BIOTECHNOLOGIA ACTA, V. 10, No 4, 2017

UDC 577.112:616 https://doi.org/10.15407 /biotech10.04.034

IRE1 KNOCKDOWN MODIFIES THE EFFECT
OF GLUTAMINE DEPRIVATION ON THE EXPRESSION
OF A SUBSET OF PROTEASES IN U87 GLIOMA CELLS
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The aim of this research was to study the effect of glutamine deprivation on the expression of genes
encoding for HTRA1/PRSS11, LONP1/PRSS15, and some cathepsins in U87 glioma cells in relation to
inhibition of IRE1 (inositol requiring enzyme-1). It was shown that in control glioma cells (transfected
by empty vector) glutamine deprivation up-regulated the expression of LONP1, CTSD, CTSF, CTSO,
and CTSS genes, down-regulated HTRA1, CTSC, and CTSK gene expressions, and did not significantly
change the expression of CT'SA, CTSB, and CTSL genes. Inhibition of IRE1 signaling enzyme function
in U87 glioma cells modified the effect of glutamine deprivation on the expression of HTRAI, LONPI1,
CTSD, CTSL, CTSO, and CTSS genes: removed the effect of glutamine deprivation on HTRAI and
CTSO genes, introduces on CTSL gene, reduced — on CTSD gene, and enhanced — on LONPI and
CTSS genes. Therefore, glutamine deprivation affect the expression level of most studied genes in
relation to the functional activity of IRE1 enzyme, a central mediator of endoplasmic reticulum stress,
which responsible for control of cell proliferation and tumor growth.
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glutamine deprivation, U87 glioma cells.

The HtrA serine peptidase 1 (HTRA1) is a
secreted enzyme that regulate the availability
of insulin-like growth factors (IGFs) by
cleaving IGF-binding proteins, inhibits
signaling mediated by TGF-beta family
members and thus has been suggested to be a
regulator of cell proliferation [1-3]. HTRA1
overexpression exerts anti-tumor effect by
blocking the NF- B signaling pathway [4].
The mitochondrial Lon peptidase 1 (LONP1),
also known as serine protease 15 (PRSS15),
is a mitochondrial matrix protein that
belongs to the Lon family of ATP-dependent
proteases and mediates the selective
degradation of misfolded, unassembled or
oxidatively damaged polypeptides as well as
certain short-lived regulatory proteins in the
mitochondrial matrix, but not aggregated
proteins [5, 6]. It may also have a chaperone
function in the assembly of protein complexes
into inner membrane, and participate in the
regulation of gene expression in mitochondria
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and maintenance of the integrity of the
mitochondrial genome [7]. Lon peptidase 1 is
not responsible for oncogenic transformation,
but that is essential for proliferation and
survival of cancer cells, because it is a
key enzyme controlling mitochondrial
bioenergetics in cancer [7, 8]. Therefore, this
peptidase is an essential protein for life and
that it also performs a critical function in
tumorigenesis by regulating the bioenergetics
of cancer cells as a central regulator of
mitochondrial activity in oncogenesis [6].
Recently was shown that inhibition of Lon
peptidase 1 by the triterpenoid, anticancer
molecule, alters mitochondrial function and
is associated to cell death in RKO human
colon cancer cells [9]. Moreover, LONP1
expression is induced by various stimuli,
including reactive oxygen species and
hypoxia, and provides protection against
cell stress [10]. Down-regulation of this
enzyme is associated with organism ageing
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and with cell senescence, while up-regulation
is observed in cancer cells, and is correlated
with a more aggressive phenotype of tumors
[6]. Consequently, the mitochondrial Lon
peptidase 1 is at the crossroads of oxidative
stress, ageing and cancer. It was also shown
that mitochondrial proteins, LONP1 and
prohibitin, are over-expressed in HTRA2(-/-)
mouse embryonic fibroblast cells and HTRA2
knock-down HEK293T cells, indicating that
mitochondrial HTRA2 might be an upstream
regulator of mitochondrial homeostasis [11].
A key role in cellular protein turnover has
a group of lysosomal proteases, cathepsins,
which play multiple roles in cancer and
autophagy[12, 13]. Cathepsin A (CTSA), also
known as chaperone protective protein and
protective protein for beta-galactosidase,
is a carboxypeptidase, which present at the
cell surface, endoplasmic reticulum, nucleus
and also secreted outside the cell. CTSA
associates with these enzymes and exerts
a protective function necessary for their
stability and activity as well as involved
in tumor progression and metastasis by
degrading the extracellular matrix [13, 14].
It plays a significant role in the processing
of endogenous bioactive peptides and is also
involved in inhibition of chaperon-mediated
autophagy [12]. In was recently shown that
over-expression of CTSA associates with the
cellular oxidative stress response [15].
Cysteine proteinase CTSB is also present at
the cell surface, nucleus and mitochondrion,
implicated in tumor invasion and metastasis
as well as toll-like receptor (TLR) signaling
pathway [16]. It was also shown that inhibition
of cathepsin B activity by clioquinol-ruthenium
complex impairs tumor cell invasion [17]. It is
interesting to note that extracellular matrix
remodeling by cell adhesion-related processes is
critical for proliferation and tissue homeostasis
[18]. Moreover, Huber et al. [19] shown that
the UPAR (urokinase plasminogen activator
receptor) interacts with CYRG61 (cysteine-rich
angiogenic inducer 61) and the YB-1 (Y-box-
binding protein 1) in the triple-negative breast
cancer and that both interactors significantly
correlated with expression levels of cathepsin
B and c¢c-MET as well as the tumor grade. The
expression level of CYRG61 strongly correlated
with cathepsin D level [19]. Cathepsin B also
participates in autophagy, which mediates
tumor suppression via cellular senescence [20].
Cysteine proteinase CTSC is associated
with an enhanced degradation of glycosamino-
glycans, proteoglycans, and glycoproteins, and
results in their decreased tissue content. Its

