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RNA INTERFERENCE TARGETING INTERSTITIAL COLLAGENASE IS
A POTENTIAL THERAPEUTIC TOOL TO TREAT PSORIASIS
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Matrix metalloproteinases play an important role in maintaining skin homeostasis, promote wound healing, and are involved
in triggering inflammation. They are implicated in the structural changes occurring in the epidermis of psoriatic patients and
also facilitate infiltration of the skin by immune cells by regulating permeability of dermal capillaries. In this light, control over
the enzymatic activity of matrix metalloproteinases is crucial for a successful treatment outcome in patients with psoriasis.
The aim of this work was to investigate the effect of RNA interference on the progression of psoriasis by targeting interstitial
collagenase of epidermal keratinocytes. As part of the experiment, the latter were transduced with lentiviral particles that encode
small hairpin RNA. Gene expression was measured by real time polymerase chain reaction. Enzymatic activity was measured
by zymography. RNA interference was found to lead to a 20- and 4-fold decrease in the expression and enzymatic activity of
interstitial collagenase, respectively. Expression of homologous genes (MMP2, -9 and -12) changed insignificantly. In contrast,
there were marked changes in expression of cytokeratin (KRT7: 16.89 + 0.97; KRT14: 2.36 = 0.19; KRT17: 0.12 + 0.01;
KRT18:0.56 + 0.02), involucrin (0.79 + 0.11) and filaggrin (6.99 + 0.97). Besides, RNA interference caused a significant decline
in cell migration rates, although it did not affect cell proliferation. Thus, small hairpin RNAs targeting interstitial collagenase are
potentially therapeutic for psoriatic patients due to their ability to regulate expression of genes implicated in psoriasis (/VL, FLG,
KRT1,-14-17,and -18).
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OLEHKA TEPAMNEBTUHECKOI'O NOTEHUWMAJA PHK-UHTEP®EPEHL N
WHTEPCTULIMANIbHON KOJINATMEHAS3bI A1 NEYEHUA MCOPUA3A

HO. A. Morynesuesa', A. B. MeseHues?™ C. A. bpyckunH?

" Poccuitckii rocyfapcTBeHHbI arpapHbit yHuBepcuteT-MCXA nmenn K. A. Tummnpssesa, Mocksa

2 [labopartopus yHKUMOHAIbHOW FEHOMUKI, OTAEN FEHETUYECKX OCHOB BUMOTEXHOMOMN,
VIHCTUTYT 06LLen reHeTnkn nmenn H. V1. Basunosa PAH, Mockea

MaTpVKCHbIE METaNNONPOTENHAS3bI UMPAOT BaXKHYIO POSIb B MOAAEPKaHWM FOMeOCcTasa KOXI, 3aKNBAEHNV PaH 1 MHALMALAN
BOCManMTeNbHOro npouecca. MNpy ncoprase MaTpUKCHbIE METANIONPOTEMHA3bl YHaCTBYIOT B CTPYKTYPHbBIX MEPECTPOMKax
snmaepMmca 1 perynaumm NpoHULAeMOCT MUKPOKaNUIAPOB AEPMbl, CMOCOBCTBYS MHUALTPALMM KOXIM KIeTKamu M-
MYHHOW CUCTEMBbI. B culy 3TOro ymMeHne KOHTPOMPOBAaTb aKTUBHOCTb MAaTPUKCHBIX METaIonpoTerHas npeacTaBnseTcs
HeoOXOANMbIM AJ151 YCMELLHOrO fledeHnst ncoprasa. Liensto faHHoM paboThl SBAsNACh OLEHKa BOSMOXHbBIX M3MEHEHWIA B NaTo-
reHese ncopwvasa B pesynsrare PHK-uHTepdepeHLIn MHTEPCTLMANbHONM KonareHasbl B anaepMalibHbIX KepaTyHoLMTaX.
[na 3Toro KNeTky TpaHCAyLMpOBau NEHTVBMPYCHBIMI HYacTuLaMK, KOOVPYIOLLMMY B reHOME Manyto UHTepMEepMpYHOLLYIO
PHK. [Ina aHann3a ypoBHEN SKCMPECCUN MTEHOB MCMOb30Ba/IM METOL, MONIMMEPA3HOM LIEMHON PeaKUMM B PEXXUME «peallb-
HOro BpemeHu». GepMeHTaTVBHYIO aKTUBHOCTb Onpedensanv MetogoM sumorpadun. CornacHo MosyyYeHHbIM pedynsratam
PHK-mHTepdepeHums npreena K CHMKEHNIO YPOBHS SKCMPECCUN reHa 1 (hepMEHTATUBHOM aKTVBHOCTU MHTEPCTULMAIIBHOM
konnareHasbl B 20 1 4 pasa COOTBETCTBEHHO. [1pn 3TOM 3KCNPeCccusi roMonorndHblX reHos (MMP2, -9 n -12) MmeHsanaco
He3Ha4YMTeNbHO. HampoTie, Hamu OblIM MOKa3aHbl U3MEHEHWS B YPOBHHAX SKCMPECCUM MeHOB umTokepaTuHoB (KRTT:
16,89 + 0,97; KRT14: 2,36 = 0,19; KRT17: 0,12 + 0,01; KRT18: 0,56 + 0,02), nHsontokpuHa (0,79 + 0,11) 1 dpunarrprHa
(6.99 + 0,97). MNomumo storo, PHK-nHTEptepeHUMs Bbi3dBaia CyLLECTBEHHOE CHMXKEHME CKOPOCTU MUMpaumm KIETOK, XOTA
NPaKTU4ECKM He MOBAMSNA Ha X Mponndepaumio. Takim 06pasoM, TepaneBTUHECKMI NOTeHUMan Masbix UHTEPMEPUPYIOLLIMX
PHK, cneumdunyHbiX K IHTEPCTULMANbHONM KonnareHase, 3akoHaeTcsd B HOpMaM3aLummn SKCpPeCccu BaXkHbIX 419 natoreHe-
3a ncopwvaza reHos (IVL, FLG, KRT1,-14 -17 n-18).

