Biol. Stud. 2015: 9(3—4); 5-14 ¢ DOI: https://doi.org/10.30970/sbi.0903.456 @ »

www.http://publications.Inu.edu.ua/journals/index.php/biology

UDC: 616.72-002.77:577.2:576.32/.36:602.9

ShRNA-MEDIATED KNOCKDOWN OF INTERLEUKIN-6 EXPRESSION RESCUES
TUMOR NECROSIS FACTOR o-INHIBITED OSTEOGENESIS
IN MOUSE MESENCHYMAL PRECURSOR CELLS

Kh. V. Malysheva'?, K. de Rooif*, C. W. G. M. Léwik®,
D. L. Baeten*, R. S. Stoika', O. G. Korchynskyi'3#

'Institute of Cell Biology, NAS of Ukraine, 14/16, Drahomanov St., Lviv 79005, Ukraine
e-mail: olexkor@hotmail.com.

2Insitute of Animal Biology, NAAS of Ukraine, 38, V. Stus St., Lviv 79034, Ukraine
3L eiden University Medical Center, Leiden, The Netherlands

“‘Academic Medical Center/University of Amsterdam,
Division of Clinical Immunology and Rheumatology, Amsterdam, The Netherlands

Rheumatoid arthritis (RA) is a severe autoimmune inflammatory disorder that
strongly reduces a quality of patient’s life due to its association with different morbidities
and socioeconomic expenses. The etiology of the disease remains unknown. It has
been demonstrated that interleukin-6 (IL-6), a target gene of tumor necrosis factor o
(TNFa) and interleukin 18 (IL-1pB), plays a crucial role in the pathophysiology of RA. It is
well known that bone morphogenetic protein (BMP)- and Whnt-involved pathways are
key signaling mechanisms that induce and potentiate cartilage and bone formation and
maintenance. We found that IL-6 similarly to TNFa inhibits activation of Wnt signaling
pathway in primary human synoviocytes. In current study, we evaluated an impact of
previously unrecognized negative interaction between the Wnt and IL-6 signaling path-
ways in skeletal tissues, as a possible major mechanism leading to age- and inflamma-
tion-related bone and joints destruction. It was found that shRNA-mediated knockdown
of IL-6 mRNA significantly increased early hBMP2/7-induced osteogenesis and rescues
it from the negative effect of TNFa in C2C12 cells. It also intensified bone matrix mine-
ralization in KS483 mouse mesenchymal precursor cells (MPC). Thus, IL-6 is an impor-
tant mediator in the inhibition of osteoblast differentiation by the TNFa, and knockdown
of IL-6 expression partially rescues osteogenesis from the negative control of inflamma-
tion. The anti-osteoblastic effects of IL-6 are most likely mediated by its negative regula-
tion of Wnt signaling pathway.

Keywords: rheumatoid arthritis, interleukin-6, osteogenesis, mesenchymal stem
cells, Wnt signaling pathway.
INTRODUCTION

RAis a chronic systemic autoimmune inflammatory disorder that affects up to 1.8 %
of adult population of the world. This disease has a significant medical and social impact,
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since the absence of the effective treatment rapidly leads to reduced quality of patients’
life and results in disability and even morbidity. RA may affect many tissues and organs,
but primarily it attacks the synovium of joints. The process induces synovitis, synovial
hyperplasia with neovascularization, and an excess of synovial fluid causing joint swel-
ling, stiffness, and pain. That leads to a destruction of articular cartilage and multiple
erosions into adjacent bones [8]. Although RA has been a subject of numerous investi-
gations, the cause of the disease is still unknown and its etiology and pathogenesis re-
main poorly understood [22].

Multiple cytokines regulate a broad range of inflammatory processes implicated in
the RA pathogenesis. An imbalance between the pro- and anti-inflammatory cytokine
activities favors the induction of autoimmunity, chronic inflammation, and thereby dama-
ge of RA patient’s joints [21]. TNFa, IL-18 and IL-6 play primary roles in the RA patho-
genesis as well as in other inflammatory diseases [8, 11].

IL-6 can promote synovitis and joint destruction by stimulating neutrophil migration,
osteoclast maturation and pannus formation. IL-6 may also be mediating humerous sys-
temic manifestations of RA including joint erosions developing as a result of IL-6 action
towards osteoclasts and osteoblasts differentiation. On the other hand, IL-6 plays a posi-
tive regulatory role in osteoclast differentiation by inducing the expression of receptor ac-
tivator of nuclear factor kappa-B ligand (RANKL) on the surface of osteoblasts [9, 24, 26].