increased tissue activity is observed in many
pathological conditions [11]. This cathepsin
releases the glycosidases from complexes
formed with cathepsin A, and reinstates their
activity [11]. Furthermore, CTSB, CTSC,
CTSD, and are increased in numerous tumors
[21, 22]. It is interesting to note that matrix-
metalloproteinase-9 is cleaved and activated by
cathepsin K [23]. Moreover, almost identical
substrate specificities were determined for
cysteine cathepsins K, L and S[24].

The unfolded protein response/
endoplasmic reticulum stress is responsible
for enhanced cancer cell proliferation and
knockdown of IRE1l, a major signaling
pathway of endoplasmic reticulum stress,
by a dominant-negative construct of IRE1
(dnIRE) resulted in a significant anti-
proliferative effect on glioma growth [25—-27].
The rapid growth of solid tumors generates
micro-environmental changes in association
to nutrient deprivation, hypoxia, and
acidosis, which promote neovascularisation,
cell survival and proliferation [28-30].
IRE1 (inositol requiring enzyme-1) is a key
regulator of cell life and death processes [28,
31]. Recently, we have shown that glutamine
deprivation affects the expression of
proliferation related genes in U87 glioma cells
and that IRE1 knockdown modifies glutamine
deprivation effects on these genes expression
possibly contributing to suppression of
glioma cells proliferation [32]. Previously,
we have shown that most cathepsins as well as
LONPI1 are regulated by IRE1 signaling and
hypoxia[33], but the precise mechanism of the
exhibited by IRE1 knockdown is not clear yet.

Malignant gliomas are highly aggressive
tumors with very poor prognosis and glutamine
is important to development and a more
agressive behaviour of these tumors [30, 34,
35]. However, mechanisms whereby cancer cells
regulate glutamine catabolism remain largely
unknown [32, 35, 36]. A better knowledge of
tumor responses to glutamine deprivation
condition is required to elaborate new
therapeutical strategies of cell sensibilization,
based on the blockade of survival mechanisms.

