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IMPACT OF P53 MODULATION ON INTERACTIONS BETWEEN P53 FAMILY MEMBERS DURING
HACAT KERATINOCYTES DIFFERENTIATION
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HaCaT cell line is a widely used model for studying normal human keratinocytes. However, mutations of TP53 gene are typical for this cell line, which have a
substantial impact on functions of the encoded protein. The features of this regulatory circuit should be considered when using HaCaT cells for assessment of
human skin physiology and pathology in vitro. The study was aimed to assess the features of differentiation realization in HaCaT cells with modulated activity of
p53 protein. The expression of P53 was reduced by knockdown of TP53 gene by shRNA (by 2.2 times, p < 0.05), and the elevated concentration of the p53 active
forms was achieved via exposure of cells to Nutlin-3a, the MDM2 inhibitor and the major negative regulator of p53. It has been found that regulation of at least three
differentiation markers, CASP14, IVL (expression increase by 3.9 and 3.7 times respectively in the p53-knockdown cells, p < 0.05) and TGM1 (twofold expression
decrease in the p53-knockdown cells, and 1.7-fold expression increase under exposure to Nutlin-3a, p < 0.05) in HaCaT cells is p53-mediated. The positive
correlation has been revealed for expression of TGM1 and p53 that might be realized indirectly via ANp63 expression alteration. At the same time, modulation of
P53 does not result in significant alterations in expression of cytokeratins.
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BJIMAHUE MOAYNALUN AKTUBHOCTU P53 HA BSAUMOJENCTBUE YIEHOB CEMENCTBA
P53 B NMPOLECCE AN®PEPEHLINPOBKU KEPATUHOLIUTOB JIMHU HACAT
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" Hay4Ho-vccnenoBaTenbCKuin MHCTUTYT BruomeamumHeKor xummmn nvenn B. H. Opexosuda (MBMX), Mocksa, Poccus
2 000 HIMO «[MepcnekTnBa», HoBocnbupck, Poccust

Knetkun nnHum HaCaT aBnstoTcst pacnpoCcTpaHeHHON MOAENbIo A1 MCCNefoBaHNs HOpMabHbIX KepaTUHOLMTOB YenoBeka. OaHaKo A1 KNETOK STOW MHAN
XapaKTepHbl MyTaumn B reHe TP53, YTO CyLLECTBEHHO CKadblBAeTCS Ha (PYHKLMAX Kogmpyemoro 6enka. OCOBeHHOCTV AaHHOMO PEerynsTOpHOro KOHTypa
HEOBXoAVMO YYUTbLIBaTb MPW UCMONb30BaHMN KneTok HaCaT B kadecTBe 06bekTa 1CCnenoBaHuin uavonorim 1 NaToforin KOXmn Yenoseka in vitro. Llenbto
vcenenoBaHms Bbi1o U3yYnTb 0COBEHHOCTN peanm3auyn NporpaMmel AMMEPEHLMPOBKM B kneTkax auHm HaCaT B yCrnoBmsix MOOYNALMN aKTUBHOCTI Benka
pP53. CHWKEHNS YPOBHS aKcnpeccun ps3 fobrsanmce HokaayHoM reHa TRP53 ¢ nomolbto shRNA (B 2,2 pasa, p < 0,05), 1, HanpoTVB, YBENMHEHNS KOHLIEHTpaLmN
aKTVBHbIX (hOPM AaHHOIo Besika B KneTkax AoCTUrann 3a cHeT Bo3aencTems Ha knetku Nutlin-3a — nHrnéutopa MDM2, 0CHOBHOMO HeraTmeBHOro perynstopa p53.
YCTaHOBNEHO, YTO PErynaums Kak MUHUMYM Tpex MapkepoB auddepeHumpoBky, CASP14, IVL (yBenndeHne akcnpeccun B 3,9 1 3,7 pasa COOTBETCTBEHHO
npv HokaayHe p53, p < 0,05) n TGM1 (ymeHbLUEHME SKCnpeccuy BABoe Npu HokaayHe TP53 1 yBennyeHne B 1,7 pasa npu Bosaenctsum Ha knetky Nutlin-3a,
p < 0,05), B knetkax HaCaT 3aB1cKT OT akTMBHOCTI P53. Tpr 3TOM B OTHOLLIEHWM 3kenpeccu TGM T n p53 oTMeveHa npsiMasi 3aBUCUMOCTb, KOTopast, BO3MOXXHO,
peannayeTcs onocpefoBaHHO, Yepes nameHeHre akcnpeccun ANpB3. B To »ke BpemMst MOaynsaumst akTVBHOCTU P53 He MPUBOLANT K 3HAYUTENBHBIM 3MEHEHNSM
3KCMPECCUM LIUTOKEPATUHOB.
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Terminal differentiation of keratinocytes is one of the possible
programmed cell death pathways. This process ensures
normal stratification of epidermal cells required for the normal
epidermal barrier formation. Various impairments of terminal
differentiation underlie clinical manifestations of many chronic
skin disorders. Recently, the role of p53 proteins in regulation
of keratinocyte differentiation has been actively studied [1-4].

