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We have studied the effect of chromium disilicide and titanium nitride nanoparticles on the expres-
sion level of genes encoding important regulatory enzymes and factors (NAMPT, UPS7, E2FS8, FAS/TNFSF6,
TBX3, and ILI3RA2) in mouse liver for evaluation of possible toxic effects of these nanoparticles. It was shown
that treatment of mice by titanium nitride nanoparticles (20 nm; 20 mg with food every working day for 2
months) led to up-regulation of the expression of NAMPT, FAS, TBX3, and ILI3RA2 genes and to down-regu-
lation of USP7 and E2F8 genes in the liver tissue. Changes for TBX3 and ILI3RA2 genes were more signifi-
cant than for other genes. Furthermore, treatment of mice by chromium disilicide nanoparticles (45 nm; 20 mg
with food every working day for 2 months) led to more significant changes in the expression of USP7, E2F§,
FAS, and TBX3 genes in comparison to the effect of titanium nitride nanoparticles. At the same time, effect of
titanium nitride nanoparticles on the expression of NAMPT gene in the liver tissue was stronger as compared
to chromium disilicide nanoparticles. Additionally, treatment of mice by chromium disilicide nanoparticles
did not change significantly the expression of ILI3RA2 gene in the liver. The present study demonstrates that
chromium disilicide and titanium nitride nanoparticles had variable effects on the expression of most studied
genes in a gene specific manner, which possibly reflect genotoxic activities of studied nanoparticles, but mo-
lecular mechanisms of observed changes in gene expressions warrant further investigation.

Key words: mRNA expression, NAMPT, UPS7, E2F8, TBX3, FAS, ILI3RA2, chromium disilicide nanopar-
ticles, titanium nitride nanoparticles, mouse liver.

rapid development of nanoscience and na-
A notechnologies has given a rise to wide

range applications of man-made nanoma-
terials in specific biomedicine fields for treating,
diagnosing, monitoring, controlling, and repairing
biological systems at the molecular level. Titanium
dioxide nanoparticles belong to the most widely
manufactured nanoparticles (NPs) on a global scale
because of their photocatalytic properties and the
related surface effects. Ultrafine titanium dioxide

