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ABSTRACT

Matrix metalloproteinases (MMPs) orchestrate structural remodeling of psoriatic skin and accelerate the development of the inflammatory
response.

In this paper, we explore whether knocking MMP1 down in epidermal keratinocytes can be beneficial for psoriasis.

We discovered that MMP1 silencing with specific ShRNA reduced the migration of epidermal keratinocytes and made the cells susceptible to
apoptosis in the presence of interferon-y. Furthermore, MMPI1-deficiency partially normalized the expression of genes involved in the
pathogenesis of psoriasis (MMPY, -12, CCNA2, CCND1 and KRT17) and the terminal differentiation (KRT1, -10, IVL and LOR).

In conclusion, MMP1 silencing could be beneficial for psoriasis. MMP1-deficient cells exhibit lower proliferation rate. Moreover, MMP1-
silencing makes the cells susceptable to the proinflammatory cytokine IFN-y, which is abundant in lesional skin. In addition, knocking MMP1
down shifts the balance between proliferation and differentiation toward differentiation. The latter is important for psoriasis, which is a
hyperproliferative skin disorder.

AHHOTaIMA

Matpuynple MerauronporenHassl (MMP) NpuHMMAIOT aKTMBHOE y4acTye B CTPYKTYPHOU peOpraHM3aluy SIUAEPMUCA, a TaKXke B
CTabMIM3aIMy BOCIIA/IMTETBHOTO MIPOIeCca, KOTOPbIe IIPOUCXOMAT B IIOPAXKEHHOI IICOPMA3OM KOXKe.

Ilenbio faHHOI paboTh OBUIO OLleHUTHh KakuM obpasom PHK-unTepdepennyas MMP1 B snupepManbHbIX KePaTVHOLMTAX YeTOBEKA MOXKET
HOB/IMATH Ha ITATOTeHe3 IICopHasa.

CornacHo nonydyeHHbIM pesynbrataM, PHK-nnTepdepenuns MMP1 B snnaepManbHbIX KepaTMHOLMTAX 4YelOBeKa MPUBOLUT K CHIDKEHUIO
CKOpOCTej1 MUrpanyy u nponmudepanny JaHHOTO THUIIA KJIETOK, a Jo6aB/leHye B KyIbTYPAIbHYIO Cpefly MHTep(epoHa-y VHULUMPYET UX
arroriro3. Kpome toro, PHK-nuTepdeperuns MMP1 yacTMYHO HOpMa/M3yeT SKCIPECCHUI0 BaXKHBIX J/Is aToreHesa 6one3uu reaos (MMPY, -
12, CCNA2, CCND1 n KRT17), a Tak>xe reHOB-MapKepoB TepMUHAIbHOI AubdepeHInpoBKy anuepManbHbix KepatnHonutos (KRTI, -10,
IVL n LOR).

Takum obpasom, PHK-unrtepdepenima MMP1 MoxeT ¥uMeThb KIMHMYECKOe 3HAueHNue IIpM IICOpuase, INpeXHAe Bcero, Omaromaps
BhIpaXKeHHOMY aHTHIponndeparnBHOMy addekty. Bonee Toro, «<Hokgayn» MMPI femaer KIeTKy BOCIIPUMMYMBBIMM K IIPOBOCIIA/IATETIBHOMY
1uTokuHy IFN-y, ypoBeHb KOTOpOrO IOBBILIEH B IIOpa)kKeHHO!! 6ojesHbio koxe. Hakonen, PHK-untepdepenums MMP1 npusout K
cMeleHMIo 6anaHca Mexpay nponudepanyeit 1 guddepeHIPOBKOIT KIETOK B CTOPOHY uX AuddepeHunpoBky. IlocnenHee 0co6eHHO BaXXHO
V1A TICOPMa3a, KOTOPBII AB/IAETCA TUIIePIIPONMQepaTHBHBIM 3a00/IeBaHIeM KOXI.
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1. Introduction