Several signaling pathways are strongly misregulated in the synovial fibroblasts,
monocytes, neutrophils, endothelial and other cells in joints of RA patients. In particular,
recent studies of human rheumatic and orthopedic diseases and specific mouse models
with both activating and null mutations of proteins required for the canonical Wnt signaling
suggest a crucial role of this signaling pathway in the regulation of bone formation, main-
tenance, reparation and remodeling by regulating osteoblast and osteoclast proliferation
and differentiation [6, 10, 12]. Osteoblast differentiation is predominantly supported by
BMPs that are members of the transforming growth factor § (TGFp) superfamily, and by
Whnt proteins. Although efficient differentiation of the mesenchymal precursors to the os-
teo- and chondrogenic lineages requires both Wnt and BMP signaling, and the canonical
Whnt pathway subsequently acts as the master regulator of osteogenesis [20].

Whnt/B-catenin signaling regulates osteogenesis through multiple mechanisms.
Whnts repress alternative mesenchymal differentiation pathways such as adipocyte and
chondrocyte differentiation and promote osteoblast differentiation, proliferation, and
mineralization activity while blocking osteoblast apoptosis. By increasing a ratio of os-
teoprotegerin (OPG)/RANKL, B-catenin represses osteoclastogenesis [19]. In a healthy
skeleton, cortical bones’ formation and resorption adjacent to joints are well balanced
but the inflammatory arthritis leads to an imbalance between these processes. Bone
formation is hampered by the TNF-mediated expression of inhibitors suppressing Wnt
signals, whereas bone resorption is enhanced by an expression of RANKL [3] — a key
factor of the osteoclast differentiation and activation.

In terms of the commitment and differentiation of the mesenchymal stem cells
(MSC), there is a cooperative crosstalk between the Wnt and BMP pathways [23]. BMP
signaling is crucial for skeletogenesis and homeostasis through both development and
adulthood. The crosstalk between BMP and Wnt signaling is notoriously complex in all
tissues, and it can be either synergistic or antagonistic, depending on the cellular con-
text and bone is not an exception to this rule. In line with the complexity of their cross-
talk, BMP and Wnt signaling have opposing effects on the osteoprogenitors, yet they
seem to function, for the most part, cooperatively in the osteoblasts and osteocytes.
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Although a crucial role for canonical Wnt signaling in skeleton homeostasis has
been strongly established, much remains to be discovered in respect to its fine tuning
and crosstalk with other pathways in bone [2].

In our studies, we found that IL-6 inhibits activation of Wnt signaling pathway in
primary human synoviocytes. Moreover, TNFa and IL-6 cooperatively inhibit the activa-
tion of Wnt response (O. Korchynskyi, unpublished data). The main goal of this study
was to evaluate an impact of previously unrecognized negative interaction between the
Wnt and IL-6 signaling pathways in skeletal tissues as a possible major mechanism
leading to age- and inflammation-related destruction of bone and joints.

MATERIALS

Short (small) hairpin RNA (shRNA). ShRNA-expressing constructs are frequent-
ly used as a convenient substitution for siRNA specifically targeting gene expression
that allows to avoid initial side effects of transfection required for siRNA delivery to the
cells. A set of validated shRNA lentiviral constructs that specifically target the expres-
sion of mouse versions of IL-6 mRNAs, was purchased as a part of MISSION library
from Sigma-Aldrich (St. Louis, MS, U.S.A.).

Plasmids expressing BMP2 and BMP7 full-length cDNA were purchased from
Open Biosystems/GE Healthcare (Lafayette, CO, U.S.A). Wnt signaling-specific repor-
ter Bat-Luc was kindly provided by Dr. Stefano Piccolo. BMP2, BMP7 and Bat-Luc ade-
noviruses were prepared and grown essentially as before [7]. Briefly: to generate the
BMP2 and BMP7 adenoviruses the full-length cDNA were recloned into pShuttle-CMV
plasmid. A pShuttle vector was used in order to make a Bat-Luc reporter adenovirus.
Obtained pShuttle or pShuttle-CMV constructs were linearized with Pmel restrictase
and recombined with Easy-1 vector. Resulting cosmids were linearized with Pacl re-
strictase and prepared as adenoviruses in HEK-293 cells [7].