nanoparticles is widely used in the number of ap-
plications, including white pigment in paint, ce-
ramics, food packaging material, food additive,
cosmetic creams, toothpastes, and component of
surgical implants [1]. However, long-term exposure
to titanium dioxide nanoparticles led to accumula-
tion of these nanoparticles in brain, oxidative stress,
over-proliferation of all glial cells, tissue necrosis
as well as hippocampal cell apoptosis, resulted in
neurogenic disease states in mice [2]. Significant
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changes in brain gene expressions were also foun-
ded: significant increases in collagen Al (COL1A1),
serine/threonine-protein kinase 1 (AKT1), catenin
B1 (CTNNBI), cysteine and serine rich nuclear pro-
tein 1 (CSRNP1), DDIT4 (DNA Damage Inducible
Transcript 4), cytochrome P450 family 2 subfamily
E member 1 (CYP2E1), and Krev interaction trapped
protein 1 (KRIT1) expressions and great decreases
in dopamine receptor D2 (DRD2), neuraminidase 1
(NEU1), Fc receptor-like A (FCRLA), and 7-dehy-
drocholesterol reductase (DHCR7) expressions [2].
Furthermore, recently was shown that oral adminis-
tration of titanium dioxide nanoparticles disrupts he-
patic metabolic functions in a mouse model [3]. Tita-
nium nitride nanoparticles have favorable properties
and are used for the coating of orthopedic implant,
coronary stents, and syringe needles as well as for
improving long-term implants in dental medicine
[4-7]. At the same time, very little is known about
the toxicity including genotoxicity induced by titani-
um nitride nanoparticles and the effect of these nano-
particles on liver gene expressed profile has not been
reported. There is data that chromium oxide nano-
particles had significant cytotoxic effects on murine
fibrosarcoma cells [8], but the toxicity of chromium
disilicide nanoparticles has not been studied yet.
Nicotinamide phosphoribosyltransferase
(NAMPT), also known as PBEF (pre-B-cell colo-
ny enhancing factor 1) or visfatin, is thought to be
involved in many important biological processes,
including metabolism, stress response and aging.
NAMPT mediated NAD biosynthesis regulates
the function of Sir2a and plays an important role
in controlling various biological events including
apoptosis, cell proliferation, insulin sensitivity and
cancer growth [9-11]. FAS (FAS cell surface death
receptor), also known as apoptosis signaling recep-
tor FAS or TNF receptor superfamily member 6
(TNFSF6), plays a central role in the physiological
regulation of programmed cell death, cell prolifera-
tion and has been implicated in the pathogenesis of
various malignancies and diseases of the immune
system [12-14]. It is possible that FAS and TNFR/
TNFa pathways may have roles in coordinating
signaling activities between proliferation and apo-
ptosis [12]. Furthermore, FAS can participate in
regulation of cardiac angiogenesis by pigment ep-
ithelial-derived factor (PEDF) [13]. There is data
that organic extraction from drinking water impairs
liver function with the involvement of death recep-
tor FAS and mitochondria-mediated apoptosis in
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rats [14]. Interleukin 13 receptor, a2 (IL1I3RA2) has
high affinity to interleukin-13 and highly expressed
in colorectal cancer, glioblastoma and other malig-
nant tumors, is associated with invasion and liver
metastasis [15, 16]. Moreover, low-dose cadmium
has growth-promoting effects on NPrEC cells and
induces transient overexpression of genes with onco-
genic and immunomodulation functions, including
TNF and ILI3RA2 [17]. Ubiquitin specific peptidase
7 (USP7), also known as herpes virus-associated
ubiquitin-specific protease (HAUSP), is hydrolase
that deubiquitinates target proteins such as FOXO4,
pS3/TP53, MDM2, PTEN, PPARG, and other and
thus participate in control of cell growth repression
and apoptosis [18-20]. There is data that early adi-
pogenesis is regulated through USP7-mediated deu-
biquitination of the histone acetyltransferase TIP60
[21]. Transcription factors play an important role in
the regulation various metabolic pathways as well
as proliferation and apoptosis. The evolutionarily
conserved T-box family of transcription factors has
critical and well-established roles in embryonic de-
velopment and also gained increasing prominence
in the field of cancer biology, where a wide range
of cancers exhibit deregulated expression of T-box
factors that possess tumor suppressor and/or tumor
promoter functions [22-24]. Transcription factor
E2F8 has preferentially pro-proliferative properties,
could bind to regulatory elements of cyclin D1 and
VEGFA, regulating transcription of these genes and
promoting proliferation and angiogenesis [24-27].
Moreover, transcription factors E2F8 and TBX3 as
well as ILI3RA2 are stress responsible and inhibi-
tion of IRELI strongly affects these genes expression
[28, 29].

Before, we have shown that C  fullerene and
cerium dioxide nanoparticles affect the expression of
some endoplasmic reticulum stress response genes,
which are linked to cell proliferation, cell surviving
and death processes [28, 29]. Multiple studies have
clarified the link between endoplasmic reticulum
stress, which controls numerous processes including
cell proliferation and surviving and various diseases
including cancer and metabolic diseases [30-33]. It
is possible that long-term treatment of mice to chro-
mium disilicide and titanium dioxide nanoparticles
also led to endoplasmic reticulum stress and altered
expression of stress related genes, which are inte-
grated into the unfolded protein response signaling
pathways and regulate cell proliferation and apop-
tosis.
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The main goal of this study was investigation
of the effect of chromium disilicide and titanium ni-
tride nanoparticles on the expression of key regula-
tory genes (NAMPT, UPS7, E2F8, TBX3, FAS, and
ILI3RA2) in mouse liver for evaluation of possible
genotoxic effects of these nanoparticles.