It is known that p53 protein accumulates and induces
apoptosis in epidermal cells in response to sunburn [5] and
a number of other cytotoxic effects. Furthermore, active
forms of the proteins are most often detected in proliferating
keratinocytes, but not in differentiated cells [6]. In one view, p53
may play a dual role in survival of epidermal cells supporting
“healthy” proliferative cells and inducing apoptosis in severely
damaged cells [7].

According to some authors, p53 promotes proliferation
and slows down differentiation of normal human keratinocytes
by inactivation of signaling pathway mediated by MYC proto-
oncogene [7]. Yet in p53-knockdown cells the significantly
increased expression of such cell differentiation markers as
involucrin, keratins KRT1 and KRT10, and filaggrin was observed.
Generally, cells with inactivated p53 were characterized by higher
rate of stratification and detachment [7].

However, the specific role of p53 family proteins and their
interactions at different stages of the human keratinocytes’
differentiation in healthy and diseased organism is poorly
understood.

The role of p53 family proteins in regulation of proliferation and
differentiation of HaCaT line keratinocytes, the spontaneously
immortalized non-carcinogenic human keratinocyte cell line, is
even less studied [8]. This cell line is widely used as a model
for studying the normal human keratinocyte functions [9, 10].
However, HaCaT keratinocytes are characterized by abnormal
stratification and aberrant differentiation marker expression [11].

It is known that genome of HaCaT keratinocytes contains
two alleles of TP53 gene (H179Y and R282Q) with two gain-of-
function (GOV) mutations acquired as a result of spontaneous
immortalization (mutp53) [12]. In HaCaT cell line, mutp53
promotes proliferation and cell growth; it contains over 7,000
sites for DNA biding. The protein functions related to apoptosis
induction are preserved [4].

Moreover, unlike normal keratinocytes, HaCaT cells
predominantly express ANp63a isoform of p63, and TA isoform
is almost undetectable [13].

Understanding HaCaT cells’ physiology and underlying
functions is necessary to assess the limitations when using
such cells as a model. Furthermore, studying the p53 family
proteins’ interactions in the presence of mutp53 in cell genome
will provide new data relevant for the study of carcinogenesis
[14, 15].

The study was aimed to assess the role of p53 family
proteins in regulation of proliferation and differentiation of the
HaCaT cells. Modulation of p53 protein was provided during
the study: activation was achieved via exposure to Nutlin-3a
(inhibitor of MDM2, the major negative regulator of p53), and
expression of p53 was suppressed by anti-TP53 shRNA.

METHODS

Cell lines and culture conditions

HaCaT cell line was obtained from the cell culture collection
of German Cancer Research Center (DKFZ, Heidelberg;

Germany). The cells were cultured at 37 oC with 5% CO,
in DMEM/F12 culture medium (1:1, Gibco; USA) containing
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1% GlutaMAX supplement (Thermo Fisher Scientific; USA),
penicillin/streptomycin solution at a concentration of 100 U/
ml and 100 pg/mL respectively (Gibco; USA), as well as 10%
fetal bovine serum (Dia-M; Russia), i.e. in the complete culture
medium. The cells were grown in culture flasks with a surface
area of 25 cm? or in Petri dishes with a diameter of 60 mm
(Corning; USA). The medium was replaced with the fresh one
every 48 hours of cell growth.