METHODS

Cell culture and ligands. Our studies were performed using mouse mesenchymal
precursor cells of C2C12 and KS483 lines. These cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM, Sigma) containing 10 % fetal calf serum (FCS, Sig-
ma). Cells were grown in a 5 % CO,-containing atmosphere at 37 °C. Upon transient
transfection, cells were grown in DMEM supplemented with 4 % FCS and 16 hours later,
they were transferred to fresh DMEM with 10 % FCS and addition of appropriate li-
gands. In particular, cells in appropriate variants were treated with 10 ng/ml of recombi-
nant TNFa, 100 ng/ml of IL-6 in combination with 500 ng/ml of soluble IL-6R. All ligands
were purchased from R&D Systems (Minneapolis, MN, U.S.A.).

Primary human synoviocytes (fibroblast-like synoviocytes, FLS) were isolated from
synovial biopsies of patients with RA (n = 18) fulfilling the American College of Rheuma-
tology revised criteria for RA [1, 7], cultured as previously described [13] and used for
experiments between passages 4 and 9, following overnight culture in medium containing
1% fetal bovine serum (FBS; Invitrogen, Breda, The Netherlands).

Transient transfection. C2C12 and KS483 cells were split at a density of 1.5x10*
cells per cm? in 12-well plates. Next day, cells were transiently transfected with plasmid
constructs expressing shRNA targeting /L-6 mRNA or control scrambled shRNA (0.5 ug
of total DNA per well). Transfection was carried out using GeneJuice transfection rea-
gent (Merck Millipore, U.S.A.) following the manufacturer’s protocol. An efficacy of
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shRNA-mediated knockdown was confirmed with quantitative PCR (polymerase chain
reaction) and varied from 6.5 to 8 times for most efficient variants (data not shown).

Stable infection. C2C12 cells were plated in a complete media overnight. Lentivi-
ral particles were added at the multiplicity of infection (MOI) =5 and =10 in the presence
of DEAE-dextran, and cells were incubated for 24 hours. Then, equal amount of fresh
media with no lentivirus was added, and the cells were incubated for additional 24
hours. Two days later, transduced cells were selected by adding puromycin (3—4 pg/ml).
Obtained puromycin-resistant multi-clonal cultures of C2C12 cells were used for stu-
dies. These cells were tested for presence of the lentiviral p24 using ELISA, and no p24
was detected. An efficacy of shRNA knockdown was confirmed with a Real-Time RT-
PCR amplification (data not shown).

Induction of osteoblast differentiation. C2C12 and KS483 cell lines can be in-
duced to differentiate into osteoblasts by different BMPs, including BMP2 and BMP7. 24
hours after transient transfection, these cells lines were transduced with a combination
of adenoviral constructs encoding recombinant hBMP2 and hBMP7 at the multiplicity of
infection (MOI) even to 500 for each one construct [17] to induce a production of hBMP2/
hBMP7 heterodimers along with appropriate homodimers. During osteogenesis assay,
C2C12 and KS483 cells were cultured in a differentiation-supporting medium supple-
mented with 50 pg/ml ascorbic acid for 4 and 10 days, respectively. Starting from day
10 upon induction of osteogenesis, KS483 cells were also supplemented with 5 mM
B-glycerophospate for next 8 days totaling in 18 days. Recombinant BMPs were a gift
from Dr. K. Sampath (Curis, Inc.).

Alkaline phosphatase assay. The alkaline phosphatase activity produced by C2C12
was analyzed spectrophotometrically using a -nitrophenylphosphate (T-NPP), as a sub-
strate [25]. Four days after induction of osteogenesis, the cells were washed twice with
0.4 ml of 1X phosphate-buffered saline (PBS) per well. Afterwards, cells were lysed in
0.2 ml of alkaline phosphatase (ALP) lysis buffer (10 mM glycine, 100 uM MgCl,, 10 uM
ZnCl,, 0.1% Triton X-100) per well and agitated gently for 5 min. Then, 10 pl aliquot of cell
lysate was placed into a 96-well plate and ALP activity was revealed with 90 pl/well of ALP
assay buffer (100 mM glycine, 1 mM MgCl,, 100 uM ZnCl,) supplemented with 6 mM
T-NPP (Pierce-Thermo Fisher Scientific, Grand Island, NY, U.S.A.) [25], were mixed gen-
tly and incubated at room temperature until color developed. The optical density was
measured at 405 nm (OD,,.) in a 96-well plate reader (BioTek, Winooski, VT, U.S.A.).