The aim of this study was investigation the
effect of glutamine deprivation condition on
the expression of HTRA1/PRSS11, LONP1/
PRSS15, and a subset of cathepsins in glioma
cells in relation to inhibition of IRE1, a major
signaling enzyme of endoplasmic reticulum
stress, with hopes of elucidating its mechanistic
part in the development and progression of
glioma and the contribution to unfolding
protein response.
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Materials and Methods

Cell Lines and Culture Conditions. In this
study we used two sublines of U87 glioma
cells, which are growing in high glutamine
(4.5 g/1) Dulbecco’s modified Eagle’s minimum
essential medium (DMEM; Gibco, Invitrogen,
USA) supplemented with glutamine (2 mM),
10% fetal bovine serum (Equitech-Bio, Inc.,
USA), streptomycin (0.1 mg/ml; Gibco) and
penicillin (100 units/ml; Gibco) at 37 °C in a
5% CO, incubator. One subline was obtained
by selection of stable transfected clones with
overexpression of vector (pcDNAS3.1), which
was used for creation of dominant-negative
constructs (dnIRE1). This untreated subline
of glioma cells (control glioma cells) was
used as control 1 in the study of effects of
glutamine deprivation on the expression level
of PRSS15 and a subset of cathepsins mRNA.
Second subline was obtained by selection of
stable transfected clones with overexpression
of dnIRE1 and has suppressed both protein
kinase and endoribonuclease activities of
this bifunctional sensing and signaling
enzyme of endoplasmic reticulum stress. The
expression level of all studied genes in these
cells was compared with cells, transfected
by vector (control 1). The subline, which
overexpress dnIRE1, was also used as control
2 for investigation the effect of glutamine
deprivation condition on the expression level
of studied in cells with inhibited function of
signaling enzyme IRE1. Clones were received
by selection at 0.8 mg/ml geneticin (G418)
and grown in the presence of this antibiotic at
lower concentration (0.4 mg/ml). Glutamine
deprivation condition were created by changing
the complete DMEM medium into culture plates
on the medium without glutamine (from Gibco)
and plates were exposed to this condition for
16 h.

The suppression level of IRE1 both
enzymatic activity in glioma cells that
overexpress a dominant-negative construct
of inositol requiring enzyme-1 was estimated
previously [37] by determining the expression
level of XBP1 alternative splice variant
(XBP1s), a key transcription factor in IRE1
signaling, using cells treated by tunicamycin
(0.01 mg/ml during 2 hrs). Efficiency of
XBP1s inhibition was 95% . Moreover, the
proliferation rate of glioma cells with mutated
IRE1 is decreased in 2 fold [38]. Thus, the
blockade of both kinase and endoribonuclease
activity of signaling enzyme IRE1l has
significant effect on proliferation rate of
glioma cells.
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RNA isolation. Total RNA was extracted
from glioma cells using Trisol reagent
(Invitrogen, USA) and chloroform as previously
described [38]. The RNA was precipitated by
equal volume of 2-propanol. The RNA pellets
were washed with 75% ethanol and dissolved in
nuclease-free water. For additional purification
RNA samples were re-precipitated with 95%
ethanol and re-dissolved again in nuclease-free
water. RNA concentration as well as spectral
characteristics was measured using NanoDrop
Spectrophotometer.

Reverse transcription and quantitative PCR
analysis. QuaniTect Reverse Transcription
Kit (QIAGEN, Hilden, Germany) was used for
cDNA synthesis as described previously [38].
The expression level of HTRA1, LONP1, CTSA,
CTSB, CTSC, CTSD, CTSF, CTSK, CTSL,
CTSO, and CTSS mRNA were measured in
glioma cell line U87 and its subline (clone 1C5)
by real-time quantitative polymerase chain
reaction using “QuantStudio 5 Real-Time PCR
System” (Applied Biosystems) and ,,RotorGene
RG-3000” qPCR (Corbett Research, Germany)
and Absolute gPCR SYBRGreen Mix (Thermo
Fisher Scientific, ABgene House, Epsom,
Surrey, UK). For amplification 40 cycles
(94°C — 20 s, 55°C — 20 s and 72°C —
20 s) were used. Polymerase chain reaction was
performed in triplicate.

For quantitative polymerase chain reaction
were used the pair of primers specific for
each studied gene (Table). The primers were
received from “Sigma-Aldrich” (St. Louis,
MO, USA). The quality of amplification
products was analyzed by melting curves and
by electrophoresis using 2% agarose gel. An
analysis of quantitative PCR was performed
using special computer program “Differential
Expression Calculator”. The values of LONP1,
CTSA, CTSB, CTSC, CTSD, CTSF, CTSK,
CTSL, CTSO, and CTSS 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
performed in 4 independent experiments.
Statistical analysis was performed according
to Student’s t-test using Excel program as
described previously [39].