TP53 gene knockdown using shRNA

TP53 gene was knocked down with lentiviral vector, which
encoded anti-TP53 shRNA. In order to construct the lentiviral
vector, the HEK2937T cell line was transfected withpLKO-
p53-shRNA vector (Addgene, #25637) in accordance with
the standard polyethyleneimine (PEl) transfection protocol
[16]. Conditioned medium containing the lentiviral particles
was prepared 48-72 hours of incubation after transfection. In
order to enhance the transduction efficiency, protamine sulfate
(50 yg/mL) was added to the culture medium containing the
lentiviral particles. For transduction, HaCaT keratinocytes were
grown to 40-50% confluence, and the culture medium was
replaced by the lentiviral particles containing medium. Then the
cells were centrifuged at 800g for 1.5 hours. After centrifugation
the conditioned medium was replaced by the complete culture
medium. The wild-type control (WT HaCaT) transduced with
the lego-ig2 vector (Addgene #27341) containing no puromycin
resistance gene was used for selection with puromycin. The
transduced cells of both cell lines (control and treated) were
cultured at 37 °C with 5% CO, for 4 days. After that culture
medium was replaced by puromycin containing medium (1 pg/mL),
and the cells were cultured up to 100% control cells death.
During this period the non-transduced cells of the treated cell
line also died.

Assessment of gene expression level

The cells were grown in the 60 mm Petri dishes with the
complete culture medium at 37 °C with 5% CO,. Upon
reaching 60% confluence, the culture medium was replaced by
the Nutlin—8a—containing medium (Merck; Germany). The cells
were incubated for 24 hours and used for further experiments.

RNA was isolated using the RNeasy Kit (QIAGEN; USA)
in accordance with the manufacturer’s protocol. The isolated
RNA was quantified using the NanoDrop 2000c system
(Thermo Scientific; USA). Reverse transcription reaction was
performed using MMLV RT kit (Evrogen; Russia) in accordance
with the standard protocol by adding 1 pg of RNA at a time. R
eal-time PCR (gPCR) was carried out using the gPCRmix-HS
SYBR+LowROX reaction mixture (Evrogen; Russia). For each
group three biological samples were used, and reactions were
carried out in three iterations for each gene and each sample.
GAPDH was used as a reference gene. The primers are listed
in Table 1.

Metabolic activity assessment

Cells’” metabolic activity was defined using the MTT assay [17].
The cells were plated in the 96-well plate (Corning; USA) at
3.0 x 108 cells per well 48 hours before exposure, 6 wells for
each concentration of Nutlin-3a. After two days of growth
the culture medium was replaced by the fresh one containing
Nutlin-3a at a concentration of 0.2-50 pM, then the cells were
incubated for 24 hours. After cultivation the medium was
replaced by the fresh one containing MTT (Dia-M; Russia) at
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Table 1. Primers

Gene

Primer nucleotide sequence

GAPDH

Forward 5-TCGACAGTCAGCCGCATCTTCTTT-3'
Probe R6G-5-AGCCGAGCCACATCGCTCAGACACCAT-3-Q
Reverse 5-ACCAAATCCGTTGACTCCGACCTT-3

TP53

Forward 5-CTCACCATCATCACACTGGAA-3
Probe FAM-5-TACTGGGACGGAACAGCTTTGAGG-3-Q
Reverse 5-CCAGGACAGGCACAAACA-3

ANp63

Forward 5-AGAAGAAAGGACAGCAGCATTGAT-3'
Probe FAM-5-TCCTGAACAGCATGGACCAGCAGA-3-Q
Reverse 5-GGACGAGGAGCCGTTCTGA-3'

TAP63

Forward 5-CCAGAGCACACAGACAAATG-3'
Probe FAM-5"-ACAGCCTATATGTTCAGTTCAGCCCA-3-Q
Reverse 5-TGATGGTTCATCCACAAAGTTC-3'

TP63

Forward 5-CGTACAGGCAACAGCAACAG-3'
Probe FAM-5"-CAGCAGCACCAGCACTTACTTCAGA-3-Q
Reverse 5-CACAGAAGGCAGCTTGTTCA-3

TGM1

Forward 5-TGCTGGATGCCTGCTTAT-3'
Probe FAM-5-TGGTGAACTCCCTGGATGACAATGG-3-Q
Reverse 5-ACCAGACCAGTTCCCAATC-3

Forward 5-CCAAAGCCTCTGCCTCAG-3'
VL Probe FAM-5"-AGATGTCCCAGCAACACACACTGC-3-Q
Reverse 5-GTATTGACTGGAGGAGGAACAG-3'

KRT14

Forward 5-CTGAAGAAGAACCACGAGGA-3
Probe FAM-5"-AGGTGGGTGGAGATGTCAATGTGG-3-Q
Reverse 5-TCTCTGCCATCTTCTCATACTG-3

KRT10

Forward 5-AGCATGGCAACTCACATCA-3
Probe FAM-5"-ATTTGCTGTAGTCACGAGGCTCCC-3-Q
Reverse 5-GTCGATCTGAAGCAGGATGTT-3'

CASP14

Forward 5-CCTGTCGAGGAGAACAAAGG-3
Probe FAM-5-AAAGACAGCCCACAAACCATCCCA-3-Q
Reverse 5-TGCAAGGCATCTGTGTATGT-3

a concentration of 1 mg/mL. The cells were incubated for
2 hours, and formazan formed granules were dissolved in DMSO
(Helicon; Russia). Then the optical density was measured at a
wavelength of 490 nm. The experiment was carried out in three
biological replicates.