Alizarin staining. Histochemical examination of mineral deposition by KS483 cells
was performed using conventional staining with Alizarin Red (Sigma-Aldrich, St. Louis,
MS, U.S.A.) [25]. Cellular monolayers were washed with 1X PBS (0.4 ml/well) and fixed
in 10% (v/v) formaldehyde at room temperature for 5 min. The monolayers were then
washed with deionized H,O (dH,O) prior to addition of 0.4 ml of 2% Alizarin Red S solu-
tion (pH 5.5) per well. The plate was incubated at room temperature for 2—-5 min with
gentle agitation. After aspiration of the unincorporated dye, the wells were washed twice
shortly with 0.4 ml of dH,O per well and once with 3 ml of dH,O per well while shaking
for 5 and 20 min, respectively. Then, the monolayers were stored in 1 ml of 1X PBS and
scanned. Representative wells are shown.

BioEthics Committee Approval. All human subject samples were collected after
approval by the Institutional Review Board of the Academic Medical Center/University
of Amsterdam, Amsterdam, The Netherlands (Protocol MEC 07/079 #10.17.0708) and
provision of informed consent by the patients.

Statistical analysis. Statistical differences were analyzed by Student’s t-test.
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RESULTS AND DISCUSSION

In studies performed on primary human synoviocytes, we found that both TNFa
and its target gene /L-6 inhibit activation of Wnt signaling induced with an overexpres-
sion of Wnt3a adenovirus (Fig. 1). The inhibitory effect was more pronounced at lower
level of Wnt signaling activation (correspondingly, 13 and 11 times inhibition for TNFa.
when Wnt3a was used at MOI = 300 and 500). The inhibitory effect of IL-6 was also
more pronounced at lower level of Wnt signaling activation (correspondingly, 3.4 and
3.1 times inhibition for IL-6/IL-6R combination when Wnt3a was used at MOI = 300 and
500) (Fig. 1).

O Control
6 +—— B TNFa,10ng/ml
M IL6 +IL6R

Relative luciferase units x 1000
w

Jomm e DL

Control Wnt3a Adv MOI = 300 Wnt3a Adv MOI = 500

Fig. 1. IL-6 and TNFa inhibits activation of Wnt signaling pathway in primary synovial fibroblasts.
Primary synovial fibroblasts were transduced with the mixture of Bat-Luc luciferase reporter adenovi-
rus at multiplicity of infection (MOI) = 200 and a LacZ adenovirus (MOI = 5) used for normalization.
10 hours later cells were treated with a combination of recombinant IL-6 (100 ng/ml) and IL-6R
(500 ng/ml) or 10 ng/ml of recombinant TNFa for 3 days. 20 hours after reporter transduction a Wnt3a
adenovirus at indicated MOI was infected for next 48 hours

Puc. 1. 111-6 i ®HIMo. iHridytoTb akTMBaUito curHanbHoro wisxy Wnt y nepBMHHUX cMHOBianbHuUx ¢iépo-

6nacrax.
[MepBuHHI cMHOBIanbHi hibpobnacTy TpaHCAyKyBanu CyMiLLLLIO afeHOBIPYCHUX KOHCTPYKLIA, SKi eKc-
npecyTb penopTepHuii reH noundepasn Bat-Luc npyu MHoxuHHOCTI iHdekuii (MOI) = 200 i LacZ
(MOI = 5) gna Hopmanisauii. Yepes 10 rog kniTuHM 06pobnsanu noegHaHHsIM pekombiHaHTHUX IL-6
(100 Hr/mn) i IL-6R (500 Hr/mn), abo 10 Hr/mn pekombiHaHTHOro ®HIMo npoTsirom 3 gHiB. Yepes 20 rog
nicnst TpaHCAyKLUii KNiTMHM 06pobnsanu ageHoBIPYCHOO KOHCTPYKLeto, ska ekcripecye Wnt3a (i3 Bka-
3aHoto MOI) npoTsirom HacTynHux 48 rog