Results and Discussion

To determine if glutamine deprivation
regulates the genes of interest through
the IRE1 branch of endoplasmic reticulum
stress response, we investigated the effect
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of glutamine deprivation condition on the
expression of genes encoding HTRA1/PRSS11,
LONP1/PRSS15, and a subset of cathepsins
in U87 glioma cells in relation to knockdown
of IRE1 signaling enzyme, which is a major
component of the unfolded protein response/
endoplasmic reticulum stress. As shown in
Fig. 1, the exposure of control glioma cells
(transfected by empty vector) upon glutamine
deprivation condition leads to up-regulation
of LONP1 mRNA expression (+39%) as
compared to cells growing with glutamine.
The expression level of CTSD, CTSF, CTSO,
and CTSS genes is also up-regulated at this
experimental condition: +64, +34, +18, and
+27% , correspondingly, as compared to control
cells. At the same time, the exposure of control
glioma cells to glutamine deprivation condition
leads to down-regulation of HTRA1, CTSC, and
CTSK gene expressions: —19, —26, and —15%,
correspondingly (Fig. 1). Furthermore, the
expression of CT'SA, CTSB, and CTSL genes in
control glioma cells was resistant to glutamine
deprivation.

As shown in Fig. 2, inhibition of IRE1
signaling enzyme function in U87 glioma cells
leads to significant up-regulation of LONPI,
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CTSD, CTSF, and CTSS gene expressions
(+59, +38, +40, and +55%, correspondingly),
as compared to control dnIRE1 expressed
glioma cells. At the same time, the expression
of HTRA1 and CTSO genes does not change
significantly upon glutamine deprivation in
glioma cells without functional activity of
signaling enzyme IRE1. Results, presented in
Fig. 2, also demonstrate that exposure of glioma
cells (transfected by dnIRE1) upon glutamine
deprivation condition leads to down-regulation
of CTSC and CTSK mRNA expression (31
and —-19%, correspondingly) as compared
to cells growing with glutamine. Therefore,
inhibition of IRE1 signaling enzyme function
in U87 glioma cells by dnIRE1 introduces
the sensitivity of CTSL gene expression to
glutamine deprivation (+35%).

Asshown in Fig. 3 and 4, inhibition of IRE1
signaling enzyme function in U87 glioma cells
modifies the effect of glutamine deprivation
on the expression of HTRA1, LONPI1, CTSD,
CTSL, CTSO, and CTSS genes and does not
change significantly the sensitivity of CTSA,
CTSB, CTSF, and CTSK gene expressions to
glutamine deprivation condition. Thus, IRE1
knockdown in U87 glioma cells significantly
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Fig. 1. Effect of glutamine deprivation on the expression level of CTSA, CTSB, CTSC, CTSD, CTSF, CTSK,
CTSL, CTSO, CTSS, LONP1, and HTRA1 mRNA in control U87 glioma cells stable transfected with vector
measured by PCR. Values of these mRNA expressions were normalized to beta-actin mRNA
and represented as percent of control (cells growing with glutamine; 100% );
hereinafter: mean = SEM; * — P < 0.05 versus control
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Fig. 2. Effect of glutamine deprivation on the expression level of CTSA, CTSB, CTSC, CTSD, CTSF, CTSK,
CTSL, CTSO, CTSS, LONP1, and HTRA1 mRNA in U87 glioma cells stable transfected with dnIRE1 measured
by qPCR. Values of these mRNA expressions were normalized to beta-actin mRNA and represented as percent

of control (dnIRE1 cells growing with glutamine; 100%)

enhances effect of glutamine deprivation on
the expression of LONP1 and CTSS genes,
but removes the sensitivity of HTRAI and
CTSO genes to glutamine deprivation. The
expression of CTSL mRNA was resistant to
glutamine deprivation in control glioma cells
with functionally active IRE1, but glutamine
deprivation introduces sensitivity of this gene
expression to glutamine deprivation (Fig. 4),
indicating IRE1-dependent up-regulation of
this gene expression by glutamine. At the same
time, as shown in Fig. 3, the sensitivity of CT'SD
gene expression to glutamine deprivation is
IRE1-dependent, because IRE1 knockdown
significantly reduces the effect of glutamine
deprivation on the expression of CTSD gene.
Additionally, we found that the expression
of genes encoding for cathepsin A and B are
resistant to glutamine deprivation condition
both in glioma cells containing dnIRE1 and
cells with IRE1 knockdown.

