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Using the method of shotgun mass spectrometry, we have evaluated changes in the proteomic profile
of HaCat cells in response to the treatment with sodium dodecyl sulfate (anionic surfactant) and Triton-X100
(non-ionic surfactant) in two concentrations (12.5 pg/ml and 25.0 pg/ml). The study revealed induction
of orphan CYP2S1 (biotransformation phase I) in response to Triton-X100. We have identified proteins
of II (glutathione-S-transferases, GSTs) and III (solute carrier proteins, SLCs) biotransformation phases,
as well as antioxidant proteins (peroxiredoxins, PRDXs; catalase, CAT, thioredoxin, TXN). Thus, proteins
of all three xenobiotic detoxification phases were detected. The presented results suggest a new prospect
of using HaCaT keratinocytes as a model of human epidermis for studying the metabolism of drugs/toxicants
in human skin in vitro.
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INTRODUCTION N-acetyltransferases and sulfotransferases have been
found in the mammalian epidermis, although with

relatively low specific activity [6, 7].

The risks of xenobiotics and mechanisms
of their action are frequently evaluated using animal

This work is a continuation of our studies
on applicability of the HaCaT cell line as a test
system for chemical proteomics problems based on

mass spectrometry. We have previously shown
that HaCaT keratinocytes, as a model of the human
epidermis, can be used for characterization of toxicity
of chemical compounds, for example, surfactants
of various structures [1-3].

One of the goals of chemical proteomics
is the identification of interactions between small
molecules and proteins forming the entire cellular
proteome, including identification of particular
proteins/metabolic pathways involved in transformation
of xenobiotics [4]. The main organs of xenobiotic
metabolism in the human body include the liver,
kidneys, lungs, and intestine [5]. The skin has not been
considered for a long time in the context
of the metabolism of foreign substances, despite the fact
that it is the largest organ of the human body exposed
to many external aggressive factors [6]. However,
in addition to its barrier function, the skin can also
metabolize xenobiotics. For example, biotransformation
enzymes such as cytochromes P450 (CYPs),
flavin monooxygenases, glutathione-S-transferases,

models. However, animal models are often poor
predictors of human response due to differences
in physiology and immunity. In addition, modern
requirements for the pharmaceutical and cosmetics
industry require the reduction and replacement
of animals in experiments [8]. Therefore, various
keratinocyte, fibroblast, or melanocyte-based models,
including HaCaT (spontaneously immortalized
human keratinocyte cell line), are currently used
to evaluate the safety of wvarious substances
in relation to human health. A characteristic feature
of HaCaT cells is their unlimited division capacity,
which determines the possibility of obtaining
a standardized research object [9].

The goal of this work was mass spectrometric
identification of keratinocyte HaCaT proteins
associated with the biotransformation of xenobiotics.
As in our previous works, sodium dodecyl sulfate
(anionic surfactant, AIS) and Triton X-100
(non-ionic surfactant, NIS) have been chosen as model
toxicants, which are used in scientific research and

Abbreviations used.: AIS — anionic surfactants; BSA — bovine serum albumin; CAT — catalase; CYPs — cytochromes P450;
DTT - dithiothreitol; EDTA - ethylenediaminetetraacetic acid; GSTs — glutathione-S-transferases;
HPLC - high performance liquid chromatography; NIS — non-ionic surfactants; NSAF — normalized spectral
abundance factor; PMSF — phenylmethylsulfonyl fluoride; PRDXs — peroxiredoxins; TCEP — trichlorethyl phosphate;
TEAB - triethylammonium bicarbonate; TFA — trifluoroacetic acid; Tris — tris(hydroxymethyl)aminomethane;
SLCs — solute transport proteins; TXN — thioredoxin.
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certification tests as a positive control in determining
cytotoxicity [3]. In addition, these AIS and NIS
are used in almost any type of liquid, paste and
powder cleaning products, and are also included
in pharmaceuticals and feed additives as stabilizers,
solvents, and emulsifiers.