We further performed an in vitro evaluation of functional contribution of IL-6 and
TNFa effect on inhibition of bone formation using treatment with recombinant cytokines
combined with a blocking of /L-6 expression by shRNA in mouse mesenchymal precur-
sor cells of C2C12. ALP is a widely used marker of early stages in osteoblast differen-
tiation [5, 14, 16], and we successfully used it in preliminary studies (not shown). Treat-
ment of C2C12 cells with TNFo completely inhibits their myoblast differentiation, as well
as strongly inhibits BMP-induced osteogenesis (Fig. 2, and data not shown).
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Transient overexpression of shRNA targeting /L-6 mRNA, similarly to many other
small interfering (siRNA) and shRNA, always induces some off-target interferon response.
At the same time, efficient shRNA constructs allowed to partially (IL-6 shRNA-1) rescue
the osteogenic differentiation from negative effect of TNFa. In case of IL-6, shRNA-2 con-
verts TNFo from an inhibitor into a potentiator of osteogenesis (data not shown).

We generated lentivirally transduced multi-clonal cultures of C2C12 cells with
stable expression of shRNAs that specifically targets the expression of /L-6 mMRNA and
scrambled shRNA. It was shown that shRNA-mediated knockdown of /L-6 expression
significantly increased hBMP2/hBMP7-induced osteoblast differentiation (in individual
experiments from 2.7 to 6 times compared with a control) in stable multi-clonal cultures
of C2C12 cells (Fig. 2).

However, ALP cannot be used as a marker for late stages of osteoblast differentia-
tion for which bone mineral deposition and nodules formation are specific. According to
literature and to our preliminary data (not shown), Wnt pathway is activated during late
stages of osteoblast differentiation [18]. Unfortunately, C2C12 cells cannot undergo late
stages of osteoblast differentiation. In order to confirm a proper functional outcome of
IL-6 inactivation in differentiating osteoblasts, we used for these experiments KS483
cells that can efficiently follow late stages of osteogenesis [25]. Unfortunately, we were
not able to combine hBMP2/hBMP?7 treatment with TNFa due to massive death induced
in KS483 cells by TNFa (data not shown). Similar effect was also observed by other
investigators with other (pre)osteoblastic cell lines [4, 15].

2
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Fig. 2. ShRNA-mediated knockdown of IL-6 expression potentiates and rescues early osteogenesis
from negative effect of TNFa in stable multi-clonal cultures of C2C12 cell line.
Stable lentivirally transduced multi-clonal cultures of C2C12 cells were split into 12-well plates and
treated with a mixture of recombinant hBMP2 and hBMP7 adenoviruses; 10 ng/ml of recombinant
TNFo or with their combination for 4 days. Alkaline phosphatase activity in cell lysates was analyzed
spectrophotometrically. Optical density at 405 nm is shown

Puc. 2. ShRNA-onocepeakoBaHuMi HokaayH ekcnpecii reHa I/1-6 nigcunioe Ta 3BiNbHAE paHHi cTagil

ocTteoreHe3y Bif HeratuBHoro BnnuMBy ®PHIMo y cTabinbHUX MYNBTUKIOHANbLHUX KyJbTypax
KniTuH nixii C2C12.
TpaHcaykoBaHi neHTMBipycamu cTabinbHi MynbTUKMOHaNbHI KynsTypu KnituH nikii C2C12 nig vac
KyNbTUBYBaHHS y 12-NyHKOBUX MnaHLeTax 06pobnanm CyMillLL afeHOBIPYCHUX KOHCTPYKLI, siki ekc-
npecytotb hBMP2 i hBMP7, pekom6iHaHTH1M PTMHa (10 Hr/mn) abo ixHiM noegHaHHAM Ta iHKyOyBanm
npoTarom 4 AHiB. AKTUBHICTb NY>HOI pocdatasu y KniTMHHKUX fisaTax aHanidyBanu cnekTpodoTomMe-
TpyyHO. ONTUYHY ryCTUHY BUMiptoBanu npu 405 HM

As is shown on a fig. 3, a treatment of KS483 cells with hBMP2/7 strongly intensi-
fied their late osteoblast differentiation and overexpression of a combination of 6 ver-
sions of shRNA constructs targeting /L-6 further potentiated osteoblast differentiation. It
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was observed through nodules formation and matrix mineralization when compared
with a control scrambled shRNA.

