4A (cullin
4A), and CUL4B polyfunctional proteins. TMEDI0
is a member of a heteromeric secretase complex and
involved in vesicular trafficking of various proteins
including G protein-coupled receptors. Its expression
is associated with cancers and correlated to THOCS
expression level in primary hepatocellular carci-
nomas [19]. Therefore, there is data that TMEDI10
modulates growth of papillary thyroid cancer cells
by inducing autophagy, which may be associated
with activation of AMPK/mTOR pathway [20].
Recently was shown that the expression of myosin
light chain 9 (MYLY) is very important for growth
of glioblastoma and other malignant tumors [21, 22].
Thus, the association of high MYL9 expression with
poor prognosis in newly diagnosed glioblastoma
patients and increased expression in recurrent glio-
blastoma is indicative of its role in conferring tu-
mour aggressiveness [21]. At the same time, there is
data that decreased expression of myosin light chain
MYL9 may play an important role in malignant tu-
mor progression of prostate cancer [23].

SPOCKI1 may play a role in cell-cell and cell-
matrix interactions. It plays an important role in can-
cerogenesis because there is data that overexpression
of this gene contributes to the aggressive nature of
head and neck squamous cell carcinoma and that
reduced SPOCKI1 expression inhibits cancer cell
proliferation as well as migration through Wnt/beta-
catenin signaling and other mechanisms [24-26].
Cullins (CUL4A and CUL4B) are the core compo-
nent of multiple cullin-RING-based E3 ubiquitin-
protein ligase complexes which mediate the ubiqui-
tination and subsequent proteasomal degradation of
target proteins and involved in tumorigenesis [27-31].
Thus, these cullins play a role in PCNA-dependent
polyubiquitination of CDT1 and MDM2-dependent
ubiquitination of TP53 as well as in the mammalian
target-of-rapamycin (mTOR) pathway involved in

control of cell growth, size and metabolism. There
is also data that circular RNA ZFR exhibited a carci-
nogenic role by sponging miR-101-3p and regulating
CULA4B expression in non-small cell lung cancer and
that overexpression of miR-494 inhibited prolifera-
tion, migration, invasion and EMT of ovarian can-
cer cells by directly suppressing CUL4A expression
[28, 30]. It was also shown that decreased CUL4B
expression inhibits malignant proliferation of glio-
ma in vitro and in vivo [32]. It is interesting to note
that CUL4B upregulates the expression of C-MYC
at post-transcriptional level through epigenetic si-
lencing of miR-33b-5p and that CUL4B/miR-33b/C-
MYC axis promotes prostate cancer progression [33].

Previously was shown that the inhibition of
ERNI, a central mediator of the unfolded protein
response, leads to suppression of tumor growth
through down-regulation of key pro-proliferative
and up-regulation of tumor suppressor factors and
modifies the sensitivity of these genes to glucose and
glutamine deprivation [34-40]. However, the execu-
tive mechanisms of the exhibited anti-proliferative
effects of ERN1 inhibition are not yet known. It
is possible that this anti-proliferative effect is also
mediated by altered expression of TMED10, MYL9,
SPOCK1, CUL4A, and CUL4B genes, which are in-
tegrated into the unfolded protein response signaling
pathways and regulate cell proliferation.

The main goal of this study was investigation
the effect of glucose and glutamine deprivations on
the expression of cancer related genes (TMEDI0,
MYL9, SPOCK1, CUL4A, and CUL4B) in glioma
US87 cells in relation to inhibition of ERNI signaling
for evaluation of their possible significance in ERN1
signaling mediated control of glioma cell prolifera-
tion.