MATERIALS AND METHODS
Reagents

The following reagents have been used in this work:
sodium dodecyl sulfate, Triton X-100, bovine serum
albumin (Merck, Germany); modified lyophilized
trypsin from porcine pancreas (Promega, USA);
trifluoroacetic acid (Fluka, Germany); acetonitrile,
dithiothreitol; deionized water (Acros, USA);
2,2-bicinchoninic acid (Pierce, USA), as well
as chemically pure reagents from local suppliers.

Cultivation of HaCaT Cells

Cells of the immortalized cell line HaCaT
(CLS Cell Lines Service, Germany, 300493) were
seeded in 75 cm?® flasks (Corning, USA). Their
cultivation was carried out in DMEM/F12 1:1 medium
(PanEco, Russia) containing 10% FBS and antibiotics
(100 units/ml penicillin and 100 mg/ml streptomycin),
in a CO, incubator (at 37£1°C, humidity 90+10%,
CO, content of 5.0+£1.0%). After reaching
60-70% confluency, the culture medium was removed,
and the cells were exposed to solutions
of AIS (25.0 pg/ml), NIS1 (12.5 pg/ml), or
NIS2 (25.0 pg/ml) in a nutrient medium. Fresh nutrient
medium was added to control samples. The cells were
exposed to AIS or NIS1/NIS2 for 48 h.

After cultivation the cells were dispersed
with 3 ml of trypsin-EDTA solution (PanEco) incubated
for 3 min at 37°C to dissociate from
the surface of the culture flasks; the cell sediment
was washed 2-3 times with potassium phosphate buffer,
pH 7.4, and centrifuged at 10,000 g for 20 min (4°C).

Preparation of Protein Extracts and
Trypsinolysis in Solution

In order to obtain sufficient amounts of the HaCaT
protein for proteomic analysis, we pooled cells from
three culture flasks, representing three biological
replicates for each group (control, AIS-exposed, or
NIS-exposed) in one tube for further processing.

The HaCaT sediment was resuspended
in 400 pl of cold H,O containing the protease
inhibitor PMSF (1%); the aqueous cell suspensions
were then homogenized in an ice bath using
ultrasound: two cycles of 25 s, 20 kHz with
an interval between cycles of 25 s (Sonoplus HD2070,
BANDELIN Electronic, Germany) and then centrifuged
at 14,000 g for 20 min (4°C). The resulting supernatant
was collected, and the supernatant protein content
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was determined using 2,2-bicinchoninic acid at 562 nm
(8453 UV-visible spectrophotometer, Agilent, USA),
using BSA as a standard.

HaCaT cell extracts (175 pg protein per sample)
were subjected to tryptic digestion as described
previously [10]. Denaturation of proteins and reduction
of disulfide bonds was carried out using a reducing
solution containing 87 mM DTT and 6.7 mM TCEP
in denaturing buffer (12 mM sodium deoxycholate,
2 M thiourea, 2.5 mM EDTA and 75 mM Tris-HCI,
pH 8.5); samples were incubated at 42°C for 60 min
under constant stirring in a GFL Shaking Incubator 3032
(GFL, Germany). The ratio of the reducing
solution to the protein sample was 1:1 (v/v). Then
an alkylating buffer (100 pul of denaturing buffer,
10 pl of 4-vinylpyridine, and 90 ul of N,N-dimethyl-
formamide, pH<9.0) was added to each sample
(the ratio of alkylating solution volume to sample
volume was 1:12). After thorough mixing the reaction
mixture was incubated at 20°C for 60 min in the dark.