Thus, this study has demonstrated that
glutamine deprivation affects the expression of
the majority of the genes encoding cathepsins as
well as HTRA1/PRSS11 and LONP1/PRSS15
preferentially in the IRE1-dependent manner
and that these genes potentially contribute to
regulation of cell proliferation, apoptosis, and
metastasis.
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The endoplasmic reticulum stress is
responsible for enhanced cancer cell prolife-
ration and knockdown of IRE1l, a major
signaling pathway of endoplasmic reticulum
stress, resulted in a significant anti-
proliferative effect on glioma cell proliferation
and tumor growth [35, 37, 38]. Our results
demonstrate that IRE1 knockdown eliminates
the suppressive effect of glutamine deprivation
on the expression of HTRAI gene. The HTRA1
gene overexpression exerts anti-tumor effect
by blocking the NF-«kB signaling pathway
and regulates the availability of insulin-like
growth factors (IGFs) by cleaving IGF-binding
proteins, and thus has been suggested to be a
regulator of cell proliferation [1-4]. Thus, our
data correlates well with these results. It is
known that LONP1 have variable functions [5,
6] and increased level of this gene transcript
both in control and IRE1 knockdown glioma
cells upon glutamine deprivation can be
responsible for selective degradation of
misfolded and certain short-lived regulatory
proteins in the mitochondrial matrix, which
should be induced by glutamine deprivation
[26]. It is possible that the regulation of this
gene expression by glutamine deprivation is
mediated by IRE1 and blockade of this signaling
enzyme function enhances the sensitivity of
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Fig. 3. Relative effect of glutamine deprivation on the expression level of CTSA, CTSB, CTSC, CTSD,
and CTSF genes in two types of glioma cells:
control cells transfected by vector (Vector) and cells with a deficiency of the signaling enzyme IRE1 (dnIRE1)
measured by quantitative PCR.Values of these gene expressions were normalized
to beta-actin and represented as percent of corresponding control
(control for both cell types is accepted as 100% ); hereinaffter: NS — no significant changes
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Fig. 4. Relative effect of glutamine deprivation on the expression level of CTSK, CTSL, CTSO, CTSS,
LONP1/PRSS15, and HTRA1/PRSS11 genes in two types of glioma cells: control cells transfected by vector
(Vector) and cells with a deficiency of the signaling enzyme IRE1 (dnIRE1) measured by quantitative PCR.
Values of these gene expressions were normalized to beta-actin and represented as percent of corresponding
control (control for both cell types is accepted as 100% )
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Characteristics of the primers used for quantitative real-time polymerase chain reaction

Gene Gene name Primer’s sequence Nucleotide numbers GenBank
symbol and EC number (Enzyme in sequence accession
Commission number) number
HTRA1 HtrA serine peptidase 1 F: 5’- tggaatctectttgeaatee 1175-1194 NM_002775
(PRSS11) | (serine protease 11, IGF R: 5’- acgctectgagatcacgtet 1365-1346
binding)
EC_number=+3.4.21.108”
LONP1 mitochondrial lon pepti- F: 5’- atctacctgagegacatggg 1111-1130 NM_004793
(PRSS15) dase 1 (hLON ATP- R: 5’- ttacggtgggtctgettgat 1304-1285
dependent protease;
serine protease 15)
EC_number=“3.4.21.53”
NM_000308
CTSA cathepsin A F: 5’- cagctgcttecacctaccte 1432-1451
(chaperone protective R: 5'- cttetggttgagggaateca 1682-1663
protein; carboxypeptidase
0
EC_number=“3.4.16.5”
CTSB cathepsin B F: 5’- caagccaccccagagagtta 360-379 NM_001908
EC_number=“3.4.22.1” | R: 5’- tagaggccaccagaaaccag 680-661
cathepsin C F: 5’- tcagaccccaatectaagee 949-968 NM 001814
CTSC EC_number=“3.4.14.1” R: 5’- gcatggagaatcagtgectg 1108-1089
CTSD cathepsin D F: 5’- caagttcgatggcatectgg 712-731 NM_001909
EC_number=“3.4.23.5” | R: 5’- cgggtgacattcaggtagga 930-911
CTSF cathepsin F F: 5'- aggagctcttggactgtgac 1052-1071 NM_003793
EC_number=“3.4.22.41” R: 5’- tagaccttggecttetetge 1217-1198
CTSK cathepsin K F: 5’- gctcaaggttctgetgetac 238-257 NM_000396
EC_number=“3.4.22.38” R: 5'- tettecactggtecatgtecce 483—-464
CTSL cathepsin L F: 5’- acagcttcacaatggccatg 562-581 NM_001912
EC_number=%3.4.22.15” | R: 5’- aagcccaacaagaaccacac 717-698
CTSO cathepsin O F: 5’- attatggctgcaatggagge 549-568 NM_ 001334
EC_number=%3.4.22.42” | R: 5’- gggccaaaggtaagaagtge 768-749
CTSS cathepsin S F: 5’- aacaagggcatcgactcaga 272-291 NM_004079
EC_number=“3.4.22.27” | R: 5’- aagaaagaaggatgacgcgc 468-449
ACTB beta-actin F: 5'- ggacttcgagcaagagatgg 747-766 NM_ 001101
R: 5’- agcactgtgttggegtacag 980-961