Materials and Methods

Nanoparticles and Treatment Conditions. Tita-
nium nitride and chromium disilicide nanoparticles
were produced by prof. A. V. Ragulya at . M. Frant-
sevich Institute for Problems of Materials Science of
the National Academy of Sciences of Ukraine. Tita-
nium nitride nanoparticles have medium size 20 nm
and can create conglomerates (Fig. 1 and 2). Chro-
mium disilicide nanoparticles have medium size
45 nm and can create conglomerates (Fig. 1 and 2).

Age-matched male mice, which were kept in
the animal facilities of Bohomolets National Medi-
cal University and housed in a quiet, temperature
controlled room, and were provided with water and
dry food pellets ad libitum, were used. Before re-
moving the liver, mice were sacrificed by cervical
dislocation. All procedures conformed to the guide-
lines of the Bohomolets National Medical University.

A

For treatment of mice by nanoparticles animals re-
ceived 20 mg of titanium nitride or chromium disi-
licide nanoparticles with food every working day
for 2 months. Before using both titanium nitride and
chromium disilicide nanoparticles were treated by
special procedure for disruption of conglomerates.
RNA isolation. Liver tissue (100 mg) was ho-
mogenized into 0.4 ml of Trizol reagent (Invitrogen,
USA) and total RNA was extracted according to
manufacturer protocol as described previously [36].
The RNA pellets were washed with 75% ethanol and
dissolved in nuclease-free water. For additional puri-
fication, RNA samples were re-precipitated with 95%
ethanol and re-dissolved again in nuclease-free wa-
ter. 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 (Lithuania) was used for cDNA synthesis
according to manufacturer’s protocol. The expres-
sion levels of UPS7, NAMPT, E2F8, TBX3, FAS,
and IL13RA2 mRNAs as well as ACTB mRNA
were measured in liver tissue by real-time quantita-
tive polymerase chain reaction using “7500 HT Fast

Fig. 1. The scanning electron microscopy images of titanium nitride (A) and chromium disilicide (B) nano-

particles
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Fig. 2. The size dispersion by the number of titanium nitride (A) and chromium disilicide (B) nanoparticles

Real-Time PCR System” (Applied Biosystems, USA)
and Maxima SYBR Green/ROX qPCR Master Mix
(Thermo Fisher Scientific, USA). Polymerase chain
reaction was performed in triplicate using specific
pair of primers, which were received from Metabion
(Germany), and Sigma-Aldrich (USA).

For amplification of USP7 (ubiquitin specific
peptidase 7; EC_number="3.4.19.12") cDNA we used
forward (5-GTGTCCGGGACCTGTTAGAA-3" and
reverse (5-TGTGGAAATGTGCCACTGTG-3')
primers. The nucleotide sequences of these primers
correspond to sequences 2810-2829 and 30493030
of mouse USP7 cDNA (GenBank accession number
NM_001003918). The size of amplified fragment is
240 bp.

For amplification of NAMPT (nicotinamide
phosphoribosyltransferase; EC_number="2.4.2.12"),
also known as PBEF (pre-B-cell colony-enhancing
factor 1 homolog) or visfatin, cDNA we were used
forward (5-CGAGAAGTACAGAGGCACCA-3’
and reverse (S—CCACGCCATCTCCTTGAATG-3")
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primers. The nucleotide sequences of these primers
correspond to sequences 1137-1156 and 1304—-1285
of human NAMPT cDNA (GenBank accession num-
ber NM_021524). The size of amplified fragment is
168 bp.

The amplification of E2F8 (E2F transcription
factor 8) cDNA for real time RCR analysis was
performed using two oligonucleotides primers: for-
ward — S“ATGGTGTTGGCTGAGATCCA-3" and
reverse — 5S~ACTCGGCTGGGATTTCTCAA-3".
The nucleotide sequences of these primers cor-
respond to sequences 578—597 and 826—807 of
mouse E2F8 ¢cDNA (GenBank accession number
NM_001013368). The size of amplified fragment is
249 bp.