After the incubation, digestion buffer containing
100 mM CaCl, and 42 mM triethylammonium
bicarbonate (TEAB, 42 ul) in H,O (water for UV,
HPLC, ACS) was added (up to 100 pl). Trypsin was
added to the sample at a trypsin:protein ratio of 1:100
and then incubated in the dark at 44°C under stirring
(50 rpm) for 120 min in a GFL Shaking Incubator 3032.
Then another portion of trypsin (11.4 pl) was added
and samples were incubated in the dark at 37°C
under stirring (50 rpm) for 120 min in the same
incubator. Enzymatic digestion was stopped by adding
formic acid to a final concentration of 1%, and then
the samples were centrifuged at room temperature
(30 min, 10,000 g). Digested peptide mixtures were
analyzed without further processing using liquid
chromatography coupled to LC-MS/MS.

LC-MS/MS Analysis

One microgram of peptides (1-4 ul) was applied
to an Acclaim p-Precolumn (0.5 mm x 3 mm,
particle size 5 um, Thermo Fisher Scientific, USA)
at the loading rate 10 pl/min for 4 min. Elution
was carried out in the isocratic mode using the mobile
phase C (2% acetonitrile, 0.1% formic acid). The peptide
mixture was then separated using high performance
liquid chromatography (Ultimate 3000 Nano LC System,
Thermo Fisher Scientific) on a 15 cm long C,3 column
(Acclaim PepMap RSLC 75 pum i.d., Thermo Fisher
Scientific). Next, the peptides were eluted with a gradient
of buffer B (80% acetonitrile, 0.1% formic acid)
at a flow rate of 0.3 pl/min. The total analysis time
was 90 min. This included initial equilibration
of the column with buffer A (0.1% formic acid)
for 4 min, then the concentration of buffer B
was linearly increased from 5% to 35% (60 min) and
within 6 min to 99%. After a 10-minute wash with
99% buffer B, its concentration was linearly reduced
to the initial 2% (6 min). Finally, the analytical column
was equilibrated with buffer A for 5 min.
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Mass spectrometry analysis was performed using
a Q Exactive HF-X mass spectrometer (Thermo Fisher
Scientific) as previously described [10].

For proteins of the HaCaT keratinocytes
(control and after exposure to surfactants),
21 MS/MS spectra were obtained in the “.raw” format,
which were then converted into MGF files
using the ProteoWizard MSConvert program [11].
The files were imported into the SearchGUI platform
(v. 3.3.17) [12] and analyzed using the X!Tandem and
MS-GF+ search algorithms against the SwissProt
database (v. 1.4.2019, FASTA format) for the species
Homo sapiens. The search was carried out using
adatabase of inverted and random amino acid sequences
(decoy), the percentage of false positive results
(false discovery rate, FDR) <1%. The search parameters
included: digestive enzyme — trypsin; the maximum
number of possible missed trypsin cleavage sites was 1;
fixed modification — pyridylethylation of cysteine;
variable modification — oxidation of methionine;
accuracy of measuring the theoretical and
experimental mass of the peptide +5 ppm; accuracy
of measurement of theoretical and experimental mass
of fragment ions +0.01 Da; the value of the charge state
of the peptide ions was “2+, 3+, and 4+,
The PeptideShaker integrator [13] was used to produce
an Excel spreadsheet file with protein identification
results. The dataset is available at Mendeley Data,
DOI: 10.17632/45wShbhpgb6.1.

Data Processing

The statistical significance of the differences
between the compared parameters was evaluated
using the Student's #-test for independent sets.
For control HaCaT cells, the set consisted
of 6 technical replicates (mass spectra), in the case
of HaCaT keratinocytes treated with AIS the set
consisted of 9 technical replicates, and 3 technical
replicates each for NIS1 and NIS2, respectively. Data
are presented as mean (M) + standard deviation (SD).
The results were considered as statistically significant
at a threshold level of statistical significance
(alpha level) of 0.05.

To quantify protein content, the NSAF (normalized
spectral abundance factor) algorithm was chosen
because of its high reproducibility. Using NSAF values
it possible to compare protein content within a sample
and/or between samples [14].