Psoriasis is a chronic inflammatory disease driven by
activated T-cells [1]. According to World Health
Organization, more than 2% of the entire human population
is suffering from psoriasis [2]. In Russia, where about 2.8
million people are diagnosed with psoriasis, the prevalence
of the disease is ~1.9%, [3]. The hallmark of psoriasis is the
appearance of red flaky-crusty patches covered with silvery
seals. The cause of psoriasis is unknown. The skin
accumulates immune cells that secrete proinflammatory
cytokines. Three of them tumor necrosis factor (TNE),
interleukin 17 (IL17) and interferon y (IFN-y) are the most
important for the pathogenesis of the disease. Their
accumulation in the skin leads to activation of epidermal
keratinocytes, structural remodeling of the epidermis and
development of the plaques. It also results in a faster
turnover of epidermal keratinocytes and causes their
hyperproliferation. [4].

Small interfering RNAs (siRNAs) that destroy protein-
encoding mRNAs are present in any viable cell [5].
Targeting mRNAs, siRNAs prevent their translation into
proteins by the ribosomes. Respectively, even partial
degradation of mRNA by siRNA decreases protein
expression. For this reason, the artificially designed siRNAs,
known as small hairpin RNAs (shRNAs), are often used in
routine experimental practice to knock down disease-
associated genes. For instance, shRNA directed to MMP1
could be used to reduce MMP1 expression in cultured
mammalian cells.

Matrix metalloproteinases (MMPs) are a group of zinc-
containing, calcium-dependent endopeptidases. In psoriasis,
MMPs modify the intercellular contacts by degrading the
proteins of hemidesmosomes [6] and desmosomes [7-9].
They also change the composition of the extracellular matrix
[10], facilitate the penetration of dermal microcapillaries by
the immune cells and influence the biological activity of
some cytokines [11].

In the lab, our research is focused on matrix
metalloproteinases, such as MMPI1, and their role in
psoriasis. Previously, we have shown changes in MMP1, -9
and -12 expression in lesional psoriatic skin that coincided
with exacerbation of the disease and correlated with the
disease severity [12]. The aim of this study was to explore
whether MMP1 silencing in epidermal keratinocytes could
be beneficial for psoriasis.

2. Material and Methods
2.1 Cell lines and cell culturing:

The experiments were performed on human epidermal
keratinocytes HaCaT-MMP1 and HaCaT-KTR that
expressed MMP1-specific and scrambled (control) shRNA,
respectively. The details on selection, design and cloning of
the mentioned shRNAs were described earlier [13,14]. The

target sequences used to design specific and scrambled
shRNA  were = CAACAATTTCAGAGAGTAC  and
GTAAAGGGAACCAACTAACAGA, respectively. The
specificity of the selected shRNAs to all know protein-
encoding mRNA was verified by “Blastn”. The cells were
obtained by the method lentiviral tranduction in accordance
with the previously described protocol [15].

2.2 Purification of total RNA

Total RNA was extracted with TRIzol reagent
(ThermoFisher Scientific, USA) as described earlier [16].
Quality of the obtained RNA samples was verified using non
-denaturing 1.5 % agarose gel electrophoresis. The RNA
concentration was measured using the fluorimetric Qubit
RNA BR Assay Kit (ThermoFisher Scientific) according to
the manufacturer’s protocol.

2.3qPCR:

Before the experiment, total RNA was converted to cDNA
using MMLV RT kit (Evrogen, Russia) according to the
manufacturer’s protocol. The real-time PCR experiments
were carried out in the Eco real-time PCR system (Illumina,
USA). The primers used in this study were taken from the
database NCBI Probe [17]. The results were analyzed using
the software supplied by Illumina. Each probe was run in
triplicates. After all, three independent experiments were
performed. The ACTB assay was used as an endogenous
control.