For amplification of transcription factor TBX3
(T-box 3) cDNA we used forward (5-GGCATCC-
CTTTCTCATCCCT=3' and reverse (5—CATTCGC-
CTTCCTGACTTCG-3") primers. The nucleotide
sequences of these primers correspond to sequences
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1006—-1025 and 1179-1160 of mouse TBX3 cDNA
(GenBank accession number NM_011535). The size
of amplified fragment is 174 bp.

The amplification of FAS (FAS cell surface
death receptor), also known as TNFSF6 (TNF re-
ceptor superfamily member 6), apoptosis signaling
receptor FAS, and CD95 antigen, cDNA for real
time RCR analysis was performed using two oligo-
nucleotides primers: forward — S—GTTTTCCCTT-
GCTGCAGACA-3' and reverse (5'-TTGACAG-
CAAAATGGGCCTC-3'). The nucleotide sequences
of these primers correspond to sequences 38—57 and
227-208 cDNA of mouse FAS (GenBank accession
number NM_007987). The size of amplified frag-
ment is 190 bp.

For amplification of IL13RA2 (interleukin
13 receptor, a2) cDNA we used forward (5-CG-
TACGCATTTGTCAGAGCA-3' and reverse (5'—
AGGTTTCCAAGAGCAGACCA-3') primers. The
nucleotide sequences of these primers correspond
to sequences 1282—1301 and 1443—-1424 of mouse
IL13RA2 cDNA (GenBank accession number
NM _001306059). The size of amplified fragment is
162 bp.

The amplification of B-actin (ACTB) cDNA
was performed using forward — 5-CCTCTATGC-
CAACACAGTGC-3'" and reverse — 5'-CCTGCTT-
GCTGATCCACATC-3" primers. These primer
nucleotide sequences correspond to 985-1004 and
1190-1171 of mouse ACTB ¢cDNA (NM_007393).
The size of amplified fragment is 206 bp. The ex-
pression of f-actin mRNA was used as control of
analyzed RNA quantity. The primers were received
from Sigma-Aldrich (USA) and Metabion (Germa-
ny).

Quantitative PCR analysis was performed
using “Differential expression calculator” software.
The values of UPS7, NAMPT, E2F8, TBX3, FAS,
and /LI3RA2 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, USA).

Statistical analysis. Statistical analysis was
performed according to Student’s #-test using Excel
program as described previously [37]. All values are
expressed as mean + SEM from triplicate measure-
ments performed in 4 independent experiments.

Results and Discussion

To determine if prolonged treatment of mice by
chromium disilicide or titanium nitride nanoparticles
have genotoxic effects, we studied the expression
level of a subset of genes encoding important regu-
latory enzymes and factors, such as NAMPT, UPS7,
FAS, E2F8, TBX3, and IL13RA2, in the liver. It was
shown that treatment of mice by titanium nitride
nanoparticles led to up-regulation of the expression
of NAMPT/PBEF gene (+47%) and that chromium
disilicide nanoparticles have smaller but statistically
significant effect (+15%) on this gene expression in
the liver tissue (Fig. 3).

At the same time, titanium nitride and chromi-
um disilicide nanoparticles also enhance the expres-
sion of FAS (Fas cell surface death receptor) gene,
also known as apoptosis signaling receptor FAS and
TNF receptor superfamily ember 6 (TNFSF6), but
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Fig. 3. Effect of prolonged treatment of mice (2
months) by titanium nitride (TiN) and chromium
disilicide (CrSi,) nanoparticles on the expression
of NAMPT mRNA measured by qPCR. The values
of NAMPT mRNA expression were normalized to
[-actin mRNA level and presented as percent of
control (100%); mean + SEM, n = 4
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this gene expression is more sensitive to chromium
disilicide nanoparticles as compared to titanium ni-
tride nanoparticles (Fig. 4). Thus, the treatment of
mice by titanium nitride nanoparticles led to +24%
up-regulation of the expression of FAS mRNA in the
liver and much stronger increase was observed in
mice treated by chromium disilicide nanoparticles
(+63% versus control).