RESULTS AND DISCUSSION

To identify specific proteins/metabolic pathways
involved in metabolism of various types of xenobiotics
in the human epidermis, a comparative analysis
of the proteomes of control HaCaT cells and cells
exposed to surfactants was carried out. A total of four
lists of identified proteins were obtained. These

included control, AIS, NIS1, and NIS2. Lists of proteins
identified in the work are presented in Supplementary
Materials (Tables S1-S4).

According to the recommendations of the HUPO
Committee (Human Proteome Organization), protein
identification is considered reliable when at least two
proteotypic peptides are detected [15]. As a result,
in total we have identified 803+129 proteins.
At the same time, 460+154 proteins were identified
in control HaCaT keratinocytes. After exposure to AIS,
a slight increase in the number of identifications
was observed — 553+150. However, the comparison
did not reveal statistical differences between
the number of proteins identified in control
and AlS-treated cells (p>0.20). After exposure
to NIS1 and NIS2, a small and statistically insignificant
(p>0.05) decrease in the number of identified
proteins was found as compared to the control
(410£111 and 406+110 proteins, respectively).

For identification of proteins involved in cellular
detoxification and metabolism of drugs and
xenobiotics in the HaCaT cells the corresponding
lists of human proteins were extracted from
the Gene Ontology database [16]. Comparison
of the obtained lists with the HaCaT cell proteomes
before and after exposure to surfactants resulted
in identification of 18 proteins involved in cellular
detoxification and metabolism of xenobiotics
(Table 1). At the same time, in the control cells and
cells exposed to NIS, almost the same number
of proteins was identified: 13 and 14 proteins,
respectively. Exposure to AIS and NIS1 led to a slight
increase in the number of identified proteins
responsible for the biotransformation of xenobiotics
(15 and 17, respectively).

Only eleven common proteins (61%) involved
in the biotransformation of xenobiotics were found
for control HaCaT cells and the cells exposed to AIS,
NIS1, and NIS2. These included: SLC7AS5, GSTKI,
GSTP1, GSTO1, PRDX3, CAT, TXN, PRDX6,
PRXL2A, PRDXS5, PRDX1 (Table 1). The content
of five proteins (GSTK 1, GSTP1, PRDX3, CAT, TXN),
assessed by the values of the normalized spectral
abundance factor NSAF [14], increased in response
to AIS as compared to the control (Table 1). Among
these proteins, PRDX6 attracts much interest because
its activation protects keratinocytes from cell death
under stress conditions induced by reactive oxygen
species in vitro and in vivo [17]. In contrast to AIS,
the effect of NIS1 and NIS2 on HaCaT keratinocytes
had wvirtually no effect on the NSAF values
of the proteins GSTK 1, GSTP1, PRDX3, CAT, and TXN
as compared to the control.

Biotransformation of xenobiotics is a complex
process involving a large number of enzymes; this
process consists of three phases: activation (phase I),
detoxification (phase II), and excretion (phase III).
Akey role in the detoxification of numerous compounds,

63



IDENTIFICATION OF BIOTRANSFORMATION PROTEINS IN HaCaT CELLS

"(Ju/3 (°6T ‘00 T-X UONIL) JUEORIINS
OTUOIUOU — ZSIN sexex (WM G'ZT 00T-X UOILI]) JUBIOBJINS JIUOIUOU —[SIN #4 (JW/3N (°GZ “9IBJINS [AO9POP WINIPOS) JULJOBINS JIUOIUE — SV 4 POUIIINAP J0u — N