the expression of LONP1 gene to glutamine
deprivation. Thus, the increased expression of
the LONP1 gene upon glutamine deprivation is
agreed well with functional role of this protease
[7, 8]. It is possible that the regulation of this
gene expression by glutamine deprivation
is mediated by other signaling pathways of
endoplasmic reticulum stress like ATF3,
HOXC6, and FOXF1 genes [40]. Therefore,
LONP1 protease is an essential enzyme for life
and plays a critical function in tumorigenesis
by regulating the bioenergetics of cancer cells
as a central regulator of mitochondrial activity
in oncogenesis. Furthermore, the expression
of this mitochondrial protease is induced

40

by various stimuli, including hypoxia and
reactive oxygen species, and possibly provides
protection against cell stress [6].

Glutamine deprivation is reduced the
expression level of CTSC gene, which is a
tissue-specific regulator of carcinogenesis[21],
in glioma cells independently of IRE1 activity
and possibly contributes in suppression of
tumor growth. We have also shown that the
expression of cathepsin D, which has multiple
rolesin cancer[19, 22], is also increased both in
control and IRE1 knockdown glioma cells upon
glutamine deprivation, but inhibition of IRE1
signaling enzyme in glioma cells decreases the
sensitivity of this gene expression to glutamine
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deprivation. It is possible that this decrease
of sensitivity of CTSD gene expression to
glutamine deprivation upon IRE1 inhibition can
contribute to the suppression of proliferation
of glioma cell without IRE1 function [37, 38].
Moreover, almost all cathepsins have specific
functions and consequently diverse changes
upon glutamine deprivation [41, 42].

In conclusion, our results demonstrate
that the majority of the genes studied are both
responsive to glutamine deprivation in IRE1
dependent manner and potentially contribute
to regulation of cell proliferation, metastasis,
and apoptosis through various signaling
pathways and stress related transcription, but