We showed that a knockdown of /L-6 expression partially rescues osteogenesis
from the negative control of inflammation. Such a result suggests that IL-6 is an impor-
tant mediator in inhibition of osteoblast differentiation by TNFa. Despite the fact that IL-6
and TNFa are well recognized as the key cytokines in RA pathogenesis, a proper un-
derstanding of the precise molecular mechanism(s) for functional contribution of IL-6
and TNFa interaction into inhibition of bone formation is critically important.

Scrambled shRNA 6x shRNA-IL-6

Unstimulated +hBMP2/7 Unstimulated +hBMP2/7

Fig. 3. ShRNA-mediated knockdown of IL-6 intensifies hBMP2/7-induced bone matrix mineralization
in KS483 mouse mesenchymal precursor cells.
KS483 cells were transduced with indicated shRNA plasmids (0.5 ug of total DNA per well). Osteoblast
differentiation was triggered with a combination of adenoviral constructs encoding recombinant hBMP2
and hBMP7. During osteogenesis assay cells were cultured in a differentiation-supporting medium for
18 days. Cells were fixed and stained with Alizarin Red. Representative fields (1x) are shown

Puc. 3. ShRNA-onocepeakoBaHui HokaayH ekcnpecii reHa I/1-6 nigpcunioe hBMP2/7-iHaykoBaHy MiHe-
panisauito KiCTKOBOro MaTpuMkcy Me3eHXiMHUMU KniTuHaMmu-nonepegHukamu muwi KS483.
Knitunum ninii KS483 6ynu TpaHcaykoBaHi 3a3HadeHnmu shRNA nnasmigamu (0,5 mkr yciei OHK Ha
nyHky). OcteobnacTHy AvdepeHuiauiio iHAYKyBanu CyMiLLLLIO afeHOBIPYCHUX KOHCTPYKLIW, SKi Kogy-
10Tb pekoMbBiHaHTHI hBMP2 i hBMP7. Tig yac ekcnepumeHTy KniTUHU KynbTUBYBanu B AndepeHLin-
HoMy cepepoBuLli npotarom 18 gHiB. KnituHu dikcyBanu i papbyBanu anizapvHOBMM YepPBOHUM.
BignosigHi nons (1x) HaBegeHi

Taking into account known data, it was unexpectedly to find TNFa as an activator of
osteoblast differentiation. It shows that activation/inhibition and regulation of osteogenesis
are poorly known, in particular during inflammation or due to aging. It is a complex system
that includes many components and interactions and many of them are still unknown.

We also showed that IL-6 is an important inhibitor of late osteogenesis which can
be explained by the existence of still unknown direct or indirect negative interaction
between IL6 and Wnt signaling pathways. The Wnt signaling pathway inhibition by this
cytokine in skeletal tissues is a possible major mechanism leading to age- and
inflammation-related bone and joints destruction.

Thus, our data as well as results of other investigators together with our preliminary
results allow us to hypothesize that a crosstalk between IL-6 and Wnt signaling path-
ways represents a novel key system in regulating homeostasis of joint tissues with in-
volvement into pathogenesis of RA and osteoporosis progression. Our understanding of
the precise molecular mechanisms and functional impact of inhibition of Wnt signaling
pathway by IL-6 is crucially important for proper knowing of its role in the RA and osteo-
porosis pathogenesis and progression. Besides that, knowing these mechanisms can
become a basis for development of novel strategies in diagnostics and treatment of this
and other related disorders.
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CONCLUSIONS

IL-6 is an important mediator in inhibition of osteoblast differentiation by the TNFa,
and knockdown of /L-6 expression partially rescues osteogenesis from negative control
of inflammation. The anti-osteoblastic effects of IL-6 are most likely mediated by its
negative interaction with Wnt signaling pathway.
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ShRNA-OMNOCEPEOKOBAHUA HOKOAYH EKCMNPECIT IHTEPNENKIHY-6
3BUIbHAE OCTEONEHE3 MULLAYMNX ME3EHXIMHUX CTOBBYPOBUX KIITUH
BiA BJIOKYBAHHA ®AKTOPOM HEKPO3Y MYXITUH o

X. B. Manuwesa'?, K. de Poit®, K. Jlogik®,
4. /1. Bamen*, P. C.Cmolika', O. I'. KopyuHcbkuii'>*

"ITHcmumym 6ionoeil knimuHu HAH YkpaiHu, syn. [JpacomaHoea, 14/16, Jlbeie 79005, YkpaiHa
e-mail: olexkor@hotmail.com.