2.4 Western blot

Before the experiment, whole cell lysates were obtained as
described earlier [18] and protein concentration was
measured by Bradford assay (Bio-Rad Laboratories;
Richmond, CA, USA). Then, equal amounts of protein (10
pg) were added to Laemmli sample buffer (5% SDS, 25%
glycerol, 125 mM TRIS, 0.004% bromphenol blue, 10% f-
mercaptoethanol, pH 8.2) and subjected to electrophoresis
in 12% polyacrylamide gel. Following transfer to PVDF
membrane, samples were probed with primary antibodies
(Abcam, USA, Cat #ab137332). Signals were captured using
X-Omat K film (Eastman Kodak Co., USA). The films were
scanned as image files, and the optical densities of the bands
in these image files were quantified using the Image]
software [19].

2.5 Proliferation assay

The cells were seeded in 6-well plates, 40,000 cells per well.
At the indicated time points, randomly chosen samples were
treated with 0.25% of trypsin-EDTA solution (PanEco).
Then, cells were resuspended, stained with trypan blue
(0.2%) and counted in hemocytometer. The obtained values
were used for plotting the cell growth curves in linear
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coordinates. After all, three independent experiments were
performed.

2.6 Scratch assay

Scratch assay was used to assess cell migration rates. The
cells were cultured until in 6-well plates until they covered
the entire growth surface. Before the experiment, the cell
monolayer was scratched with a pipette tip to obtain a 1.2-
1.3 mm-wide cell-free area across the center of the well. The
remained cells were washed with PBS and cultured for 5-6
days. The representative parts of cell-free areas were
photographed daily and quantified with Image] software
[19].

2.7 Statistics

Data were represented as means+SE. The statistical
differences between the means were analyzed by one-way
ANOVA. If p-values were less than 0.05, means were
considered to be significantly different.

3. Results
3.1. Quantitative analysis of MMPI expression

Evaluation of cDNA (Figure 1A) and protein fractions
(Figure 1B) isolated from HaCaT-MMPI1 and HaCaT-KTR
cells discovered that the mentioned cell lines exhibited
different expression levels of MMP1 mRNA and protein. In
this respect, the expression levels of MMP1 mRNA and fully
-processed catalytically active enzyme in HaCaT-MMP1 did
not exceed 15.9 and 16.1% of the corresponding values in
HaCaT-KTR cells. In cell homogenates, MMP1 protein was
represented by two bands that were identified as proenzyme
and catalytically active MMP1 (Mw ~63 and 52 kDa,
respectively).

A B
HaCaT-KTR HaCaT-MMP1

T —

ACTB

0.9 -

0.6

0.3

MMP1 expression

HaCaT-KTR  HaCaT-MMP1

Figure 1 | MMP1 silencing in HaCaT cells. Analysis of gene (A) and
protein expression (B) in the cells expressing shRNA directed to
MMPI1 (HaCaT-MMPI1) compared to the cells expressing scrambled
shRNA. (HaCaT-KTR). MMP1 expression level in non-stimulated
HaCaT cells was referred to as 1. PHK-unrepdepenims MMP1 B
SMMAEePMaTbHBIX KepaTMHOLMUTAX HaCaT. V3meHeHus
koHyeHntpayuu MPHK (A) wu 6Genka (B) B Kierkax,
skcrpeccupytomnx shPHK, crmeundpnunyro x MMP1 (HaCaT-
MMP1) u xoHTponpHywo, T.H. “scrambled” shRNA (HaCaT-KTR).
CoorBercTByrommit  ypoBeHb MMP1 B HeTpaHCAyLVPOBaHHBIX
KJIeTKaxX MPMHUMA/IM PAaBHBIM e[[VIHNLIe

3.2. Changes in cell proliferation

A comparative analysis of cell growth demonstrated that
non-stimulated cells as well as the cells stimulated with
either TNF or IL17 remained in the active growth phase
(Figure 2A-C). The time-dependences of cell growth in
linear coordinates suggested that the cells grew
monotonously, ie. the growth curves did not reach
saturation for the time of observation. Despite untreated
HaCaT-KTR and HaCaT-MMP1 cells did not exhibit
significant differences in cell proliferation rate (Figure 2A),
the proliferation rates of HaCaT-MMP1 cells treated with
the named cytokines were significantly lower compared to
HaCaT-KTR cells (Figure 2B and C). In addition, an
exposure of HaCaT-MMP1 cells to IFN-y irreversibly
suspended their growth. The cells stopped dividing and shed
off the growth surface (Figure 2D and E).