Enzyme-linked immunosorbent assay (ELISA)

Semiquantitative analysis of p53 was performed using
the ab205713 kit (Abcam; UK) in accordance with the
manufacturer’s instructions. The cells were plated in the 96-
well plate in three replicates at 1 x 10* cells per well. The signal
intensity was measured using the iMark spectrophotometer
(Bio-Rad; USA) at a wavelength of 450 nm.

Immunofluorescence staining

For immunofluorescence studies, the cells were cultured on
coverslips in 6-well plates. The cells were fixed in 4% formalin,
permeabilized by 0.1% Triton X-100, and stained with primary
antibodies to ANp63 (#619002, Biolegend; USA), TAp63
(#618902, Biolegend; USA), KRT5 (ab52635, Abcam; UK),
KRT10 (ab9025, Abcam; UK) and secondary Alexa Fluor
488-conjugated (ab150105, Abcam; UK) or Texas Red-
conjugated (ab6793, Abcam; UK) antibodies. All preparations
were stained simultaneously using the same reagent kit
(dilutions of antibodies and buffers). The experiment was
carried out in three biological replicates.

The preparations were sequentially visualized with the
LSM 710 confocal laser scanning microscope (Carl Zeiss;
Germany) using the same settings. At least 5 fields of view
were photographed for each preparation. The images were
processed with CellProfiler 3.1.9 software [18]. At least 100

cells were analyzed for each sample, and mean fluorescence
intensity (cell fluorescence intensity divided by cell area) was
calculated. The mean fluorescence intensity values were normalized
to mean fluorescence intensity of the control.

Data analysis

The data of three biological replicates were used for analysis.
The results were processed using the R programming language
[19]. The differences in the values of the studied parameters
between groups were determined using the Student's t-test
with Benjamini-Hochberg adjustment for multiple comparisons.
The differences were considered significant when p < 0.05. The
data are presented as M + m.

RESULTS

The knockdown of TP53 in the HaCaT cell line was confirmed
by enzyme-linked immunosorbent assay (ELIZA). The anti-
TP53 shRNA transduction resulted in significantly decreased
(by 2.2 times, p < 0.05) intracellular p53 concentration, by not
to complete lack of intracellular p53 (ELIZA) (Fig. 1A).

Metabolic activity of wild-type cells and TP53-knockdown
cells when exposed to inhibitor of MDM2, Nutlin-3a, was
assessed using the MTT assay (Fig. 1B). The 24-hour exposure
to Nutlin-3a resulted in the dose-dependent decrease in amount
of formazan produced by wild-type HaCaT cells. The IC10 and
IC50 values were 0.18 + 0.10 uM and 129.11 + 167.78 uM
respectively.

Similar treatment of TP53-knockdown cells did not affect the
production of formazan. Significant differences in the amount of
formazan produced by these cells compared to wild-type cells
were observed when exposed to Nutlin-3a concentrations of
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10 pM and more. Therefore, Nutlin-3a concentration of 10 uM
was used in subsequent experiments.

The identified features of the Nutlin-3a effect of TP53-
knockdown cells may be associated with significantly reduced
level of active p53 forms in these cells. Nevertheless, blocking
MDM2-mediated degradation of p53 by Nutlin-3a does not
appear to result in an increase in its concentration sufficient
for realization of p53 major effects (cell cycle arrest, apoptosis).

Expression levels of a number of proteins’ genes which
reflected the activity of keratinocyte differentiation processes in
intact wild-type cells and TP53-knockdown cells were different
(Fig. 2A). Thus, higher expression of genes encoding involucrin
and caspase-14, and lower expression of TGM1 gene was
observed in the knockdown cells compared to wild-type cells.
No significant differences in the levels of cytokeratin expression
(PCR, fluorescence microscopy) were detected (Fig. 2 A, B, C).
Furthermore, the knockdown cells demonstrated decreased
expression of genes encoding p63, ANp63 and TAp63
isoforms. Reduced level of the listed proteins in cytoplasm and
nucleus was also detected (microscopy) (Fig. 3 A, B).