Materials and Methods

Cell lines and culture conditions. The glioma
cell line U87 (HTB-14) was obtained from ATCC
(USA) and grown in high glucose (4.5 g/l) Dulbec-
co’s modified Eagle’s minimum essential medium
(DMEM; Gibco, Invitrogen, U.S.A.) supplemented
with fetal bovine serum (Equitech-Bio, Inc., USA),
glutamine (2 mM), 10% penicillin (100 units/ml;
Gibco, USA) and streptomycin (0.1 mg/ml; Gibco) at
37°Cina 5% CO, incubator. Glucose and glutamine
deprivation conditions were created by changing the
complete DMEM medium into culture plates on the
medium without glucose or glutamine and plates
were exposed to this condition for 16 h.
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In this study we used two sublines of U87
glioma cells. One subline was obtained by selection
of stable transfected clones with overexpression of
vector pcDNA3.1, which was used for creation of
dominant/negative ERN1 (dnERN1). This untreated
subline of glioma cells we used as a control (control
glioma cells) in the study of the effect of glutamine
and glucose deprivations on the expression level of
TMED10, MYL9, SPOCK1, CUL4A, and CUL4B
genes. Second subline was obtained by selection
of stable transfected clone with overexpression of
ERN1 dominant/negative construct (lnERN1) and
consequent inhibition of both protein kinase and en-
doribonuclease activities of this signaling protein of
endoplasmic reticulum stress [7]. It has been shown
that these cells have a low proliferation rate and do
not express spliced XBP1, a key transcription factor
in ERNI1 signaling, after induction of endoplasmic
reticulum stress by tunicamycin [7, 8]. The expres-
sion of the studied genes was compared with cells
transfected with the empty vector (control glio-
ma cells, pcDNA3.1). The efficiency of ERN1 sup-
pression in this glioma cell subline was estimated
previously [7, 8] by determining the expression level
of spliced XBP1, a key transcription factor in the
ERNI signaling, and the level of the phosphoryl-
ated ERNI isoform in cells treated by tunicamycin
(0.01 mg/ml during 2 h). Both sublines of glioma
cells used in this study were grown with geneticin
(G418) while these cells carry an empty pcDNA3.1
vector or dnERNIconstruct.

RNA isolation. Total RNA was extracted from
glioma cells using Trizol reagent according to manu-
facturer protocol (Invitrogen, U.S.A.) as described
previously [8, 41]. The RNA pellets were washed
with 75 % ethanol and dissolved in nuclease-free wa-
ter. For additional purification, RNA samples were
re-precipitated with 95 % ethanol and re-dissolved
again in nuclease-free water. RNA concentration
and spectral characteristics were measured using
NanoDrop Spectrophotometer ND1000 (PEQLAB,
Biotechnologie GmbH).

Reverse transcription and quantitative PCR
analysis. Thermo Scientific Verso cDNA Synthe-
sis Kit (Germany) was used for cDNA synthesis
according to manufacturer protocol. The expres-
sion levels of TMED10, MYL9, SPOCK1, CUL4A,
and CUL4B mRNAs as well as ACTB mRNA were
measured in U87 glioma cells by real-time quantita-
tive polymerase chain reaction using “QuantStudio 5
Real-Time PCR System” (Applied Biosystems, USA)
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and Absolute qPCR SYBRGreen Mix (Thermo
Fisher Scientific, ABgene House, UK). Polymera-
se chain reaction was performed in triplicate using
specific pair of primers, which were received from
Sigma-Aldrich, USA.

For amplification of TMEDI0 (transmembrane
p24 trafficking protein 10), which also known as
TMP21 (21 kDa transmembrane trafficking pro-
tein), cDNA we used forward (5—~CATGGGGTAC-
CACCTACACC-3' and reverse (5—-AACCCAG-
GACAAATGCTGAC-3') primers. The nucleotide
sequences of these primers correspond to sequences
874—-893 and 1032-1013 of human TMEDI0 cDNA
(GenBank accession number NM_006827). The size
of amplified fragment is 159 bp. The amplification
of SPOCKI (sparc/osteonectin, cwcv and kazal-like
domains proteoglycan 1) cDNA for real time RCR
analysis was performed using two oligonucleotides
primers: forward — 5~-GGCCTTCATACCTCGGT-
GTA-3" and reverse — 5'-CTTTGTCCTTTGGTCC-
CAGC-3". The nucleotide sequences of these primers
correspond to sequences 1144—-1163 and 1379-11360
of human SPOCK1 cDNA (GenBank accession num-
ber NM_004598). The size of amplified fragment is
236 bp. For amplification of MYL9 (myosin, light
chain 9, regulatory) , which also known as MYRL2
(myosin regulatory light chain 2), we were used for-
ward (5-ACCAGAAGCCAAGATGTCCA-3’ and
reverse (5'-CAGGTATTCGTCTGTGGGGT-3")
primers. The nucleotide sequences of these primers
correspond to sequences 57-76 and 279-260 of hu-
man MYL9 ¢cDNA (GenBank accession number
NM _006097). The size of amplified fragment is 223
bp. The amplification of CUL4A (cullin 4A) cDNA
for real time RCR analysis was performed using two
oligonucleotides primers: forward — 5-CTACTG-
GCCAACATACACGC-3' and reverse (5-AAGC-
CATCTCCCTCGTTGAA-3"). The nucleotide se-
quences of these primers correspond to sequences
15421561 and 1772—1753 ¢cDNA of human CULL4A
(GenBank accession number NM_003589). The size
of amplified fragment is 231 bp. For amplification
of CUL4B (cullin 4B) cDNA we used forward (5'—
AGCCCTGCAGTCTATCATCC-3' and reverse (5'—
ACATCATCCGTCCTTTGGGT-3") primers. The
nucleotide sequences of these primers correspond to
sequences 241-260 and 444—425 of human CUL4B
cDNA (GenBank accession number NM _003588).
The size of amplified fragment is 204 bp. The ampli-
fication of beta-actin (ACTB) cDNA was performed
using forward — 5~-GGACTTCGAGCAAGAGA-
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TGG-3' and reverse — 5-AGCACTGTGTTG-
GCGTACAG-3' primers. These primer nucleotide
sequences correspond to 747-766 and 980-961 of
human ACTB c¢cDNA (NM_001101). The size of am-
plified 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).