We also investigated the effect of titanium ni-
tride and chromium disilicide nanoparticles on the
expression of ILI3RA2 mRNA in the liver tissue.
As shown in Fig. 5, the expression of this gene is sig-
nificantly up-regulated by titanium nitride (+140%
versus control) but is resistant to chromium disilicide
nanoparticles. More strong changes were obtained
for the expression of gene encoding transcription
factor TBX3. As shown in Fig. 6, the expression of
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Fig. 4. Effect of prolonged treatment of mice (2
months) by titanium nitride (TiN) and chromium
disilicide (CrSi,) nanoparticles on the expression
of FAS/TNFSF6 mRNA measured by qPCR. The
values of FAS mRNA expression were normalized
to f-actin mRNA level and presented as percent of
control (100%); mean £ SEM, n = 4
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TBX3 mRNA was strongly up-regulated in both
groups of mice treated by nanoparticles, being more
significant for animals treated by chromium disili-
cide nanoparticles. Thus, titanium nitride nanopar-
ticles increased the expression of ILI3RA2 mRNA
in the liver up to 219% as compared to control mice
and chromium disilicide nanoparticles — up to 372%
(Fig. 6).

We next investigated the effect of both titanium
nitride and chromium disilicide nanoparticles on the
expression of transcription factor E2F§ mRNA in
mouse liver tissue. As shown in Fig. 7, the expres-
sion of this transcription factor gene is significantly
down-regulated by chromium disilicide nanoparti-
cles (-38% versus control animals). At the same time,
sensitivity of this gene expression to titanium nitride
nanoparticles was much lesser but statistically sig-
nificant (-15% versus to control group of mice). Simi-
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Fig. 5. Effect of prolonged treatment of mice (2
months) by titanium nitride (TiN) and chromium
disilicide (CrSi,) nanoparticles on the expression
of ILI3RA2 mRNA measured by qPCR. The values
of ILI3RA2 mRNA expression were normalized to
[-actin mRNA level and presented as percent of
control (100%); mean + SEM, NS — no significant
changes, n = 4
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Fig. 6. Effect of prolonged treatment of mice (2
months) by titanium nitride (TiN) and chromium
disilicide (CrSi,) nanoparticles on the expression
of TBX3 mRNA measured by gPCR. The values of
this mRNA expression were normalized to p-actin
mRNA level and presented as percent of control
(100%),; mean £ SEM, n = 4

lar changes were obtained for the expression of gene
encoding ubiquitin specific peptidase 7 (USP7). It
was shown that the expression of this mRNA was
slightly decreased in the liver of mice treated by ti-
tanium nitride nanoparticles and that more signifi-
cant changes were observed in the group of animals
treated by chromium disilicide nanoparticles (-37%)
as compared to control animals (Fig. 8).

Therefore, our data clearly demonstrated that
treatment of mice by titanium nitride and chromium
disilicide nanoparticles (20 mg with food every
working day for 2 months) led to up-regulation of
the expression of NAMPT, FAS, and TBX3 genes and
to down-regulation of USP7 and E2F§ genes in the
liver tissue. The expression of /LI3RA2 gene is up-
regulated by titanium nitride nanoparticles only.