3.3. Analysis of cell migration :

The monitoring of cell migration revelead differences in
the migration rates of HaCaT-MMP1 and HaCaT-C cells.
Particularly, HaCaT-KTR cells gradually covered the scratch
(Figure 3A). Moreover, either tested Thl cytokine
accelerated their migration compared to untreated HaCaT-
KTR cells. In the same time, the migration rates of HaCaT-
MMP1 cells treated with either IL17 or TNF, only slightly
exceeded the migration rate of untreated HaCaT-KTR cells
(Figure 3B). Moreover, either untreated HaCaT-MMP1 or
HaCaT-MMPI treated with IFN-y mostly remained at the
scratch edge for the time of experiment.
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Figure 2 | Proliferation of MMP1-deficient and control HaCaT cells.
A - cells not exposed to the cytokines; cells exposed to TNF (B), IL17
(C) and IFN-y (D); E - Cell survival in the presence of IFN-y. The
cytokines were used at the following concentrations: TNF - 20 ng/
mL, IFN-y - 50 ng/mL; and IL17 - 50 ng/mL. VI3MeHeHUs1 CKOPOCTH
npomudepaniy B TPaHCAYUMPOBAHHBIX  SMMAEPMajbHbIX
keparuHountax HaCaT. A - k/eTku, HeoOpaboTaHHbIE IIMTOKMHAMM;
Knerku, o6paborannsie TNF (B), IL17 (C) u IEN-y (D); E - ru6ens
KNeToK npu KynbTuBupoBanuu ¢ IFN-y. [lna mnposemeHus
9KCHEPUMMEHTOB  MCIONb30BAMM  C/IeAylolliMe  KOHIEHTpaLuy
myutoknHoB: TNF - 20 ur/mm, IFN-y - 50 ur/mn n IL17 - 50 Hr/Mn
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3.4 Analysis of gene expression:

To assess changes in gene expression caused by MMP1
silencing, we selected a pannel of ten genes. Six of these
genes were involved into regulation of proliferation
(CCNA2, CCNDI1 and MKI67) and differentiation (IVL,
LOR and FLG) of epidermal keratinocytes. The others
(KRT17, MMP1, MMP9 and MMP12) were associated with
the pathogenesis of disease [12]. Then, we treated HaCaT-
KTR and HaCaT-MMP1 cells with one of Thl cytokines
(TNF, IL17 or IFN-y), obtained ¢cDNA and performed
qPCR.

The results of QPCR experiments demonstrated that each
cytokine produced a distinct gene expression profile. In
HaCaT-MMP1 cells, IFN-y caused significant changes in
expression of all ten genes (Table 1). In the same time, an
exposure of these cells to IL17 did not change the expression
of IVL and FLG, whereas their treatment with TNF (Table 1)
did not cause significant changes in expression of MKI67
and LOR (p > 0.05). In addition, the expression of the
terminal differentiation markers IVL, LOR and FLG in
HaCaT-KTR cells treated with IL17 as well as the expression
of CCNA2, MKI67 and KRT17 in HaCaT-KTR cells treated
with TNF did not exceed 1.5 times their expression levels in
non-stimulated HaCaT cells.

Importantly, some changes in gene expression that we
observed were specifically linked to MMPI silencing. The
target gene MMP1 was downregulated in HaCaT-MMP1
cells even when the cells were exposed to high
concentrations of proinflammatory cytokines. The
expression of the cyclins CCNA2 and CCND1 changed in

A
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the opposite direction. Particularly, CCNA2 expression
decreased, whereas CCND1 expression increased in HaCaT'-
MMP1 cells compared to HaCaT-KTR. In turn, the
expression of the proliferation marker MKI67 was higher in
HaCaT-MMP1 treated with either IFN-y or IL17. In the
same time, treatment of the named cells with TNF did not
change MKI67 expression significantly. In addition, IL17
and TNF downregulated KRT17 in HaCaT-MMP1 cells,
whereas the differences in KRT17 expression levels between
HaCaT-KTR and HaCaT-MMPI cells treated with IFN-y
were insignificant.