Quantitative PCR analysis was performed
using “Differential expression calculator” software.
The values of TMED10, MYL9, SPOCK1, CUL4A,
and CUL4B gene expressions were normalized to
the expression of B-actin mRNA and represented as
percent of control (100%). All values are expressed
as mean + SEM from triplicate measurements per-
formed 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. Statistical analysis was
performed according to Student’s t-test using Excel
program as described previously [42, 43]. All values
are expressed as mean + SEM from triplicate measu-
rements performed in 4 independent experiments.
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Results and Discussion

To determine if glucose and glutamine dep-
rivations affect the expression level of genes en-
coding TMEDIO (transmembrane p24 trafficking
protein 10), SPOCKI1 (sparc/osteonectin, cwcv and
kazal-like domains proteoglycan 1), MYL9 (myosin,
light chain 9, regulatory), CUL4A (cullin 4A) and
CUL4B, which play multifunctional role in tumo-
rigenesis, through the ERN1 branch of endoplasmic
reticulum stress response, we investigated the effect
of glucose and glutamine deprivations on the ex-
pression level of these genes in control glioma cells
(transfected by vector) and cells without both enzy-
matic activities of this signaling protein.

As shown in Fig. 1,A, exposure of control glio-
ma cells under glucose deprivation condition leads
to significant up-regulation of the expression level
of MYL9 mRNA (+55%) in control glioma cells as
compared to control 1. To investigate a possible role
of endoplasmic reticulum stress signaling mediated
by ERNI enzyme in regulation of the expression
of MYL9 gene by glucose deprivation, we investi-
gated the effect of glucose deprivation condition on
this gene expression in glioma cells without enzy-
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Fig. 1. Effect of glucose (A) and glutamine (B) deprivation on the expression level of MYL9 (myosin, light
chain 9, regulatory) gene in control U87 glioma cells (Vector) and cells with ERN1 knockdown (dnERNZ1)
measured by gPCR. The values of MYL9 mRNA expression were normalized to -actin mRNA level and pre-

sented as percent of control (100%); n = 4
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matic activities of ERNI1 signaling protein. It was
shown that inhibition of ERNI signaling by dnERNI1
significantly modifies effect of glucose deprivation
on the expression level of MYL9 gene as compared
to control glioma cells (Fig. 1, A). Thus, effect of
glucose deprivation on the expression level of MYL9
gene in glioma cells with knockdown of ERNI
signaling protein is significantly lesser (+27% ver-
sus control 2) in comparison to control glioma cells.

As shown in Fig. 1,B, exposure of control glio-
ma cells under glutamine deprivation condition leads
to small but statistically significant changes (+13%)
in the expression level of MYL9 mRNA as compared
to control 1; however, inhibition of ERNI signaling
protein completely eliminates the sensitivity of this
gene expression to glutamine deprivation. Therefore,
inhibition of ERN1 modifies the sensitivity of MYL9
gene expression to glutamine deprivation condition
in U87 glioma cells.

Investigation of TMED10 gene expression
in control U87 glioma cells and cells with ERN1
knockdown shown that the expression of this gene
is resistant to glucose deprivation condition inde-
pendently from inhibition of ERNI signaling by
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dnERNI (Fig. 2, A). Glutamine deprivation condi-
tion also did not changed the expression levels of
TMEDI10 mRNA in control U87 glioma cells, but
inhibition of the signaling protein ERN1 by dnERNI1
down-regulated this gene expression level (-32% as
compared to control 2; Fig. 2, B).