KntoueBble cnoBa: ncopuas, MHTEPCTULMAaNbHasA KosnareHasa, IeHTUBMPYCbI, TPAHCAYKUMS, TpaHCMHEKLME, Manas UHTep-
dheprpyrowan PHK, uytokepaTuHbl, MHBOMOKPUH, unarrpuH
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Psoriasis is one of the most common skin diseases [1]. The
hallmarks of plaque psoriasis, which is accountable for
90 % of the reported cases, are the raised and clearly delimited
epidermal lesions and chronic skin inflammation that leads
to an infiltration of the skin by immune cells. At the molecular
level, psoriasis is characterized by differential expression of
genes encoding cytokeratins, involucrin and filaggrin, which
are involved in the differentiation of epidermal keratinocytes.
Particularly, the expression of KRTT and -74 elevates, whereas
the expression of KRT17 and -18 declines.

Unfortunately, there is no cure for psoriasis. On the other
hand, the available antipsoriatic treatments can clear psoriasis,
often for long periods of time. In this respect, the development
of new therapeutic approaches for psoriasis will remain a
high priority task that requires an immediate action. In turn, a
search for effective treatments will not be successful without
understanding how psoriatic plaques are developing and how
their progression can be manipulated. Accomplishing this task
also requires identifying the key participants of the disease
pathogenesis and revealing their role in the disease progression.

In the lab, our research is focused on interstitial collagenase
(IC). In psoriasis, IC is plays an important role in epidermal
remodeling, interactions between the epidermal keratinocytes
and permeabilization of dermal microcapillaries to the immune
cells [2]. Moreover, the expression levels of certain matrix
metalloproteinases, including IC, correlate with the severity of
the disease and they typically elevate when psoriasis flares. In
this respect, it would be important for us to find out how to
control metalloproteinase activity in the lesional skin.

Unfortunately, the idea that the activity of individual matrix
metalloproteinases can be blocked by specific inhibitors is
failed. To date, the clinical data suggest that the proposed
experimental treatments either have a poor efficiency [3] or
produce life-threatening adverse effects [4]. However, it is quite
possible to suppress the individual matrix metalloproteinase
genes by knocking them down with specific small hairpin RNAs
(shRNAs). In the other words, lesional skin can be treated
with certain substances that are capable to destroy mRNAs
transcribed from a particular gene. For instance, this kind of
experimental treatment could contain nonpathogenic viral
particles that encode a target-specific ShRNA [5, 6].