€120 $v9°0 099'1 1150 0T/S 19/9 951/8 6v/S UIXOpaIoTy, NXI 66S01d | 8T
120°0 T10°0 €200 6000 6/S s/c 01/9 /T ase[eie) VD 0¥0v0d | LI
7800 700 6100 1€0°0 €1/9 LIS €/T S/€ VT ONI-UIXOpaIXordd | FrIXdd 8XI60 | 91
860°0 LTTO 00$°0 6€1°0 61/8 br/01 L6/01 LTL 9 urxopanxo1d | 9XqYd 1700€d | SI
€500 w00 YLTO 8ST°0 01/S 8/9 T$/01 0¢/L G UIXOpoIIX0Rd | CXAUd vP00€d | t1
650°0 ¥50°0 6%0°0 6000 vy 11/€ 01/c 8/1 € WIXOPAIIX0Idd | EXAUd 8Y00€d | €1
aN 180°0 6220 €110 aN S1/8 6€/L €T g urxopanxod | ZXq¥d 6112¢d | I
6600 781°0 6¥€°0 1LT0 91/ 0¢/L SS/L /S [ urxopanxordd | [XQ¥d | SOYNOVOVOVY | II
aN $00°0 aN aN anN /1 aN aN [ Jop0dsuern) 91e[AX0qIed0UON | [F9IDIS $86¢5d | 01
aN 820°0 §50°0 aN aN 8/ S1/9 aN [V Ioquiswr [ Aruuey osejonpor 0R-0ply | [F 1INV 0SSYId | 6
900°0 aN aN aN s/c aN aN aN ST 0S+d QWOII0IK) | [STAD 608960 | 8
9000 810°0 w00 aN I/1 ¢/l LI aN [eLipuoydopw “[ujA] sseinwisip aprxoiadng zaos 6LIVOd | L
8LED 6850 0201 L6E0 LS/TT 68/11 PSI/L 09/11 [ 1d dsesojsuen-§ dUOIYIEIN|D) Id1SO 11260d | 9
aN €000 €000 aN aN /1 /1 aN [ELIPUOYDOJIUI *3SLIONPAI SUOTYIEIN]D) 4SH 06£00d | S
¥€0°0 1500 6110 9600 9/C 6/C 17/ L1/g [ ©30WO oseIdJSULn-§ QUOIPEN[D | JOISD LT¥8Ld | ¥
¥L0°0 €500 8T1°0 ¥90°0 S1/S 6/€ 97/9 4y [ eddey oserojsuen-g ouoryyenio IMLSD €OTAGD | €
$¥0°0 850°0 aN 1+0°0 11/s v1/9 aN ol/y I [HdavN] asepnpai [Kuoqie) 1940 TSI91d | T
] yiunqgns [jews

1€0°0 8€0°0 0500 190°0 8/T 01/¢ v1/C 91/¢ soyiodsuex spiow ourwe [eanou ogiey | 2278 0S9100 | I

ISIN ISIN SIV 10U0D) | xxISIN | #xISIN *SIV [ouo)
duieu UuR)OIJ AU JYNUIPL H#

(IVSN) 1039%} dduepunqe [e13d9ds pazijew.ioN e1)dads/sapndad pajepijea jo soquinN

UONJBOIJIX0JIP JB[N[[00 PUB WISI[OQEIOW JIJ0IqOUX J) Ul POAJOAUI SA}A00UNIRIoY [BDBH Ul sulojold poljiiuopr Jo IsI| dYL, 7 2/guL

~t+
o



Shkrigunov et al.

both of endogenous and exogenous origin, belongs
to enzymes of the CYP superfamily. Most drugs used
in dermatology are either CYP substrates, or inducers,
or inhibitors. The main site of metabolism of these
compounds in the skin is keratinocytes, which are
characterized by a low level of CYP mRNA expression.
In the skin of all animal species and in vitro
skin systems, the content of CYPs is very low or they
are not even detectable [18].

Using mass spectrometry analysis we were
able to detect a CYP belonging to family 2,
subfamily S (CYP2S1) in the immortalized human
keratinocyte cell line HaCaT exposed to NIS2.
According  to the GeneCards database,
CYP2S1 is a participant in the interconnected
metabolic pathways “Oxidation by cytochrome P450”
and “Metapathway biotransformation Phase I and I1”.
Using the SearchGUI platform, we have identified three
corresponding CYP2S1 peptides with a high degree
of confidence (the scoring confidence index was 100%,
Table 2). Table 3 shows the theoretically possible
and identified (marked in bold) fragment ions
of the peptide *'QVQQHQGNLDASGPAR specific
for cytochrome 2S1 (CYP2S1).