In this work, we studied the effect of titanium
nitride and chromium disilicide nanoparticles on the
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Fig. 7. Effect of prolonged treatment of mice (2
months) by titanium nitride (TiN) and chromium
disilicide (CrSi,) nanoparticles on the expression
of E2F8 mRNA measured by qPCR. The values of
E2F8 mRNA expression were normalized to f-actin
mRNA level and presented as percent of control
(100%); mean + SEM, n = 4

expression of a subset of genes encoding different
regulatory enzymes, receptors and transcription fac-
tors, which play an important role in various meta-
bolic pathways and thus control proliferation and
apoptosis [9, 12, 14, 15, 18, 22, 25]. For titanium di-
oxide nanoparticles, which are widely used in the
number of applications, including cosmetic creams,
toothpastes, and component of surgical implants, it
was shown that long-term exposure to these nano-
particles led to accumulation of these nanoparticles
in brain, over-proliferation of glial cells and signifi-
cant changes in brain gene expressions as well as to
neurogenic disease states in mice [1, 2]. At the same
time, the genotoxicity of titanium nitride nanopar-
ticles, which have favorable properties and used for
coronary stents, syringe needles, and the coating of
orthopedic implant as well as in dental medicine for
improving long-term implants [4-7], did not studied
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Fig. 8. Effect of prolonged treatment of mice (2
months) by titanium nitride (TiN) and chromium
disilicide (CrSi,) nanoparticles on the expression
of USP7 mRNA measured by gPCR. The values of
USP7 mRNA expression were normalized to f-actin
mRNA level and presented as percent of control
(100%); mean + SEM, n = 4

yet. At the same time, very little is known about the
toxicity of chromium containing nanoparticles [8].
In this study, we have shown that titanium nitride
as well as chromium disilicide nanoparticles affects
the expression of a subset of genes encoding impor-
tant regulatory enzymes and factors in mouse liver
in gene-specific manner (Fig. 9).

Therefore, long term treatment of mice by tita-
nium nitride nanoparticles led to increased expres-
sion of NAMPT, FAS, TBX3, and ILI3RA2 genes in
the liver with more significant changes for 7BX3
and /LI3RA2 genes. It is well known that proteins
encoded by all these genes play an important role
in controlling apoptosis, cell proliferation, and can-
cer growth [9, 12, 15, 22]. As shown in Fig. 9, the
treatment of mice by chromium disilicide nanopar-
ticles is also led to increased expression of NAMPT,
FAS, and TBX3, but does not affect the expression
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of ILI3RA2 gene. We have also shown that both tita-
nium nitride and chromium disilicide nanoparticles
suppress the expression of £E2F8 and USP7 genes in
the liver and that the effect of chromium disilicide
nanoparticles on these gene expressions was more
significant in comparison to the effect of titanium
nitride nanoparticles. It is well known that proteins
encoding by E2F8 and USP7 genes have variable
properties and can contribute to regulation of cell
proliferation and apoptosis [18, 25, 26]. It is possi-
ble that our results can reflect the genotoxic effect of
titanium nitride and chromium disilicide nanopar-
ticles and are mostly consistent with data Ze et al.
[2] and Alarifi et al. [8] as well as with our previous
data [28, 29].

Therefore, present study demonstrates that
chromium disilicide and titanium nitride nanopar-
ticles had variable effects on the expression of most
studied genes in a gene specific manner, which
possibly reflect genotoxic activities of studied na-
noparticles and their effect on important regulatory
mechanisms controlling cell proliferation and sur-
vival processes. Moreover, our results suggest more
cautions needed in biomedical applications of both
chromium disilicide and titanium nitride nanoparti-
cles. However, the detailed molecular mechanisms of
observed changes in the expression of studied genes
warrant further investigation.

BIIJINB HAHOYACTHUHOK
JUCHJIOUIY XPOMY I HITPUY
TUTAHY HA EKCIIPECIIO T'EHIB
NAMPT, E2F8, FAS, TBX3, ILI3RA2 TA
UPS7Y NEYIHII MUIIEX
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BuBueHo edekT HaHOYACTMHOK AMCHITILHAY
XpoMy Ta HITpUAY TUTaHy Ha pIBEHb eKcmpecii
T'eHiB, 10 KOAYIOTH BaXXJIMBI PETyJIATOPHI CH3UMHU
ta pakrtopu (NAMPT, UPS7, E2F8, FAS/TNFSF6,
TBX3 Ta IL13R A2) B neuiHIli MUTIEH JJIsI BUSBIICH-
Hsl MOXJIUBOIO TOKCHMYHOI'O BILUIMBY IIUX HaHOYa-
CTUHOK. BecTaHoBsI€HO, 1110 32 11ii Ha MUIIel HaHOYa-
CTUHOK HiTpuay TuTany (20 Hm; 20 MT 3 KE10 KOXKEH
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Fig. 9. Schematic representation of genotoxic effect of titanium nitride and chromium disilicide nanoparticles
on the expression of genes encoding important regulatory enzymes and factors, such as NAMPT, UPS7, FAS,
E2F8, TBX3, and ILI3RA2, in the liver of mice treated by these nanoparticles for 2 months;, NC — nonsignifi-