According to the published data, the transfection efficiency
is not the same in different cell lines. Moreover, it may still
sufficiently vary even when the same protocol is used. For
instance, HaCaT cells, which are epidermal keratinocytes, are
more difficult to transfect or transduce than HEK293, which
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are human embryonic kidney epithelial cells [7]. A relatively low
transfection and transduction efficiency of HaCaT cells can
be explained by at least two reasons. First, although HaCaT
are immortalized cells, they have a protective mechanism that
defends them against foreign RNA. Particularly, HaCaT express
fully functional receptors TLR3 and TLR7 that recognize
viral RNA [8, 9]. Second, HaCaT originate from epidermal
keratinocytes that form a protective skin barrier. This protective
barrier prevents a penetration of the body by microorganisms
and chemical agents. Moreover, this barrier protects the body
from environmental hazards, such as UV and ionizing radiation.
In this respect, it is not surprising that HaCaT are more resistant
to the transfection reagents, compared to the other cells lines,
which are originated from the internal organs [10]. The later
also explains why the delivery of viral shRNA into primary cells
and the skin cells in particular looks for us as a very challenging
task.

In this paper, we demonstrated how IC silencing in human
epidermal keratinocytes may affect the pathogenesis of
psoriasis.

METHODS
Cell culturing

Cells were cultured in the DMEM medium supplemented
with L-glutamine (PanEco, Russia), antibiotic-antimycotic and
5 % fetal bovine serum (Thermo Fisher Scientific, USA). The
medium was replaced every other day. Once the cells had
reached 70-75 % confluence, they were reseeded into new
dishes, one fifth of the collected cells per dish. The cells were
counted in hemocytometer. To measure the areas covered by
the cells and estimate the ratio of fluorescent cells, the images
of transduced cells were analyzed with Imaged software (NIH,
USA) using “Freehand selection” tool and “Cell counter” plugin,
respectively.

Cell transfection and transduction

To obtain genetically modified virions that encode necessary
shRNA, the packaging cell line HEK293 was cotransfected
with 4 plasmids: pMDLg-pRRE, pREV-TRE, pCMV_VSV_G
and pGPV. Plasmids pMDLg-pRRE, pREV-TRE, and pCMV_
VSV_G, which encoded viral genes necessary for assembling
the virions, were a generous gift of Prof. M. A. Lagarkova
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Fig. 1. Lentiviral transduction. (A) Ratio of HEK293 cells emitting the fluorescent light in the course of transfection. (B) Ratio of HaCaT cells emitting the fluorescent light
in the course of transduction. (C) Number of viable HaCaT cultured in the presence of puromycin. TRD — transduced cells; NTRD — non-transduced cells (negative

control). Transfection and transduction were performed as described in Methods
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(Vavilov Institute of General Genetics, RAS). The lentiviral
vectors pGPV-17019250-MMP1 and pGPV-17019250-CTR
encoding shRNAs were obtained as described earlier [11, 12].
Vector pGPV-17019250-MMP1 was used to obtain the IC-
deficient cells (HaCaT-IC), whereas vector pGPV-17019250-
CTR was used to obtain control cells (HaCaT-CTR) that
expressed scrambled shRNA. Moreover, each pGPV vector
also encoded puromycin-resistance factor (PuroR) and green
fluorescent protein (copGPF). These genes were necessary for
a selection of transduced cells on puromycin selective medium.
Before the experiment, a mix of the plasmids mentioned above
(10 : 5:2:10) was diluted in unsupplemented DMEM .Then,
the transfection reagent Metafectene (Biontex, Germany) was
added and the obtained aqueous solution was incubated for
15-minutes at room temperature. At the end of the incubation,
the solution was added to HEK293 cells (30-40 % confluence).
In 6 hours, the culture medium was replaced with a fresh one.
Then, four days following the transfection, a virion-containing
medium was collected, filtered (pore diameter — 0.4 pm) and
used to transduce HaCaT cells.

The transduction of human epidermal keratinocytes
HaCaT (<60 % confluence) was performed for 4 days on a
daily basis by replacing their own culture medium with virion-
containing medium collected from HEK293. In four days, the
transduced cells were transferred to the medium contained
5 pg/ml puromycin (Thermo Fisher Scientific) and cultured there
for a week to select the puromycin-resistant cells with different
levels of IC expression.