To explain the altered migration and proliferation of
HaCaT-MMP1 cells treated with IFN-y, we also compared
the expression of IFN-y-dependent proapoptotic markers -
DAPKI1 and the transcription factor IRF8 in both cell lines
after their 24h exposure to the named cytokine. We found
that both mentioned genes were upregulated in MMP1-
deficient cells (Figure 4A). Moreover, HaCaT-MMP1
exhibited higher expression levels of the genes encoding
cytokeratins -1, -10 and -14 (Figure 4B), compared to
HaCaT-KTR cells.

4. Discussion

In this paper, we explored how MMPI1 silencing in
epidermal keratinocytes influenced the biological effects of
proinflammatory cytokines TNF, IL17 and IFN-y that play a
crucial role in the pathogeneesis of psoriasis. After
evaluation of MMP1 expression in HaCaT-MMP1 and
HaCaT-KTR cells (Figure 1), we assessed changes in their
migration and proliferation rates (Figure 2 and 3,

QDuntreated B2IL17
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75 - . in
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0 | H
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Z- 11
- H
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. 7 it
ok 18

0 72 1.

Time, days

Figure 3 | Migration of MMP1-deficient and control HaCaT cells. Experimental data that reflect the cell migration in real time are represent-
ed in linear coordinates: A - HaCaT-KTR; B-HaCaT-MMP1. The cytokines were used at the following concentrations: TNF - 20 ng/mL,
IFN-y - 50 ng/mL; and IL17 - 50 ng/mL. O1jeHKa CKOpPOCTeil MUTpaLiMy B TPAHCAYLMPOBAHHBIX SMJepMaIbHbIX KepaTuHouutax HaCaT.
Vamenennsa B murpanyy knetok HaCaT-KTR (A) m HaCaT-MMP1 (B) npepcraBneHsl B IMHENHBIX KOOpAWHATaX. [Ina mpoBefeHus
9KCIePYMEHTOB JCIIONb30BaNN Clefyolye KoHeHTpanyy uutoknHoB: TNF — 20 ur/mm, IFN-y — 50 Hr/mn n IL17 - 50 Hr/Mi1.
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Table 1 | Gene expression in MMP1-deficient and control cells cultured in the presence of proinflammatory cytokines IFN-y, TNF and
IL17.The cells were treated with one of the mentioned cytokines — IFN-y (A), IL17 (B) or TNF (C) for 24h. The cytokines were used at the
following concentrations: IFN-y — 50 ng/mL, IL17 - 50 ng/mL or TNF - 20 ng/mL. Gene expression in the parental cell line, i.e. HaCaT cells
treated with vehicle control, was referred to as 1-fold relative expression. VI3amMeHeHMs 9KCIIPeCCHU T€HOB B SIMAEPMa/IbHBIX KePATMHOLUTAX
HaCaT-MMP1 n HaCaT-MMP1 nocrne ux o6pa6orku mposocnanutenbubiMu 1utokuHamy IFN-y, TNF u IL17. KieTku Ky/IbTUBUPOBaIN B
npucyrcrBuy uutoknHoB IFN-y (A), IL17 (B) wim TNF (C) B Teyenne 244. [l npoBefieHNs 9KCIIEPUMEHTOB MCIIONb30BANN CIEAYIOIe
KoHeHTpanuyu IUToKMHOB: TNF — 20 ur/mi, IEN-y - 50 ur/mn n IL17 - 50 Hr/M/1.. YpOBeHb 3KCITpeCCUM YKa3aHHBIX FeHOB B KeTkax Ha-

CaT-KTR, o6paboTaHHBIX 6y(epHbIM PacTBOPOM, KOTOPBII He COIep>Ka LMTOKMHOB, IIPUHMMAIN PABHBIM eIVHMUIIE.