As shown in Fig. 3,A, glucose deprivation con-
dition is significantly up-regulated (+52%) the ex-
pression level of SPOCK1 mRNA in control glioma
cells as compared to control 1. However, inhibition
of ERNI signaling eliminates the sensitivity of this
gene expression to glucose deprivation condition.
Therefore, the expression level of SPOCK1 mRNA
is resistant to glutamine deprivation condition in
both control and ERNI knockdown glioma cells
(Fig. 3, B).

We also investigated the expression of cul-
lin 4A gene upon glucose and glutamine depriva-
tion condition in both control glioma cells and cells
without ERN1 signaling enzyme function. As shown
in Fig. 4,A, exposure of control glioma cells under
glucose deprivation condition did not change signifi-
cantly the expression of CUL4A gene in control glio-
ma cells. At the same time, ERN1 inhibition leads to
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Fig. 2. Effect of glucose (A) and glutamine (B) deprivations on the expression level of TMED10 (transmem-
brane p24 trafficking protein 10) gene in control US7 glioma cells (Vector) and cells with ERNI knockdown
(dnERNI) measured by gPCR. The values of TMEDIO mRNA expression were normalized to p-actin mRNA

level and presented as percent of control (100%); n = 4
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Fig. 3. Effect of glucose (A) and glutamine (B) deprivation on the expression level of SPOCK1 (sparc/oste-
onectin, cwcv and kazal-like domains proteoglycan 1) gene in control U87 glioma cells (Vector) and cells with
ERN1 knockdown (dnERN1) measured by gPCR. The values of SPOCK1 mRNA expression were normalized
to f-actin mRNA level and presented as percent of control (100%); n = 4
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Fig. 4. Effect of glucose (A) and glutamine (B) deprivation on the expression level of CUL4A (cullin 4A) gene
in control U87 glioma cells (Vector) and cells with ERN1 knockdown (dnERN1) measured by gPCR. The
values of CUL44A mRNA expression were normalized to f-actin mRNA level and presented as percent of con-
trol (100%); n =4
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Fig. 5. Effect of glucose (A) and glutamine (B) deprivation on the expression level of CUL4B (cullin 4B) gene
in control U87 glioma cells (Vector) and cells with ERN1 knockdown (dnERN1) measured by gPCR. The
values of CUL4B mRNA expression were normalized to [-actin mRNA level and presented as percent of con-
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small but statistically significant down-regulation of
this gene expression (-15%) as compared to control 2
(Fig. 4, A). Glutamine deprivation condition causes
up-regulation of the expression levels of CUL4A
mRNA in both control and ERN1 knockdown U87
glioma cells: +22% and +14%, correspondingly
(Fig. 4, B).

Next we investigated the effect of glucose and
glutamine deprivation conditions on the expression
level of CUL4B mRNA in relation to ERN1 inhibi-
tion. Results of this investigation are presented in
Fig. 5.

In control glioma cells the expression level
of CUL4B gene is increased (+37%) under glucose
deprivation condition (Fig. 5, A). At the same time,
inhibition of ERN1 by dnERNI introduces the re-
sistance of CUL4B gene expression to glucose depri-
vation in U87 glioma cells (Fig. 5, A). Similar results
were obtained with glutamine deprivation condition:
up-regulation of CUL4B gene expression (+79%) in
control glioma cells and elimination the sensitivi-
ty of this gene expression to glutamine deprivation
condition in glioma cells with ERN1 knockdown
(Fig. 5, B).
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Therefore, the exposure of control glioma cells
under glucose and glutamine deprivation condi-
tions leads to up-regulation of most studied genes
expression in gene specific manner, but inhibition of
ERNI signaling preferentially modified sensitivity
of their expression to these experimental conditions.
Summarized results of the investigation of expres-
sion profile of genes encoding TMEDI10, MYLD9,
SPOCKI1, CUL4A, and CUL4B regulatory proteins
in the control and ERN1 knockdown glioma cells
under glucose and glutamine deprivation conditions
are presented in Fig. 6.