Previously, induction of CYP2S1 in the HaCaT cells
was detected only as expression of the protein-coding
gene based on an increase in the mRNA level
in response to exposure to ultraviolet radiation [19].
The NeXtProt human proteome project database
also does not contain information about the presence
of CYP2SI1 in keratinocytes at the protein level [20].

CYP2S1 belongs to the so called orphan CYPs,
which are known to be expressed predominantly
in extrahepatic tissues but have no defined function with
endogenous or exogenous substrates [21]. Maximum
expression of CYP2S1 is observed in the epithelium
of tissues exposed to the external environment,
such as the respiratory and digestive tracts and skin [22].

From the data in Table 1 it follows that in HaCaT
cells four proteins of phase II of xenobiotic metabolism
belonging to the glutathione S-transferase (GST)
family were identified, including the main skin
glutathione S-transferase pi 1 (GST P09211, GSTP1).

In our samples of HaCaT keratinocytes,
two transporter proteins of phase III of xenobiotic
biotransformation were detected (Table 1).
SLC7AS was identified in all four studied samples

Table 2. The list of peptides identified in HaCaT keratinocytes using the SearchGUI platform and belonging

to the orphan cytochrome P450 2S1 (CYP2S1)

#H# Amino acid sequence m/z exper. charge m/z error (min™) Significance
1 | *'QVQQHQGNLDASGPAR 569,62 3+ 2,53 100
2 '"“EGEELIQAEAR 622,81 2+ 1,20 100
3 | YEALGGQAEEFSGR 675,82 2+ 2,96 99

Table 3. Theoretically possible and identified (shown in bold) fragment ions of the peptide **QVQQHQGNLDASGPAR

specific for cytochrome 2S1 (CYP2S1)

b+ b++ | b-H,O |b++-H,0| b-NH;3 |b++-NH;|Seq y y+ | y-H,0 |y++-H,0| y-NH; |y++-NH;
1| 129.066| 65.037| 129.066| 65.037| 129.066| 65.037| Q 16
2| 228134\ 114.571| 228.134| 114.571| 228.134| 114.571| V |1577.778| 789.393(1577.778| 789.393|1577.778| 789.393|15
3| 356.193| 178.600| 356.193| 178.600| 356.193| 178.600| Q |1478.709| 739.858|1478.709| 739.858|1478.709| 739.858|14
4 | 484.251| 242.629| 484.251| 242.629| 484.251| 242.629| Q |1350.651| 675.829|1350.651| 675.829|1350.651| 675.829|13
5| 621.310| 311.159| 621.310| 311.159| 621.310| 311.159| H |1222.592| 611.800|1222.592| 611.800(1222.592| 611.800{12
6 | 749.369| 375.188| 749.369| 375.188| 749.369| 375.188| Q |1085.533| 543.270|1085.533| 543.270(1085.533| 543.270|11
7 | 806.390| 403.699| 806.390| 403.699| 806.390| 403.699| G | 957.475| 479.241| 957.475| 479.241| 957.475| 479.241|10
8 | 920.433| 460.720| 920.433| 460.720| 920.433| 460.720| N | 900.453| 450.730| 900.453| 450.730| 900.453| 450.730| 9
9 1033.517| 517.262|1033.517| 517.262(1033.517| 517.262| L | 786.410| 393.709| 786.410| 393.709| 786.410| 393.709| 8
10(1148.544| 574.776|1148.544| 574.776|1148.544| 574.776| D | 673.326| 337.167| 673.326| 337.167| 673.326| 337.167| 7
11{1219.581| 610.294|1219.581| 610.294|1219.581| 610.294| A | 558.299| 279.653| 558.299| 279.653| 558.299| 279.653| 6
12|1306.613| 653.810(1306.613| 653.810(1306.613| 653.810| S | 487.262| 244.135| 487.262| 244.135| 487.262| 244.135| 5
13(1363.635| 682.321(1363.635| 682.321|1363.635| 682.321| G | 400.230| 200.619| 400.230| 200.619| 400.230| 200.619| 4
14(1460.688| 730.847|1460.688| 730.847|1460.688| 730.847| P | 343.209| 172.108| 343.209| 172.108| 343.209| 172.108| 3
15(1531.725| 766.366|1531.725| 766.366(1531.725| 766.366| A | 246.156| 123.582| 246.156| 123.582| 246.156| 123.582| 2
16 R | 175.119| 88.063| 175.119| 88.063| 175.119| 88.063| 1
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of HaCaT cells, while SLC16A1 was detected
only in HaCaT keratinocytes treated with NISI
(by 1 peptide). In addition, it turned out that
while the effect of AIS had virtually no effect
on the protein content, both NIS1 and NIS2
led to a some decrease in the NSAF SLC7AS value
(approximately 2 times, Table 1).