TNF IL17 IFN-y
Genes HaCaT- HaCaT- HaCaT- HaCaT- HaCaT- HaCaT-
p-value p-value p-value
KTR MMP1 KTR MMP1 KTR MMP1
CCNA2 1.11 £0.17 0.40 + 0.06 0.002 0.32 £0.05 0.13 £0.20 0.020 0.31 £0.05 0.24 £ 0.04 0.080
0.007 =
CCND1 0.32 £0.05 1.43 +0.21 <0.001 0.13 £0.02 0.71 £0.11 0.107 0.001 0.02 £ 0.003 <0.001
MKI67 1.40 £ 0.21 1.07 £ 0.16 0.096 3.80 £0.57 5.66 + 0.89 0.849 1.06 £ 0.16 7.01 + 1.05 <0.001
MMPI1 1.44 £ 0.01 0.41 £ 0.003 <0.001 1.02 £ 0.15 0.28 £ 0.04 0.041 3.22+£0.48 0.02 £ 0.003 0.003
MMP9 32.15+£0.30 | 25.35+0.24 <0.001 11.14 £ 1.14 2.29 +0.37 0.366 0.57 £ 0.09 1.60 £ 0.24 0.015
MMPI12 0.02 £0.003 0.34 £ 0.05 0.004 7.58 £ 0.65 2.44 +0.16 0.161 8.43 +1.27 11.10 £1.67 0.272
KRT17 0.97£0.15 0.35 £ 0.06 0.002 1.64 £ 0.15 0.19 £ 0.02 0.020 2.00 £ .30 2.18 £0.33 0.516
IVL 1.83+0.27 1.80 £ 0.27 0.955 1.44 +0.24 1.01 £0.12 0.115 2.00 £ 0.30 3.98 £ 0.60 0.041
LOR 0.58+0.09 1.35+£0.20 0.083 1.15+£0.11 1.79 £ 0.17 0.168 0.56 £ 0.08 0.54 £ 0.08 0.898
FLG 0.32+0.02 0.28 + 0.02 0.372 1.26 £ 0.27 0.89 £ 0.15 0.145 5.77 £ 0.87 13.19+1.98 0.026

respectively). We also compared the expression of genes that
are associated with the disease, regulate cell proliferation and
the terminal differentiation (Table 1). In addition, we
verified the expression of proapoptotic factors DAPK1 and
IRF8 and cytokeratins in the cells treated to IFN-y (Figure
4).

Previously, it was shown that MMP1I silencing changes the
morphological characteristics of epidermal keratinocytes
[18]. Unlike the cells that expressed scrambled shRNA and
preserved a familiar cobblestone-like appearance, MMP1-
deficient cells grew in spots, climbed each other and formed
layers before they could cover the growth surface. Moreover,
the collonies of HaCaT-MMP1 exhibited sharp boundaries,
whereas the boundaries of the colonies formed by HaCaT-
KTR cells were blurred.

Assuming that MMP1-deficiency influenced the strength
of intercellular contacts, we verified how it could affect the
cell migration in the presence of proinflammatory cytokines
-1IL17, TNF and IFN-y. We found that the ability of MMP1-
deficient cells to migrate was impaired and their migration
rates did not exceed the migration rate of untreated control
cells. For this reason, we assume that MMP1 silencing could
be used to suppress structural rearrangements in lesional
skin.

Then, we verified how MMP1 silencing could influence the
cell proliferation. Surprisingly, when we compared untreated
cells we did not see any significant difference between
MMPI-deficient and control cells. In contrast, the
proliferation rate of MMPI1-deficient cells significantly
decreased after we treated the cells with either IL-17 or TNF.