In this work we studied the effect of glucose
and glutamine deprivation conditions on the expres-
sion of a cancer related genes encoding functiona-
lly different proteins (TMEDI10, MYL9, SPOCKI1,
CUL4A, and CUL4B) in control U87 glioma cells
and cells with ERN1 knockdown for evaluation of
possible significance of these genes in the control of
glioma growth through endoplasmic reticulum stress
signaling mediated by ERNI and nutrient depriva-
tion. Investigation of the expression of TMED10,
MYL9, SPOCK1, CUL4A, and CUL4B genes in glio-
ma cells under glucose and glutamine deprivation
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Fig. 6. Schematic demonstration of changes in the expression profile of genes encoding TMEDIO, MYL9,
SPOCK1, CUL4A, and CUL4B regulatory proteins in the control and ERN1 knockdown (dnERNZ1) glioma
cells under glucose (A) and glutamine (B) deprivations; NS — no significant change

conditions in respect to inhibition of ERN1 signaling
is important for understanding of malignant tumor
growth mechanisms, because glucose and glutamine
supply as well as endoplasmic reticulum stress play
an essential role in the control of tumor progression
[1, 3,5, 12, 18]. The growing tumor requires the en-
doplasmic reticulum stress and hypoxia for apoptosis
inhibition, neovascularization and growth [5, 38, 40].
Cell proliferation is strongly dependent on glutamine
and glucose supply as well as glycolysis because
there is the molecular connection between cell cycle
progression and the provision of substrates essential
for this purpose [5, 13, 16, 17].

In this study we demonstrated that the expres-
sion of most studied genes in control glioma cells is
affected by glucose and glutamine deprivation con-
ditions as compared to cells growing upon normal
condition (with complete DMEM; Fig. 6). At the

same time, the expression level of TMEDI10 gene
is resistant to both glucose and glutamine depriva-
tion conditions in control glioma cells, but inhibi-
tion of ERN1 and consequent cell proliferation in-
troduces down-regulation of this gene expression in
cells treated by glutamine deprivation. These results
agree well with prooncogenic function of TMED10
[19, 20]. It is well known that MYL9 has pro-pro-
liferative properties in glioblastoma and some other
tumors [21-23]. Thus, our results concerning sup-
pressive effect of ERN1 knockdown on the expres-
sion of MYL9 mRNA under glucose and glutamine
deprivations also agree well with functional role of
this protein. Similar results we have received with
SPOCKT1 gene expression in glioma cells treated by
glucose deprivation: up-regulation in control cells
and elimination of this effect in ERN1 knockdown
cells (Fig. 6), which are mostly consistent with
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pro-cancerogenic role of SPOCK1 [24-26]. Protein
CUL4B is the core component of multiple cullin-
RING-based E3 ubiquitin-protein ligase complexes
and also involved in tumorigenesis through variable
signaling pathways [27, 30-33]. Our results shown
that glucose and glutamine deprivations lead to up-
regulation of CUL4B gene expression and that inhi-
bition of ERNI completely eliminates this effect of
nutrient deprivation. Therefore, our results concern-
ing suppressive effect of ERN1 knockdown on the
sensitivity of CUL4B mRNA expression under both
glucose and glutamine deprivations agree well with
functional role of CUL4B protein.

It is interesting to note, that treatment of glioma
cells by glucose and glutamine deprivations has dif-
ferent effect on the expression of TMED10, MYL9,
SPOCK1, CUL4A, and CUL4B genes in gene specific
manner. Moreover, inhibition of ERN1 signaling en-
zyme modifies the regulation of the expression of all
studied genes by glucose and glutamine deprivations
also in gene specific manner. It is possible that mo-
lecular mechanisms of regulation of different gene
expressions are complex and depend on multiple
factors. Our results support idea that regulation of
different gene expressions by glucose and glutamine
deprivations is upon complex network, which par-
tially controlled by ERN1 signaling. It is known that
suppression of ERN1 enzymatic activities in glio-
mas leads to the inhibition of tumor neovasculari-
zation together with the development of a more in-
vasive phenotype [7]. It is reasonable to suggest, that
combined impact of glucose and glutamine depriva-
tions and ERNI inhibition on the expression of key
regulatory factors may contribute to the decreased
proliferation potential of ERN1 knockdown glioma
cells. Similar results were obtained previously for
regulation of many other genes [16, 37-40].