2lHcmumym 6ionoaii meapuH HAAH YkpaiHu, syn. B. Cmyca, 38, Jlbeie 9034, YkpaiHa
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‘AkademiyHuli meduyHuli ueHmp/Amcmepdamcbkull yHisepcumem,
8i00in KniHiYHOI iMyHonoeil ma peemamonoaii, AMcmepdam, HidepnaHou

PeemaTtoigHunin aptput (PA) — BaXkke ayToiMyHHe 3anarnbHe 3axXBOPHBAHHSA, sike
3HaYHO YCKMaOHIOE XUTTA MauieHTIB, OCKISIbKM acouinoBaHe 3 PisHMMU NaToNoriYHUMM
CTaHamu Ta couianbHO-eKOHOMIYHMMW BUTpaTamu. ETionoris uboro 3axBoptoBaHHs 3a-
nuwaeTbes Hesigomoto. byno nokasaHo, wWo iHTepnenkiH-6 (IJ1-6), reH sKkoro € MillleHHo
aii iHTepnenkiny 1B (I/1-1B) Ta daktopa Hekpody nyxnuHu o (PHIMa), Bigirpae Baxnmey
pornb y natodisionorii PA. Bioomo, Lo curHanbHi naHuor MopdoreHeTMYHUX BinkiB KicT-
kn (MBK) i Wnt € knto4oBUMU CUrHaNbHUMK LUASIXaMu, sKi BaXKNUBI ANg iHAYKUiT Ta nigTpu-
MaHHs1 (popMyBaHHS XPSILLOBOI | KICTKOBOT TKaHWH. Hamu 3’sscoBaHo, Lo CTUMYNSALIA nep-
BMHHUX cuHoBioumTiB NtogmHu IJ1-6 nogibHo no ®HIMo npr3BoauTb A0 BNOKYBaHHS CUT-
HanbHoro wnsaxy Wnt. Y uii po6oTi 3pobneHo OLiHKy BNMBY HOBOBUSIBNEHOI HaMKN Hera-
TMBHOI B3aemMogil Mk curHansHumu wnsxamu Wnt ta IJ1-6 y kicTkax i xpsiax sk iMmoBip-
HOroO OCHOBHOIO MEXaHi3Mmy, L0 NpM3BOAUTL A0 PYWMHYBaHHS KiCTOK i cyrnobis, 3ymoBne-
HOro BiKOM i 3ananeHHsam. BectaHosneHo, wo shRNA-onocepeakoBaHuin HokgayH ekcrnpe-
Cii I/1-6 3Ha4Ho nigcuntoe nepebir paHHix ctagii hBMP2/7-iHaykoBaHOro ocreoreHesy Kiii-
TuH niHii C2C12 i 3BinbHA€ noro Bif HeratusHoro Bnnvey ®HMMo. BiH Takox nigcunioe
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MiHepani3auito KiCTKOBOroO MaTpuKCy MeE3eHXIMHUMMW KRiTUHaMU-nonepeaHnkamm MuLLi
ninii KS483. OTxe, I1-6 € BaxnmeuM megiatopom BuknukaHoro gieto ®HMo iHribyBaH-
HA andpepeHuitoBaHHA octeobnacTtiB. HokaayH MPHK [/7-6 4yacTkoBO 3BinbHSE ocTeore-
He3 Bif, HeraTMBHOrO BMMBY 3ananeHHsi. AHTMocTeobnacTHi edpektn IJ1-6, MMOBIpHO,
ornocepenkoBaHi NOro HeraTMBHMM BMSIMBOM Ha curHasnbHUn wnax Wnt.

Knrovoei ciioea: peBmaToigHWUA apTpUT, Me3eHXiMHI CTOBOYPOBI KNiTUHM, OCTEO-
reHes, iHTepnenkiH-6, curHansHui wnax Wnt.