Preparation of cell homogenates

To obtain cell homogenates, the cells were harvested at
60-70 % confluence and resuspended in the RIPA buffer
(25 mM Tris, 150 mM NaCl, 0.1 % sodium dodecyl sulphate,
0.5 % sodium deoxycholate, 1 % NP-40, pH 7.4) (Thermo
Fisher Scientific) for 1-2 min at 2-8 °C to achieve a complete
degradation of the cells (500 pl of the buffer per T-25 flask).

Protein assay

The protein concentration was measured using the fluorimetric
Qubit Protein Assay Kit (Thermo Fisher Scientific) according to
the manufacturer’s protocol.

Polyacrylamide gel electrophoresis and zymography

Polyacrylamide gel electrophoresis was performed according
to Laemmli [13, 14]. The acrylamide concentrations in resolving
and stacking gels were 10 % and 5 %, respectively. Zymography
was performed in 10 % polyacrylamide gel containing 4 mg/ml
collagen (Thermo Fisher Scientific) as described earlier [15].
Briefly, to prepare the gel, the gel components were mixed on
an ice bath at 2-8 °C and transferred to room temperature for
polymerization. The IC activity was assessed by densitometry
using the plugin “Gels” for Imaged software (NIH).

Extraction of total RNA

Total RNA was extracted with TRIzol reagent (Thermo Fisher
Scientific) 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 (Thermo Fisher
Scientific) according to the manufacturer’s protocol.

BULLETIN OF RSMU |3, 2017 | VESTNIKRGMU.RU

ORIGINAL RESEARCH | RNA THERAPY

Real-time PCR

Before the experiment, total RNA was converted to cDNA using
MMLYV RT kit (Evrogen, Russia) according to the manufacturer’s
protocol. The primer sequences were obtained from the Probe
database [17]. The probes designated for the experiments were
composed of cDNA, a pair of specific primers and gPCRmix-
HS SYBR+HighROX reagent (Evrogen). The total probe volume
was 25 ul, the final concentration of the primers — 1 uM
each and the expected cDNA concentration — 4 pg/ml. The
experiments were carried out in 48-well plates (lllumina, USA)
using the Eco real-time PCR system (lllumina). The annealing
temperature was set to 60 °C. Prior the experiment, the plates
were sealed with a transparent film and centrifuged (100 g,
3 min, 18 °C) to prevent uneven probe distribution. The data
were analyzed using the software supplied by lllumina. The
ACTB assay was used as an endogenous control. Each probe
was run in triplicates. After all, three independent experiments
were performed.

Proliferation assay

For proliferation assay, the cells were seeded in 6-well plates,
40,000 cells per well. Randomly selected samples were treated
with 0.25 % of trypsin-EDTA solution (PanEco) on a daily basis.
The cells were counted in a hemocytometer. The obtained data
were used to plot cell growth curves in Cartesian coordinates.
Each experiment was repeated for 3 times.

Scratch assay

To estimate the rate of cell migration, the cells were cultured until
they covered the entire dish surface. Before the experiment, the
cell monolayer was scratched with a pipette tip to form a 1.25
mm-wide cell-free area across the center of the well. Then,
the remaining cells were cultured for 5-6 days. The cell-free
areas were photographed daily and quantified using Freehand
selection tool in the Imaged menu.

Statistical analysis

Data were represented as mean + standard deviation (m + SD).
The statistical differences between the means were assessed
by a one-way ANOVA. If P-values were less than 0.05, means
were considered to be significantly different.

RESULTS
Preparation of lentiviral particles

Fluorescence of transfected HEK293 became evident the
next day after transfection. Then, the ratio of fluorescent
cells increased to 75-85 % (Fig. 1A). Besides, we discovered
that the transfection with the vector encoding the IC-specific
shRNA affected cell adhesion to the growth surface. Unlike the
cells transfected with the vector that encoded the scramble
shRNA (HEK293-CTR), the cells transfected with the vector
that encoded the shRNA (HEK293-IC) remained attached to
the growth surface even when the cells were cultured for a long
time and the culture medium became more acidic. Moreover,
HEK293-IC required a treatment with trypsin before reseeding,
whereas HEK293-IC could be resuspended with an automatic
pipette.
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Transduction of epidermal keratinocytes and their selection
with puromycin

Fluorescence in the transduced HaCaT cells became evident
on the 2™ day of transduction. At the mentioned time point, the
ratio of fluorescent cells in the samples did not exceed 10 %
(Fig. 1B). On days 3 and 4, the ratio of fluorescent HaCaT cells
reached 35-50 %.