Therefore, present study demonstrates that
glucose and glutamine deprivations affect almost
all studied genes expression and that inhibition of
ERNI can suppress up-regulation of most studied
gene expressions in gene specific manner and thus
possibly contributes to slower glioma growth.
However, the detailed molecular mechanisms of
ERNI-mediated regulation of the expression of
TMED10, MYL9, SPOCK1, CUL4A, and CUL4B
genes, which have a pivotal role in the control of
malignant tumor growth, are complex and warrants
further investigation.
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3AJIEJKHA BIJI ERN1 PET VIS
EKCIHPECII TEHIB TMED10,

MYL9, SPOCK1, CUL4A I CUL4B B
KJITUHAX IVIIOMM JIHII U87
3A JE®IIUTY IVNIYTAMIHY TA
IJIIOKO3U
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Sx Oyno moka3zaHO paHille, MPHUTHIYCH-
H1 ERNI (endoplasmic reticulum to nucleus
signaling 1) curHajaBHOrO NUISXY MPU3BOIUTH A0
YHOBIJIBHEHHSI POCTY IYXJIMHH BHACIiJIOK 3HU-
JKCHHS eKcIIpecii OCHOBHHX MPO-TIpoti)epaTUBHUX
T'eHIB Ta MOCUJICHHS eKCIpecii CynpecopHHX T'eHiB,
a TaKOXX 3MIHIOE YYTIMBICTh IUX TEHIB J10 jedi-
OUTY TIIOKO3W Ta riiyTaminy. OnHak, BHKOHaBUi
mexanismu  ERNI  omocepenkoBaHOro KOHTPO-
o mpostidepaliii NIIOMHUX KIIITHH 3a7UIIAF0THCS
HE3’ICOBAaHUMHU. METOI0 JOCHTIKeHHsST OyNo oli-
HUTHU BIUTUB Je(IiIMUTY TIIIOKO3U Ta TIyTaMmiHy Ha
EKCIIPECi0 TEeHiB, M0 KOHTPOJIOIOTH MyXJIHHHUN
pict y kmituHax riiomu U87. HaMu BUBUEHO BILIHB
JneiluTy TII0KO3M Ta IIyTaMiHy Ha PiBEHb eKCIIpe-
il 3aJIyd4eHUX J0 KOHTPOIIO MYXJIHMHHOTO POCTY
rexiB, mo koayots TMEDIO (transmembrane p24
trafficking protein 10), MYL9 (myosin, light chain
9, regulatory), SPOCKI1 (sparc/osteonectin, cwcv
and kazal-like domains proteoglycan 1), CUL4A
(cullin 4A) Ta CUL4B B kiitunax raiomu Jinii US7
y kKoHTpoui Ta 3a HokjpayHy ERNI. Tlokasano, 1o
3a JAe(IIUTy TIIOKO3U CIIOCTEPIrajioch 3HAUHE ITijI-
BUIIIEHHS piBHA ekcrpecii reHiB MYL9, SPOCK1 ra
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CULA4B B xoHTpOIBHHX KTiTHHAX TIioMu. Hokayn
ERNI MonmuikyBaB 4y TAUBICTB 0 NeDillATY TIIO-
KO3M BCIX JOCIIPKEHUX I€HIB 3a BUHATKOM I'eHa
TMEDI10. B ymoBax nediuuty riayTaMiHy eKcIpe-
cis reriB MYL9, CUL4A ta CUL4B B KOHTPOJBHUX
KJIITHHAX TJIOMHU TOCHJIIOBANIAach. Y KIIITHHAX IIIi0-
mu 3 ipurHiveHUM ERN1 uyTnuBicTh ekcnpecii re-
HiB MYL9, TMED10 ta CUL4B no medinuty riy-
TaMiHy OyJna iCTOTHO 3MIiHEHOIO, TOAI SIK eKCIpecis
reriB CUL4A ta SPOCK1 He 3ayexasa BiJl IPUTHI-
yerHsi ERNI1. Pesynbratu poOOTH TIPOAEMOHCTPY-
BaJIM, 110 3a Ae(]INHUTY TITFOKO3M 1 TIyTaMiHy eKC-
npecist OUIBIIOCTI JOCIIIPKEHUX T'eHIB crielupiaHO
nopy1ryeThes 1 mo npurHideHHss ERN1 curnamio-
BaHHS 32 TAKUX YMOB MOJU]IiKye iX ekcrpecito. Bu-
SIBJICHI 3a IeIUTY TIIOKO3M Ta MIyTaMiHy 3MiHH
y ipoditi ekcrpecii ToCTiJKyBaHUX T'eHIB MOKYTh
BiJIirpaBaTu pojib y 3HWKEHHI Tpotidepatii KIiTHH
riiomu 3 mpurHiveHnM ERNI.

KnwuyoBi cmoBa: ekcnpecis MPHK,
TMED10, MYL9, SPOCK1, CUL4A, CUL4B, iuri-
OoysanHss ERNI, mediuuT rinroko3n Ta riyTaminy,
kyituHu rmiomu U8T.
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