Exposure of wild-type cells to Nutlin-3a resulted in twofold
increase of P21 gene activity, which indicated the accumulation of
p53 active forms in the cells. We also detected the increased
expression of TGM1 gene responsible for synthesis of p63
isoform (ANp63), and the slightly increased expression of /VL.
However, the level of the latter remained significantly lower
compared to knockdown cells. At the same time, no significant
alterations in the levels of CASP74 and cytokeratins 14 and
10 expression were detected (PCR). Cytokeratin 10 expression
level was confirmed by microscopy. We also detected an
increase in the level of cytokeratin 5 by 1.54 times (microscopy).
[t should be noted that along with the elevated expression of
ANp63, a decrease in the level of this protein was observed
both in nucleus and in cytoplasm of the cells. The level of
TAp63 in nucleus and cytoplasm increased.

DISCUSSION

The study was aimed to investigate the effect of p53 family
proteins on HaCaT keratinocyte differentiation. We assessed
the differentiation markers’ expression alterations in relation to
activity of p53: the reduced expression of p53 was obtained by
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knockdown of TP53, and activity of the protein was increased
by Nutlin-3a added to the culture medium.

Proteins, the expression of which in normal keratinocytes
increases as epidermal cells move from stratum basale to stratum
corneum, have been selected as keratinocytes’ differentiation
markers (IVL, TGM1 and CASP14). Thus, involucrin (IVL) is the
structural protein of keratinocytes responsible for mechanical
strength of the epidermal barrier. Furthermore, complexes of
involucrin with lipids (omega-hydroxyceramides) are involved
in the corneocyte lipid envelope formation [20]. Involucrin is
one of the major substrates of transglutaminase 1 (TGM1),
which catalyzes the formation of cross-links between lysine
residues in structural proteins of epidermis [21]. TGM1 is critical
for epidermal barrier formation [21]. Unlike other proteins of
the discussed family, caspase-14 (CASP14) is specifically
expressed in epidermis, which plays particularly no role in
realization of apoptosis, and is responsible for regulation of
keratinocyte differentiation [22].

To assess the degree of cell differentiation, we studied the
expression of keratins, KRT10, KRT5, KRT14 (components of
the keratinocyte cytoskeletal intermediate filament proteins). It
is known that high levels of KRT1 and KRT10 are most typical
for differentiating keratinocytes [23], in contrast to keratins KRTS
and KRT14 actively expressed in cells of stratum basale [24].

The expression of other p53 family members, ANp63 and
TAp63, was assessed using the same experimental conditions,
which made it possible to evaluate its relationship to p53 activity.

Earlier the effect of reduced p53 expression (resulting from
the TP53 knockdown) on the normal human keratinocytes
differentiation markers’ expression had been studied [7]. Thus,
the comparison of experimental results with literature data
may enable us to obtain information about similarities and
differences in the effects of p53 proteins on cell differentiation
in the normal keratinocytes and HaCaT cell line.

It should be noted that during our study we failed to achieve
the complete suppression of the p53 expression in the HaCaT
cells. This could be due to the cell line resistance to reagents
for transduction/transfection (compared to epithelial cells of
internal organs) [25]. However, the p53 expression reduction
was significant (2.2-fold).

Among the studied markers of keratinocyte differentiation,
IVL, CASP14 and TGM1 genes were to a greater extent

*

0,4 2 10 50
Nutlin pM

Fig. 1. Effects of TP53 modulation by knockdown and exposure to Nutlin-3a. A. Semiquantitative analysis of p53 in wild-type cells (WT) and TP53-knockdown cells (sh).
B. Metabolic activity of cells (MTT assay) after exposure to Nutlin-3a. * — significant differences between groups WT and sh (p < 0.05)

BECTHVK PIrMY | 6, 2020 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | CELL BIOLOGY

associated with alterations in expression of p53. The expression
of TGM1 gene was the most p53-dependent: the expression
level significantly decreased in TP53-knockdown cells and
increased under exposure to Nutlin-3a.

It should be noted that the expression levels of TGM1 and
involucrin, the protein being a substrate for TGM1, as well
as the dynamics of these parameters’ values in the studied
experimental situations did not match up. The expression of
involucrin significantly increased in the TP53-knockdown cells.
However, it also slightly increased under exposure to Nutlin-3a.
Despite the obvious functional relationship between TGM1 and
involucrin, the expression of those in HaCaT cells is regulated
by different mechanisms.