Analyzing qPCR data, we found significant changes in
MKI67 expression in HaCaT-MMP1 cells treated with IFN-
y. Previously, it was shown that MKI67 is induced in all
phases of the cell cycle, except the interphase [20]. In this
respect, MKI67 expression level in cultured cells reflects the
total number of cells entered the cycle rather than their
proliferation rate. For this reason, we also verified whether
MMP1-silencing affects the cytokine balance in HaCaT-KTR
and HaCaT-MMP1 cells and found that treatment of HaCaT
-MMP1 with either TNF or IL17 shifts the balance between
CCNA2 and CCND1 in favor of CCND1 (Table 1). To the
references, the named cyclins are key regulators of cell cycle.
Particularly, CCNA2 controls the transition from G2 to M-
phase of cell cycle. In turn, CCNDI is needed for the G1/S
transition [21,22]. In this context, we would like to
acknowledge that changes in the expression CCNA2 and
CCND1 in lesional psoriatic skin are quite opposite to ones
that we see in HaCaT-MMP1 cells. Compared to uninvolved
skin, the skin samples obtained from lesional skin exhibit a 2
-fold decrease in CCND1 [23] and an 8.7-fold increase in
CCNA2 [24] expression. Respectively, a shift in the
expression of cyclins that we observe in real-time PCR
experiments explains why MMP1-deficienct cells exhibit
lower proliferation rate.

However, the most dramatic changes we observe in the
presence of IFN-y. Particularly, we see that MMP1-deficient
cells stopped proliferating and detached from the growth
surface. To explain this phenomenon, we compared the
DAPK1 and IRF8 in the cells treated with IFN-y.
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DAPK1 and IRF8 in the cells treated with IFN-y.
Respectively, we found that their expression levels were
higher in HaCaT-MMP1 cells. We also discovered a higher
expression of the late differentiation markers loricrin and
filaggrin (Table 1) as well as the genes encoding KRT1, -5, -
10 and -14. The observed changes in gene expression
suggested us that MMP1-silencing could potentially trigger
apoptosis and shift the balance between differentiation and
proliferation  in  epidermal  keratinocytes  toward
differentiation.

Notably, the changes in the expression of KRT17 that we
observe in response to either IL17 or TNF are opposite to
ones that occur in lesional psoriatic skin [25]. In the skin of
lab animals, suppression of KRT17 that is often referred to as
a "key gene" of psoriasis [26,27] prevents hyperplasia, i.e.
thickening of the epidermis due to more intensive cell
division and lowering the intensity of inflammatory process.
In contrast, an induction of KRT17 stimulates the secretion
of Th1 chemokines, such as CXCL5, -9, -10, -11 [26]. For
this reason, downregulation of KRT17 caused by MMP1
silencing could be beneficial for the psoriasis patients.
Particularly, MMP1 silencing in epidermal keratinocytes
could attenuate the inflammatory response and suppress
hyperplasia in lesional psoriatic skin.

5. Concluding Remarks

In conclusion, we would like to summarize our key
findings:

1. In the cultured epidermal keratinocytes, MMP1-
deficiency shifted the balance between differentiation and
proliferation toward differentiation. Respectively, MMP1-

differentiation of epidermal keratinocytes in lesional skin.

2. Unlike the cells where MMP1 expression was not
affected by shRNA, MMP1-deficient cells were susceptible to
apoptosis in the presence of IFN-y. Respectively, MMP1-
deficiency can be used to promote apoptosis in lesional
epidermis where IFN-y is elevated.

3. In addition, MMPI targeting could be beneficial for
psoriasis due to its antiproliferative effect in the presence of
proinflammatory cytokines. Respectively, MMP1-deficiency
can be used to normalize the proliferation rate of epidermal
keratinocytes in diseased skin.

We would also acknowledge that delivery of MMP1
shRNA to diseased skin is a challenging task that requires an
optimization of existing delivery systems to make the genetic
material of interest (shRNA, genetically modified virions
etc.) capable of penetrating the skin barrier.

3akmroueHne

B 3akmoueHne, Mpl XoTemu Obl OOOOLIMTD OCHOBHBIE
Ppesy/IbTaThl Halllell pabOTBL.