cant changes

II€Hb, KPiM CyOOTH 1 HEZiIi, MPOTATOM 2 MICSIIB) ¥
KJITHHAX TICYiHKY ITOCUIIOBAIACh CKCIIPECis TeHIB
NAMPT, FAS, TBX3 ta ILI3RA2 1 3HWXKyBanach —
USP7 ta E2FS, nmpuyoMy BUpaXeHIIi 3MiHN BHSB-
neHo auist reHiB 7BX3 ta ILI3RA2. 3a nii Ha Mutiei
HAaHOYACTHUHOK JUCHIINHAY Xpomy (45 uwm; 20 mr
3 TKer0 KOXKeH JIeHb, KpiM cyOOTH 1 Hemimi, mpoTs-
TOM 2 MICSIIiB) CITOCTEpiraiaucs OiJBIT BHUpPa’KeHI
3MiHU B ekcripecii reriB USP7, E2F8, FAS ta TBX3
MTOPIBHSHO 3 €peKTOM HAHOYACTUHOK HITPHUIY TUTA-
Hy. B Toii camuii yac BIJIMB HAHOYACTHHOK HITPUTY
THTaHy Ha ekcrpecito reHa NAMPT y TkaHuHi
MeYiHKH OyB BHPaXSHIIIMM TMOPIBHIHO 3 €0 Ha-
HOYACTHHOK TUCHIIuAy xpomy. [Ipore excmpecis

reda /LI3RA2 icTOTHO HE 3MiHIOBajacs B MEYiHII
MHUIIeH 3a Aii Ha HUX HAHOYACTHHOK JHCHIIIIHAY
xpomy. IlokazaHo, 110 HAHOYACTUHKH JAUCHIIIIIUIY
XpOMY Ta HITPUAY TUTAHY MPOSBIISUTH Pi3Hi epekTH
Ha eKCIPecito OLIBIIOCTI TOCIIHKEHNX TeHiB Te€HO-
cnenudivHo, AKi BiZ0OpaKar0Th MOXKIIHBY T€HOTOK-
CHUYHY AaKTUBHICTb JIOCIII)KEHHUX HAHOYACTHHOK,
ajie MOJICKYJISIpHI MEXaHI3MH IIUX 3MiH B eKCIpecii
TeHiB MOTPEOYIOTH MONAIBIIIOTO BUBYCHHS.

KnwuoBi cmoBa: ekcnpecis MPHK,
NAMPT, UPS7, E2F8, TBX3, FAS, ILI3RA2, na-
HOYACTHHKHM JTUCWIIIHIY XpOMY, HAaHOYaCTUHKHU
HITPUY TUTaHY, MIe4iHKa MHIIEH.
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BJWSTHUE HAHOYACTHI]
JTUCHUJINIUIA XPOMA U HUTPUJA
TUTAHA HA DKCHOPECCHIO TEHOB
NAMPT, E2F8, FAS, TBX3, ILI3RA2 N
UPS7 B IEYEHU MBILIE

O. I’ Munuenxo', O. I1. Asopoeckuir’,
H. B. Conoxa?, . O. Munuenxo'?,
A. FO. Kysneyosa'

"MucturyT ouoxumuu um. A. B. [annaguna
HAH Vkpaunsi, Kues;
e-mail: ominchenko@yahoo.com;
*HaruoHaIbHbIH METUIIMHCKHIA YHUBEPCUTET
uM. A. A. boromonsia, Kues, Ykpanna