Comparison of the content of proteins involved
in phase I (CYP2S1) and phase II (GSTK1 and GSTP1)
biotransformation reactions in NaCaT cells treated
with NIS2 showed that the NSAF values for these GSTs
significantly exceeded the NSAF value for CYP2S1
(Table 1). This is consistent with the literature data that
the activity/expression of phase II biotransformation
enzymes such as GST and glucuronosyltransferases
is much higher than the activity/expression of CYP.
It is believed that the high content of GST conjugating
enzymes, primarily responsible for detoxification,
means that the skin may be protected from reactive
metabolites generated by CYP [23].

It is known that the induction of some CYPs
can be accompanied by an increase in the content
of antioxidant enzymes, including such known
antioxidant catalysts as: catalase, SOD, and
peroxidases [24]. As can be seen from Table 1,
an increase in the content of catalase (CAT), which,
along with peroxiredoxins, is classified as a phase II
protein of xenobiotic metabolism [25], was registered
not only after exposure to NIS2, but also to AIS.

Thus, analysis of the proteomes of HaCaT cells
(a model of human skin epidermis) has shown
that HaCaT keratinocytes contain proteins involved
in all three phases of xenobiotic detoxification.

CONCLUSIONS

Currently, in vitro toxicology methods and
approaches using cell cultures are widely used
to study the effects of drugs and toxic compounds
as an alternative to animal experiments. The human
keratinocyte cell line HaCaT (a model of human skin
epidermis) is often used to assess the safety of various
substances in relation to human health. A characteristic
feature of HaCaT cells is their unlimited division
capacity, which determines the possibility of obtaining
a standardized research object.

An assessment of the possibility of using human
keratinocytes of the HaCaT cell line as a test system
for studying the processes of biotransformation
of xenobiotics was carried out using surfactants —
sodium dodecyl sulfate (AIS) and Triton X100 (NIS),
which are used in the practice of certification tests
as a positive control in the method for determining
cytotoxicity. There were no noticeable differences
in the amount of identified proteins in HaCaT
keratinocytes before and after exposure to AIS and NIS.
The response of the HaCaT keratinocyte proteome
depended on the nature of the effect. In particular,
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induction of orphan cytochrome P450 2SI
was detected in response of HaCaT cells to treatment
with 25.0 pg/ml NIS (Triton X100). In addition,
phase II (glutathione-S-transferases, GSTs) and
phase III (transporter proteins, SLCs) proteins
of biotransformation reactions, as well as the antioxidant
proteins (peroxiredoxins, PRDXs; catalase, CAT;
thioredoxin, TXN), were identified. Thus,
the immortalized human keratinocyte cell line HaCaT
can be an effective test model for in vitro
toxicology experiments.
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IDENTIFICATION OF BIOTRANSFORMATION PROTEINS IN HaCaT CELLS