1. «Hoxpayn» MMP1 B KY/IbTUBUPYEMbIX
3NNJIepMaIbHbIX KepaTMHOUMTAX INPUBOIUT K CMEIIEHMIO
OamaHca MeX[y uX AuddepeHInpoBKoit u nponudeparue
B cropony aupdepenuyposku. Ilo stoit mpuunne, PHK-
nntepdeperinio MMP1 MOXHO MCIONMB30BaTh /IS TOTO,
4TOOBI CTUMY/IMPOBATh TEPMUHATBHYIO Au(depeHIPOBKY
SMMIEPMaIbHBIX KePaTMHOLNTOB B OPaXKeHHO! 60J/Ie3HbIO
KOXe.

2. B oTmmume OT KIETOK C HOPMAlbHBIM YPOBHEM
skcrpeccun  MMP1  snmpepmanbHble  KEPaTMHOLMTBHL  C
NOHIDKEHHBIM ~ yYPOBHEM  3KCIpeccMyM  3TOTO  TeHa

deficiency can be wused to stimulate the terminal noziBepXeHsl anonrosy B mpucyrcrsum IFN-y. B cumy
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Figure 4 | Migration Expression of proapoptotic factors and cytokeratines in MMP1-deficient cells exposed to IFN-y. The cells were treated
with IFN-y (50 ng/mL) for 24h. A - expression of proapoptotic factors and B — expression of cytokeratins. Gene expression in HaCaT-KTR
cells treated with IFN-y, was referred to as 1-fold relative expression. YpoBeHb 3KCIpeccuu MapKepoB aIONTO3a J LIUTOKEPATMHOB B
smupepManbHbIX KeparyHonmTtax HaCaT-MMP1, ob6paborunbix IFN-y. Knerkm kymprusmpoBamy B mpucyrcrsum IFN-y (50 Hr/mm) B
TedeHMe 244. DKCIpeccrs MapKepoB amonTosa (A) ¥ TeHOB, KOMMPYIOIINX LMUTOKepaTuHbI (B). YpoBeHb sKcIIpeccuy yKasaHHBIX I€HOB B
knerkax HaCaT-KTR, o6pa6orannbix IFN-y, IprHIMany paBHBIM eIMHNLIE.
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9TOTO, CHIDKeHMe YpoBHA aKcmpeccun MMP1  moxxHO
VICIIONIB30BATh YIS TOTO, YTOObI MHUIMMPOBATH AMOITO3 B
IICOPMATIYECKOM 3IMfiepMIce, The KoHueHTpauusa IFN-y
IpeBbIIIaeT HOpMa/lbHbIe (HU3MOIOTIYECKe 3SHAYCHNUA.

3. Hakonern;, PHK-nuTepdepennns MMP1 mMoxeT umeTb
KIMHIYECKOe  3HaueHme Jyid  IICOpMAa3a,  ITOCKOJBbKY
OPUCYTCTBYE  IPOBOCHAIMTEIbHBIX  LUTOKMHOB B
Ky/IbTYpaJIbHOI Cpefie TPUBOAUT K CHIDKEHUIO CKOPOCTU
nponudepanuyu  kaetok ¢ gebunmrom  MMPIL.
COOTBETCTBEHHO, «HOKIayH» MMP1 MOXHO MCIONMb30BaTh
WA TOTOo, 4YTOOBI CHUSUTB CKOPOCTb Tposnudepanuu
SMMJepMaIbHBIX KepaTMHOLMUTOB in vivo.

MBI Takxe XoTe/ Obl OTMETUTD, YTO B HACTOsAI[ee BPeMs
nposefenre PHK-uHTepdepeHunm B TepameBTUYECKMX
LeNAX BCe elle ABIAETCA TPYSHOBBIIIONHMMOMN 3ajaveit,
IIOCKOJIPKY SIUJIEPMIC, ABJIAACH €CTeCTBEHHBIM 6apbepoM
Ha HYTH YyXXEPOIHBIX OMOMOJIEKY/, 3(pPeKTUBHO MellaeT
X IIPOHMKHOBEHMIO B KOXYy. PemenHme sToit 3agaun
norpebyer paspaboTkm 6osnee 3PPEKTMBHBIX CIOCOOOB
TpaHcheKIMu KIeTOK, HaXOAIMUXCA B Ko>Ke O0/IbHOTO
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