To remove uninfected cells from the samples, the transduced
cells were transferred to the culture medium supplemented
with puromycin. For the first 3 days of culturing, the number
of cells dropped dramatically. The non-transduced cells, which
served us as a negative control, did not survive in the presence
of antibiotic (Fig. 1C). In the other samples, the ratios of viable
cells were 15-25 % of the cells treated with puromycin.

Moreover, we demonstrated that cells expressing the IC-
specific shRNA (HaCaT-IC) and those expressing scramble
shRNA (HaCaT-CTR) exhibited different morphological
characteristics. Specifically, the colonies of HaCaT-IC cells
exhibited sharp boundaries (Fig. 2A). Besides, multiple
HaCaT-IC cells grew on the top of each other suggesting that
the intercellular contacts between these cells are stronger,
compared to HaCaT-CTR (Fig. 2B). In contrast, HaCaT-CTR
cells retained the morphological characteristics typical for non-
transduced cells: the boundaries of their colonies were blurred,
and, unlike HaCaT-IC, they formed a regular monolayer once
confluency had been reached.

Changes in gene expression profile of transduced cell

In epidermal keratinocytes, IC silencing led to a 20-fold
reduction in the expression of the IC encoding gene (MMP1).
In contrast, the quantitative PCR did not reveal statistically
significant differences in the expression of metalloproteinase
genes MMP2, MMP9 and MMP12 (Fig. 3A). At the same
time, we observed shifts in the expression of VL and FLG
(0.79 + 0.11 and 6.99 + 0.97, respectively, Fig. 3B). The
protein products of these genes (involucrin and filaggrin,
respectively) play a key role in the differentiation of epidermal
keratinocytes. Moreover, the cells lacking IC demonstrated an
aberrant expression of cytokeratins characteristic for healthy
and psoriatic epidermis (Fig. 3C). For example, the expression
of KRT1 and -74 in HaCaT-IC cells was increased 16.89 + 0.97
and 2.36 + 0.19 times, respectively, whereas the expression
of KRT17 and -18 went down to 0.12 + 0.01 and 0.56 + 0.02,
respectively.
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Fig. 2. Effect of mRNA expression on the morphological characteristics of
transduced cells. (A) Cells expressing control shRNA. (B) Cells expressing shRNA
specific to interstitial collagenase. Transduction of HaCaT cells was performed as
described in Methods

Proliferation and migration of transduced cells

Analysis of the cell growth did not reveal any significant
differences in the proliferation rates of HaCaT-IC and HaCaT-
CTR cells (Fig. 4A). In contrast, analysis of cell migration
revealed that knocking IC down dramatically affected the
mobility of HaCaT-IC cells. In this respect, the migration of
HaCaT-IC resulted in a reduction of the injured area by ~40 %,
whereas HaCaT-CTR cells reduced it by ~85 % on day 5 of the
experiment (Fig. 4C).

Enzymatic activity of IC in the transduced cells

Assessment of IC enzymatic activity by densitometry revealed
that both cell lines were capable to produce collagenases IC,
MMP2 and MMP9 as well as secrete these enzymes into the
medium (Fig. 5A and B). However, the level of secreted IC
produced by HaCaT-IC cells was 4 times lower, compared to
HaCaT-CTR (Fig. 5C). Moreover, analysis of cell homogenates
revealed that HaCaT-CTR cells also produced small amounts
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Fig. 3. Assessment of gene expression in transduced human epidermal
keratinocytes by quantitative PCR. (A) Shifts in matrix metalloproteinase expression.
(B) and (C) Shifts in over-and underexpressed genes. (D) Housekeeping gene
expression. Data were normalized to the expression of ACTB. The figure shows
results of comparison of gene expression in epidermal keratinocytes expressing
interstitial collagenase-specific shRNA and control shRNA (see Methods)
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of pro-MMP1, which was undetectable in the homogenates
obtained from HaCaT-IC cells (Fig. 5B and C).

DISCUSSION

In this study, we generated two cell lines of immortalized
human epidermal keratinocytes. One of them (HaCaT-CTR)
expressed scramble shRNA and it was used as a control.
Another one (HaCaT-IC) expressed the IC-specific shRNA.
We compared morphological characteristics of both cell lines
(Fig. 2). We also showed that the expression of IC-specific
shRNA significantly affected cell migration (Fig. 4C). However,
it did not have a significant influence on the proliferation rate
(Fig. 4A). Moreover, we revealed that IC-silencing caused
changes in the expression of cytokeratins (KRT7, -14, -17,
-18), involucrin (/VL) and filaggrin (FLG). In the other words,
it primarily affected the genes linked to the differentiation of
epidermal keratinocytes (Fig. 3).