the mechanisms and functional significance of
activation of their expression through IRE1
inhibition as well as glutamine deprivation are
different and warrant further investigation.
Thus, the changes observed in the studied
genes expression partially agree with slower
proliferation rate of glioma cells harboring
dnIRE]1, attesting to the fact that targeting the
unfolded protein response is viable, perspective
approach in the development of cancer
therapeutics, because glutamine starvation by
glutaminase inhibitor, transporter inhibitor,
or glutamine depletion has shown to have
significant anti-cancer effect in pre-clinical
studies [28, 37, 43, 44].
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Mertoto po6oTu 6yI0 BUBUUTU BILIUB Aedimu-
Ty TJIyTaMiHy Ha eKCIpeciio reHiB, I10 KOLYIOTH
HTRA1/PRSS11, LONP1/PRSS15 Ta nmedaki xa-
TelCUHU y KJaiTumHax riaiomu Jginii U887 3a ymoB
npuraiuenas IRE1 (inositol requiring enzyme-1).
IToxkasano, 1110 y KOHTPOJABHUX (TpaHchiKoBaHUX
IIyCTUM BEKTOPOM) KJIiTHHAX TJIioMu aedimutT riy-
TaMiHy ITocmIIoBaB eKcpecito reris LONP1,CTSD,
CTSF,CTSO ta CTSS, npuruiuyBaB eKcIIpecito re-
HiB HTRAI1,CTSCiCTSK, ajye icTOTHO He BILINBaB
Ha ekcnpecito reriB CTSCA, CTSB ta CTSL. Ilpu-
rHiveHHA QyHKI1I1 curHaiabHoro easumy IRE1 y Kri-
TuHaxX Tiomu JiHil U87 3mimioBasio edekT aediim-
Ty TIyTaMiHy Ha ekcipecito renis HTRA1, LONP1,
CTSD,CTSL,CTSO ta CTSS: saimayo edeKT gedi-
nuty roryraminy Ha reau HTRAI ta CTSO, iHoyKy-
Bajsio — Ha red CTSL, ameHtryBaiao — Ha red CTSD
i mocumtoBaso — Ha reiu LONP1 ta CTSL. Takum
YHOM, AedinuT riayraMiny 3MiHIOBaB piBeHb eKcC-
mpecii 6ibITOCTI JOCTiMKeHX TeHiB 3aJIe’KHO Bif
dyuriionaabHol akTuBHOCTI ersumy IRE1, 1meH-
TPaJBHOTO MeJiaTopa CTPecy eHIOIIa3MaTUYHOTO
pPeTuKyJIyMa, AKUI BiAIIOBigae 3a KOHTPOJIb IPOJTi-
(eparii KIiTUH Ta POCTY TYXJINUH.

Knrwuwosi cnoea: excupecia MPHK, HTRA1/
PRSS11, LONP1/PRSS15, karerncunu, IPUTHI-
yenuda IRE1, gedpinuT rayraminy, KJIiTUHU TJio-
mu gimii U87.
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ITenpio paboTHI OBLIIO UBYUYUTDH BIAUAHUE NedU-
IUTa TVIyTaMUHA Ha 9KCIPECCUI0 T€HOB, KOTUPYIO-
mux HTRA1/PRSS11, LONP1/PRSS15 u HekoTto-
Ppble KaTelICUHbBI B KJIeTKax riinoMbl Juauu U8T mpu
yruereaun IRE1 (inositol requiring enzyme-1).
IToxasaHo, YTO B KOHTPOJILHBIX (TpaucheIrnpoBaH-
HBIX ITYCTBIM BEKTOPOM ) KJIETKAX TJIMOMBI Te(DUITAT
TJIyTaMUHA YCUJINBAJ 9KcIrpeccuio renoB LONPI,
CTSD,CTSF,CTSOuCTSS, yrueray 3KCIpPeCCUIO
reaoB HTRA1,CTSC u CTSK, HoO CyIIIeCTBEHHO He
BJINA Ha 9Kcirpeccuto reHoB CTSA, CTSBu CTSL.
VYruereunne pyHKIINYU curHaJIbHOTO 9H3uMa IRE1 B
KJeTKax ryinoMbl JuHum U87 nuaMeHA0 ahdeKT ne-
duiuTa TIIyTaMUHa Ha dKcrpeccuio renoB HTRAI,
LONPI1, CTSD, CTSL, CTSO u CTSS: cuumaJio
aderT medurnura rayramuaa Ha redbl HTRAI u
CTSO, nunynupoBango — Ha reH CTSL, ymeHbIIIa-
a0 — Hared CTSD u yecunuBaiao — Ha reHsl LONP1
u CTSL. Takum o6pa3oM, AePUITUT TIyTaMUHA U3-
MEHSLJI YPOBEHDb 9KCIIPECCUU OOIBIITUHCTBA U3YUEH-
HBIX T€HOB B 3aBUCUMOCTH OT (QYHKITMOHAJIBHON
axkTuBHOCcTHu sH3uMa IRE1, nerTpasbHOr0 Meaua-
TOpa CcTpecca 9HI0IIa3MaTUUYECKOr0 PETUKYJIyMa,
OTBEUAIOIIET0 38 KOHTPOJIb Ipoaudepan KJIeTOK
U pOCTa OITyXO0JIeH.

Knrwuesvte cnosa: sxcrnpeccus MPHK, HTRA1/
PRSS11, LONP1/PRSS15, karemcuHu, yraere-
Hue IRE1, nedpunur rayramMuHa, KJIeTKU TJIXOMbI
aunaun U8T.
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