N3yuen >(dekT HAHOYACTUIl TUCHIUIIUA
XpoMma W HUTPHJa TUTaHA HAa YPOBEHB DKCIPECCHH
T'€HOB, KOTOPBIE KONUPYIOT BaKHBIE PETYISITOPHBIE
sH3uMHBI U pakTopel (NAMPT, UPS7, E2FS8, FAS/
TNFSF6, TBX3 n IL13RA2) B nedeHn MBIIIEH IS
BBISIBJICHUST BO3MOXKHOTI'O TOKCHYECKOIO BIMSHHS
ATUX HAHOYACTHII. YCTAHOBIIEHO, YTO TP JIEHCTBUH
Ha MBIIIeH HaHOYACTHI] HUTpUIa TuTaHa (20 HM;
20 MT ¢ emoW KaXkIbIH JeHb, KpoMe cyOO0OTHI U
BOCKPECEHBS, B Te€UCHHE 2 MeCAIeB) B KJIETKax
MEYEHU yCHJIUBajach 3Kkcrpeccust renoB NAMPT,
FAS, TBX3 n ILI3RA2 n camxanack — USP7 u E2FS,
npudeM 0osiee BEIpaKeHHBIC U3MEHEHHS BBISIBIICHBI
st reHoB TBX3 w ILI3RA2. Tlpu nelicTBUM Ha
MBITIIEH HAHOYACTHUIl TUCHUIHIUIA XpoMa (45 HM;
20 MT ¢ emoW KaXkIbIH JeHb, KpoMe cyOO0OTHI U
BOCKpECEHbS, B TEUCHHE 2 MECSIIeB) HaOIIOIaINCh
Ooyiee BBIpaXXEHHBIE W3MEHEHHS B JKCIIPECCHU
renoB USP7, E2F8, FAS u TBX3 1o cpaBHEHUIO
¢ s3ddexTomM HaAHOYACTHI] HUTpUAA THTaHA. B
TO € BpeMs BIWSHWE HAHOYACTHUI[ HHUTpPHUIA
TUTaHa Ha 3kcnpeccuto reHa NAMPT B TkaHU
redeHu ObLT Oosiee BBIPaKEHHBIM IO CPaBHEHHIO
C JeficTBMEM HAHOYACTHUI[ JUCHIUIHIA XPOMa.
Opnnako, skcnpeccust rena /LI3RA2 cylecTBEHHO
HE U3MEHsJIaCh B MIEYE€HU MBIIIEH MPH IEHCTBUY Ha
HUX HaHOYACTHI] AUCHIUIHAa Xxpoma. [lokaszaHo,
YTO HAHOYACTHIIH AUCHIIMIHIA XpOMa U HUTPHUIA
THUTaHAa TPOSBISAIN pa3nuuHbie dPdeKkTs Ha
OKCTPECCHI0O OONBIIMHCTBA HCCIEIOBAHHBIX
TeHOB TeHOCTEeNN(PHUUECKH, KOTOPhIE OTPakKaroT
BO3MOXXHYK TEHOTOKCHYECKYI0 AaKTHBHOCTH
WCCIIeZIOBAaHHBIX HAaHOYACTHI], HO MOJICKYJISPHBIE
MEXaHU3MBI 3THX U3MEHEHUU B IKCIIPECCUU TEHOB
HYXJAIOTCS B TalIbHEHIIIEM U3y YeHUH.
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KnarwoueBbsie cuoBa: skcnpeccuss MPHK,

NAMPT, UPS7, E2FS8, TBX3, FAS, ILI3RA2, nano-
YaCTULbl JUCUJIULHAA XPOMa, HAHOYACTHUIbl HU-
TpU/Jla TUTAHA, [IE€YEHb MBIILIEH.
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