Notably, culturing the transduced cells revealed that HaCaT-
IC and HaCaT-CTR had different morphological characteristics.
Particularly, the colonies of HaCaT-IC cells exhibited sharp
boundaries, where multiple cells were growing on the top
of the others (Fig. 2A). In contrast, HaCaT-CTR retained the
appearance typical for non-transduced cells. The boundaries
of their colonies were blurred. Moreover, when HaCaT-CTR
reached confluency, they formed a monolayer (Fig. 2B). Based
on the fact that difference in HaCaTl-CTR and HaCaT-IC
genotypes were caused by the shRNA encoding transgene,
we concluded that different morphological appearance of
HaCaT-CTR and HaCaT-IC cells could be only explained by IC
silencing.

According to the published data [2], IC regulates cell
adhesion and also contributes to cell migration that follows the
injury. The cells expressing IC at a high level, such as invasive
cancer cells, poorly interact to each other and tend to migrate.
In turn, silencing IC in these cells makes them to interact to
each other and reduces their migration rate. Consequently,
it reduces the risk of metastasis that may occur in the distal
organs and tissues of experimental animals [18]. In this regard,
the results of our study are consistent with the published report.
As we discovered, the intercellular contacts between HaCaT-
IC cells are stronger and their migration rate is 2.5 fold less,
compared to HaCaT-CTR cells (Fig. 4B and C). Notably, we
also observed similar changes in HEK293-IC cells. Particularly,
we noticed that HEK293-IC cells are stronger attached to the
growth surface, compared to HEK293-IC.

Taking in account the structure of the epidermis, we have
to notice that the ability to migrate is strongly restricted to
undifferentiated and poorly differentiated keratinocytes of the
basal layer. In contrast, the mobility of epidermal keratinocytes
residing in the other layers is quite limited because these cells
are at the later stages of the terminal differentiation and they
are held together through a set of intercellular contacts, such
as desmosomes. However, the number of the cells capable
to migrate significantly increases during the development of
psoriatic plaques due to epidermal hyperplasia. In this respect,
we assume that morphological changes in HaCaT-IC cells could
not be only caused by the IC-deficiency but their progression
through the terminal differentiation program.

As shown earlier, manipulations with a single gene, such
as superexpression or knockout, can result in dramatic
consequences for the entire organism causing misregulation of
at least several hundred genes [20, 21]. In contrast, silencing
the same gene by specific shRNA may gradually adjust its

BULLETIN OF RSMU |3, 2017 | VESTNIKRGMU.RU

ORIGINAL RESEARCH | RNA THERAPY

A)
800 —
@ Hacatic
[ ] HaCaT-CTR
600
el
C
[
[2]
>
o
£
%)
3 400
o
kS
9]
Ke)
£
=}
Z 200
0 T T |
1 2 3 4
(B)
6000
4500
=
=]
®
o
o
[
S 3000
e
3
O
1500
0
Culture, days
(©)
HaCaT-IC HaCaT-CTR
[
>
(]
©
)
E
'_

Fig. 4. Effect of expression of in interstitial collagenase-specific shRNA on
proliferation and migration of transduced cells. Analysis of cell growth curves (A)
and quantitative assessment of migration rate (B) of HaCaT cells expressing IC-
specific ShRNA and scramble shRNA. (C) Migration of transduced cells: photos
taken the next day after transduction began and after it was finished. For details
please refer to Methods
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Fig. 5. Analysis of interstitial collagenase activity in transduced epidermal keratinocytes, cell homogenates and culture medium. (A) Zymography of culture medium
samples collected from growing transduced cells: 1 — cells expressing scramble shRNA. 2 — cells expressing IC-specific ShRNA. The arrows show positions of matrix
metalloproteinases in the gel. (B) Zymography of homogenate samples obtained from growing transduced cells: 1 — cells expressing scramble shRNA. 2 — cells
expressing IC-specific shRNA. (C) Quantitative analysis of enzymatic activity. Samples were collected 48 hours after culture onset. Confluency at the time of sample
collection — 60 %. Cell culturing, preparation of homogenates, details of protein electrophoresis and zymography are described in Methods

expression to the required level if nucleotide sequences with
various affinities to the specific mRNA are tried. Alternatively,
the same result can be achieved by using an appropriate
number of viral particles for the transduction. In this respect,
a comparative analysis of gene expression in HaCaTl-CTR
and HaCaT-IC cells demonstrated that a 20-fold reduction in
the expression of MMP1 did not change the expression of
homologous matrix metalloproteinases — MMP2, -9, and -12
(Fig. 3A).