Unlike normal keratinocytes, unresponsive to alterations in
P63 expression in response to p53 knockdown [7], in our study
the modulation of p53 activity in HaCaT cells resulted in altered
expression of p63 isoforms. The decreased expression of TP63
in HaCaT cells with p53 knockdown had been reported before [4].

It is known that p63 isoforms, especially ANp63, inhibit
activity of p53 [1]. It cannot be excluded that a high baseline
expression of ANp63 in HaCaT cells is required for inactivation
of mutp53 effects. In this context the detected alteration of p53
and p63 isoforms (ANp63, TAp63) ratio in TP53-knockdown
cells compared to intact cells seems to be natural: in the
absence of protein to be inhibited (p53) the reduced expression
of p63 isoforms is observed. The detected discrepancy in
dynamics of ANp63 expression when exposed to Nutlin-
3a (elevated expression, according to PCR data, along with
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reduced level of protein in the cytoplasm and nucleus) may
result from ANp63 protein involvement in p53 inactivation, for
example, due to formation of ANp63/p53 heterodimers [26].

At the same time, the increase in TAp63 protein amount
in the cells with no significant alterations in the expression of
the appropriate gene in the same experimental situation may
be associated with the MDM2 inhibition. According to literary
sources [27] and our results, MDM2 may be a negative regulator
of both p53 and TApGS.

It is known that the activity of p53 increases as keratinocytes
move from stratum basale to higher layers, partly because of
gradual decrease in ANp63 inhibitory effect. As a result, p53
implements its functions required to complete keratinization.
In particular, it induces expression of TGM1, the substrate of
which (involucrin) is produced in lower epidermal layers and is
regulated by other mechanisms.

It cannot be excluded that the major regulator of TGM1
expression in HaCaT cells is ANp63 protein, but not p53 itself.
As can be seen, the dynamics of the discussed protein gene
expression is ipsidirectional to the expression of gene, which
encodes TGM1. Such ANpB3 expression alteration is evidently
due to altered intracellular p53 activity.

In HaCaT cells, the impact of p53 activity on the expression
of the other keratinocyte differentiation marker, caspase-14, is
obvious. In the cells with knockdown TP53 the expression of
gene encoding CASP14 is significantly increased. Presumably, in
HaCaT cells p53 directly or indirectly inhibits the expression of this
protein. However, the activity of such an impact is rather high: the

Nutlin

Control

KRT5 KRT10

Relative fluorescence
intensity

WTK WTNutlin  shK
10 uM

WT K  WT Nutlin  shK
10 uM

Fig. 2. Expression of differentiation markers in HaCaT cells. A. Expression of IVL, KRT10, KRT14, CASP14, TGM1. B. Immunofluorescence microscopy: KRT5 (red),
KRT10 (green), DAPI (blue, nuclei), x400 magnification. C. Generalized diagram of the cells’ relative fluorescence intensities. * significant differences between treated

cells (sh, Nutlin-3a) and intact cells (WT K), p < 0.05
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increased activity of p53 resulting from exposure of cells to Nutlin-
3a does not lead to significant decrease in expression of CASP14.

[t should be noted that with modulation of p53 activity in
HaCaT cells no significant alterations in expression of cytokeratins
were observed. An exception was KRT5, the marker of the lower
epidermal layer cells. The expression of KRTS slightly increased
under exposure to Nutlin-3a, perhaps, due to activation of
mutp53 effects contributing to cell proliferation [4]. Expression of
KRT10 typical for differentiating keratinocytes [23] in the cells
with p53 knockdown did not change. Yet the suppressed
function of p53 in normal keratinocytes is associated with
elevated expression of the discussed cytokeratins [7]. In HaCaT
cells, mutp53 inhibits the expression of these proteins, even
under conditions of incomplete knockdown of TP53.
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CONCLUSION

Under conditions of p53 activity modulation in HaCaT cells,
the expression of certain cell differentiation markers is altered,
particularly, the expression of caspase-14, involucrin and
transglutaminase 1, but not the expression of KRT10. Unlike
normal human keratinocytes, HaCaT cells respond to reduced
activity of pb3 by reduced expression of p63 isoforms. The
study results may be taken into account when studying the
processes associated with keratinocyte differentiation, as well
as when using HaCaT cell line as a cell culture model of skin.
The data obtained may be used for in-depth assessment of
the role of p53 family proteins expressed by HaCaT cell line in
various physiological processes.
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