ShRNA-OMOCPEOBAHHbIA HOKOAYH 3KCMPECCUN FEHA
WHTEPNEUKWHA-6 OCBOBOXOAET OCTEOIEHE3 OT BJIOKUPOBKMU
®AKTOPOM HEKPO3A OMYXOJNEW o B MbILUMHbIX ME3EHXUMATbHbIX
KNETKAX-MPEOLWIECTBEHHUKAX

X. B. Manbiweea'?, K. de Pouii®, K. Jlosuk®,
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‘Akademuyeckuli meduyuHckul ueHmp/Amecmepdamckuli yHusepcumem,
omaoer KIuHUYecKoU UMMyHonoauu u pegmamosioeauu, Amcmepdam, HudepnaHob!

PesmatongHbivi aptpuT (PA) — Tskenoe ayToMMMyHHOe BocnanutenbHoe 3abonesa-
HWe, KOTOpOEe 3HAYUTENBbHO OCMOXHSIET XM3Hb MALMEHTOB, MOCKOMbKY acCOLMUPOBAHO
C Pas3nMYHbIMM NATONOrMYECKMMMN COCTOSTHUSIMU U COLMarnibHO-3KOHOMMYECKMMU 3aTpara-
MU. OTmornornsi 3aboneBaHnst OCTaeTca HEM3BECTHOW. BbIfo nokasaHo, YTo MHTepren-
knH-6 (WUJ1-6), sBnsaowmnca reHom-mMuyLleHbo doaktopa Hekposa onyxonen o (PHOw)
n nHtepnevikuHa 1p (U1-1p), nrpaet BaxHyto ponb B natodusnonorum PA. 3BecTHO, 4TO
curHanbHble uenu mopdoreHeTndecknx 6enkos koctn (MBK) n Wnt saBnsitotcs Knto4eBbl-
MW CUrHanNbHBIMKU MYTAMU, KOTOPbIE UHAYLMPYIOT Y NOAAEPXKMBAOT (hOPMUPOBAHME XPSsi-
LLIEBOM M KOCTHOM TKaHen. Hamu nokasaHo, YTo CTUMYNAUUSA NEPBUYHBIX CUHOBMOLIMTOB
yenoseka ¢ nomotubio WI1-6 nogobHo PHOw BeaeT Kk BroKMPOBaHMIO CUTHANBHOIO MyTK
Wnt. B aToM uccnenoBaHMM Mbl OLEHUNW BIUSIHUE paHee HEeW3BECTHOIO HeraTMBHOMO
B3aMMOAENCTBMSA Mexay curHanbHbeiMu nyTamu Wnt n AJT-6 B cKeneTHbIX TKaHsaX, B kKave-
CTBE BEPOSITHOrO OCHOBHOIO MEXaHM3Ma, KOTOpbI NPUBOANUT K 0OyCnoBNEHHOMY BO3pa-
CTOM UNW BOCManeHneM paspyLleHuIo KOCTEN 1 cycTaBoB. bbino nokasaHo, yto shRNA
OMNoCpenoBaHHbIA HOKAAYH 3Kcrnpeccun reHa MJ/1-6 3HaunTenbHO yCUnNmMBaeT paHHUe cTa-
v hBMP2/7 — nHgyumMpoBaHHOro ocTteoreHesa KneTok nmHum C2C12 1 ocBoboxxgaeT ero
oT HeratuHoro BnusHUs PHOa, a Takke yCUNMBaAET MMHEpPanM3aLmio KOCTHOrO MaTpuK-
ca Me3eHXMMarbHbIMW KreTkamu-npeaLlecTBeHHnkamm Mol KS483. Takum obpasom,
WN-6 siensetcsa BaxkHbIM MeguatopoM PHOw-onocpesoBaHHOMO MHIMOUpoBaHus audde-
PEHLIMPOBKN 0CTEOBAcTOB U HOKAAyH reHa MJ/]1-6 yacTuiyHO ocBOBOXAAeT OCTEOreHes OT
HeraTMBHOIO BO3AENCTBUSA BocnaneHusi. AHTnocteobnacTHble addekTbl UI1-6, BepoaTHO,
onocpenoBaHbl ero oTpularenbHbIM B3auMOAENCTBUEM C CUrHanbHbIM nytem Wnt.

Knroyeenie croga: peBMaTougHbI apTpuT, Me3eHXMMarbHble CTBOSOBbLIE KIET-
KW, UHTEPNenKnH-6, 0cTeoreHes, curHanbHbii nyTb Wnt.
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