An absence of statistically significant changes in the
expression of these genes is important for at least two reasons.
First, it means that we managed to block the IC biosynthesis
selectively, i. e. we did not disturb the expression of the
homologous genes that could be targeted by the specific
IC shRNA in the first turn. Second, the obtained results are
relevant to the specific phenotypical changes that we observed
in HaCaT-IC cells (Fig. 2).

In the same time, assessment of total collagenase activity
by densitometry demonstrates that IC activity in the culture
medium collected from HaCaT-IC cells is only 4-fold less,
compared to HaCaT-CTR cells (Fig. 5B). However, we did not
observe any significant accumulation of pro-IC in the cytoplasm
(Fig. 5B). As we believe, more prominent changes in MMP1
expression (Fig. 3A) compared to IC activity (Fig. 5B) are
caused by overloading the protein samples that we used for
zymography. In this respect, the band intensities could grow
proportionally up to a certain point unless the substrate was
not completely exhausted.

Moreover, a comparative analysis of gene expression in
HaCaT-CTR and HaCaT-IC cells revealed statistically significant
differences in the expression levels of cytokeratins KRT1, -14,
-17, and -18. Specifically, we found that KRT7 and -74 were
upregulated, whereas KRT17 and -18 were downregulated
(Fig. 3B). According to the literature, up- or downregulation of
these genes are of great physiological and clinical importance.
Particularly, the maintenance of normal expression levels of
KRT1 and -74 in healthy epidermis is crucial for the normal
flow of the terminal differentiation of epidermal keratinocytes
[22]. On the other hand, the development of psoriatic plaques
that occurs due to a disturbance of the terminal differentiation
program is accompanied by downregulation of KRT7 and -74

and upregulation of KRT17 and -18 [23, 24]. In this respect
(Fig. 3C), our results indicate that knocking IC down may have
an important therapeutic effect in psoriasis, because it partially
normalizes the expression of the mentioned cytokeratins, i.e. it
reduces the expression of KRT17 and -18 as well as stimulates
the expression of KRTT and -74.

Besides, IC silencing alters the expression of VL and
FLG (Fig. 3B). To the reference, proteins encoded by these
genes (involucrin and filaggrin, respectively) are the important
structural components of the cornified envelop. They are also
used as biomarkers that help to distinguish between early
and late stages in the terminal differentiation of epidermal
keratinocytes. In turn, the differential expression of mentioned
genes in psoriasis causes structural rearrangements in the
cornified envelop, which result in the development of psoriatic
plaques. Particularly, /VL becomes upregulated, whereas
FLG — downregulated [25]. In this respect, our results indicate
that IC silencing may have a therapeutic effect in psoriasis (Fig.
3B), because it partially normalizes /VL and FLG expression in
the transduced cells (Fig. 3B).

Importantly, the expression of TUBB and GADPH, which
are frequently used as “housekeeping genes” in the other real-
time PCR studies, did not change significantly (Fig. 3D) unlike
the expression of other genes that we already discussed above
(Fig. BA-C). Based on these results (Fig. 3D), we suggest
that ACTB can be used to normalize the real-time PCR data
obtained for HaCaT-CTR and HaCaT-IC cells.

CONCLUSIONS

In conclusion, we would like to acknowledge that we obtained
two new cell lines of epidermal keratinocytes — HaCaT-IC
that expressed shRNA specific to IC and HaCaTl-CTR that
expressed scramble shRNA. These cell lines had different
morphological characteristics. Moreover, IC silencing affected
the ability of HaCaT-IC cells to migrate. The comparative
analysis of gene expression revealed that knocking IC down in
epidermal keratinocytes could become a promising therapeutic
tool that to normalize the expression of IVL, FLG, KRT1, -14,
-17, and -18 in lesional psoriatic skin.
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