NIEHTUOUKALUA BEJIKOB-KOMIIOHEHTOB CUCTEMbBI TPAHC®OPMAILINA
B KJIETOUYHOM JIMHUU UMMOPTAJIA30BAHHBIX KEPATUHOIIMTOB YEJTOBEKA HaCaT,
MOJABEPTHYTBIX BO3JIENCTBHIO IOBEPXHOCTHO-AKTUBHBIX BEIIIECTB

T.C. HIkpuzynos*, H.3. Basunos, H.®. Camenkosa, I0.C. Kucpueea, A.J1. Pycanos,
. Pomawmun, U.H. Kapyzuna, A.B. Jlucuya, H.A. Ilemywrosa

HayuHo-nccnenoBaresibCKuii MHCTUTYT OnoMenunuHckord xumun umenu B.H. Opexosuua,
119121, Mockaa, yi. [Toromusckast, 10; *3m1. moura: shkrigunov05@mail.ru

MeTtooM IaHOpAaMHOW Macc-CIIEKTPOMETPHH IpPOBEJeHa OIEHKAa HM3MEHEHHH OeJIKOBOro mpoduis
kimerok HaCaT B oTBer Ha BO3IEHCTBHE IMOBEPXHOCTHO akTHUBHHIX BemecTB (ITAB) pasHoit mpupomer —
nmoneumwicyinbdara Hatpus (IIAB ammonnoro tmma — AIIAB) u Tpurona X-100 (memomnsni [TAB — HIIAB)
B IByX KoHIeHTpanusix — 12,5 mxr/mu (HITAB 1) u 25,0 mxr/mi (HITAB 2). Beuia 3aperucTpupoBaHa HHIYKITHSI
opdpannoro CYP2S1 (I ¢da3a Guorpanchopmarm) B orBer Ha Bo3neiicteue HITAB2. Cpean Genkos II u I da3
ouorpancopmanuu, ObLTM HIESHTHPUIMPOBAHBI IIIyTaTHOH-S-TpaHcdepassl (GSTs) m Oenku-TpaHCHOPTEPHI
pactBopéHHBIX BeniecTB (SLCs) COOTBETCTBEHHO, a TakXKe OeNKH-aHTHOKCHAAHTHI (mepokcupenokcuusl, PRDXs;
katanaza, CAT; tmopemoxcuH, TXN). Takum o0pa3om, MBI OOHApYKHIH OCTKHA BceX TPEX (a3 IETOKCHKAIIUHI
KCEHOOMOTHKOB. lIpencraBieHHbIE pe3yabTaThl yKa3bIBalOT HA BO3MOKHOCTH HCIIONB30BAHUS MMMOPTAIN30BAaHHOU
KJIETOYHOW JMHMM KepaThHouuTos uenoBeka HaCaT B kauecTBe MOAENM SHHACPMHCA KOKH IS OLEHKH YPOBHS
MHIYKIMH OEJIKOB, yUaCTBYIOIIMX B Mpoleccax OuoTpaHcdopmaiiii TOKCHKaHTOB B KOXKE Y€JIOBEKa in Vitro.

Tonnvlii mexem cmamou Ha pycckom sA3vike 00cmynen Ha catime dcypuana (http://pbmc.ibme.msk.ru).

KunrouyeBble c10Ba: ”MMOOHIM30BaHHBIE KePaTHHOIUTHI uenoBeka uann HaCaT; MoBepXHOCTHO-aKTHBHBIC BEIIIECTBA,;
Tpuron X-100; LC-MS/MS; utoxpom P450 2S1

®dunancupoBanme. Pabora BhIonHEeHa B paMkax IIporpammbl (yHIaMEHTANbHBIX HAY4YHBIX HCCIIEIOBaHHUH
B Poccuiickoit @enepannu Ha gonrocpounsiit mepuox (2021-2030 roxsr) (Ne 122030100170-5).
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