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BMD is most often described as a T-score or Z-score,
both of which are units of standard deviation (SD). The
Z-score describes the number of SDs by which the BMD
in an individual differs from the mean value expected for
age and sex. The T-score describes the number of SDs by
which the BMD in an individual differs from the mean value
expected in young healthy individuals.

The operational definition of osteoporosis is based on
the T-score for BMD assessed at the femoral neck and is
defined as a value for BMD 2.5 SD or more below the young
female adult mean (T-score less than or equal to —2.5 SD).

The recommended reference range for calculating the
T-score is the NHANES III reference database for femoral
neck measurements in women aged 20-29 years. Note that
the diagnostic criteria for men use the same female reference
range as that for women. This arises fortuitously because
for any age and BMD at the femoral neck, the risk of hip
fracture or a major osteoporotic fracture is about the same
in men and women. However, the T-score cannot be used
interchangeably with different techniques and at different
sites, since the prevalence of osteoporosis and proportion
of individuals allocated to any diagnostic category would
vary, as does the risk of fracture.

Because a variety of non-skeletal factors contributes to
fracture risk, the diagnosis of osteoporosis by the use of BMD
measurements is at the same time an assessment of a risk
factor for the clinical outcome of fracture. For these reasons
there is a distinction to be made between the use of BMD
for diagnosis and for risk assessment. Since BMD forms
but one component of fracture risk, accurate assessment of
fracture risk should take into account other readily measured
indices of fracture risk that add information to that provided
by BMD.

A large number of additional risk factors for fracture
have been identified. For the purposes of risk assessment,
interest lies in those factors that contribute significantly to
fracture risk over and above that provided by bone mineral
density measurements or age. A caveat is that some risk
factors are not amenable to particular treatments, so that
the relationship between absolute probability of fracture

[ToBpexneHne KIeTOK M TKaHEH — onxHa H3
«BU3UTHBIX KapTOYEK» M BEAYLIUX (PaKTOPOB CTa-
pPeHMS M BO3pacT-aCCOLMUPOBAHHBIX 3a0oJieBa-
Hu# [4]. [Ayis NpOTUBOCTOSHUS ATOMY (PYHKIIHO-
HaJbHOMY CIIaJy CYLIECTBYIOT PAa3JINYHbIE CHUCTE-
MBI penapanuy Ha MOJEKYJISIPHOM, KIETOYHOM U
TKaHEeBOM YpoBHsX. OIHON M3 CHUCTEM TKaHEBOI'O YPOBHS
SBJISIETCSL CBOMCTBO 3PENbIX CTBOJIOBBIX KIETOK K CaMO00-
HOBJICHHIO ¥ TU((HEpeHITPOBKE, YTO HEOOXOIUMO JUIS TO-
MeocTas3a U pereHepalyy opraHoB 1 Tkanei [6]. Onnako He

and reversible risk is important. Liability to falls is an
appropriate example where the risk of fracture is high,
but treatment with agents affecting bone metabolism may
(arguably) have little effect on risk.

The FRAX algorithms, developed by the WHO
Collaborating Centre for Metabolic Bone Diseases at
Sheffield, integrate the weight of clinical risk factors for
fracture risk, with or without information on BMD, and
have been developed by the WHO Collaborating Centre for
Metabolic Bone Diseases at Sheffield, UK. The risk factors
comprise age, sex, low body mass index, previous fragility
fracture, parental history of hip fracture, glucocorticoid
treatment, current smoking, alcohol intake 3 or more units
daily, rheumatoid arthritis and other secondary causes of
osteoporosis. The output of FRAX is the 10-year probability
of a major osteoporotic fracture and hip fracture.

The use of clinical risk factors in conjunction with
BMD and age improves sensitivity of fracture prediction
without adverse effects on specificity. The performance
of FRAX is enhanced by the use of BMD tests, but FRAX
without BMD has a predictive value for fractures that is
comparable to the use of BMD alone. The availability and
access to densitometry in many countries is low, so that a
major advantage of FRAX is the ability to assess fracture
risk where BMD is unavailable.

Fracture probability varies markedly in different regions
of the world. Thus, the FRAX models need to be calibrated
to those countries where the epidemiology of fracture and
death is known. Models are currently available for 58
countries across the world, including Russia.

The question arises how to use FRAX to determine
who should be targeted for treatment (i.e. to determine an
intervention threshold). The most common approach is
to recommend treatment in women with a prior fragility
fracture and to reserve the use of FRAX to those without
a prior fracture. If a prior fracture is an indication for
treatment, then women (without fracture) but a fracture
probability that is equivalent or higher also merit treatment.
Such age-specific thresholds have been now adopted in more
than 20 countries.
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TOJIBKO (i)yHKLII/IOHaIlI)HOCTI) CTBOJIOBBIX KJIETOK CHUXKACTCA
C BO3pacTOM, HO U CHCTEMHOE OKPY)KEHHE B OPTaHU3ME TI0-
JKUJIBIX HETaTHBHO BO3JCHCTBYET Ha HUX: IMOO 3a CYET LUp-
KyJIUPYIOIUX (HaKTOpOB, MONABISIOMNX (HYHKIHH CTBOJIO-
BBIX KJICTOK, JIMOO B CBS3H C OTCYTCTBHEM (DaKTOPOB, HEOO-
XOAMMBIX JIUIsL UX nofaepxku [5]. OnHa u3 TkaHeil 3aMeTHO
MoABEpIKeHHAs HU3KOMY IH(depeHIHPOBOYHOMY pe3epBy
CTBOJIOBBIX KJIETOK — KOCTHAsl TKaHb, YTO BEIET K 3aMeji-
JICHUIO BOCCTAHOBIICHHS HITH HU3KOTPABMATHYHBIM MEPEIIO-
mam [7].
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B 9TOM 10KIIa7€ MBI COOOIIACM O LUPKYIUPYIONIMX MH-
KPOBE3HKYJIaxX, BIMAIOUIMX Ha pe3epB OCTeOreHHou audde-
PEHIMPOBKH ME3EHXUMAJBHBIX CTBOJOBBIX KIETOK B 3aBH-
CHMOCTH OT BO3pacTa JoHopa. Bo Bpems mouncka ¢aktopos,
PETYIHUPYIOIINX UHTHOUPYIOIIUI 3PPEKT MUKPOBE3UKYJ Ha
ocTeorenes, Mbl onpeaeni Heckonbko MUPHK u 6enxos,
SIBJISTIOIINXCS KITIOYEBBIMU KOMITOHEHTaMu. Jlanee MbI mpo-
JIEMOHCTPHPOBAIIH, YTO 3TH (HaKTOPHI MPHUCYTCTBYIOT B II0-
BBIIIEHHOM KOJIMYECTBE B IIa3Me Y TIOXKIJIBIX U Y TAUEHTOB
C OCTOHOPOTHYECKHMH IepeioMaMH. B kadecTBe MOTEHIHU-
QIBHOTO MICTOYHUKA MX CEKPEINH MBI OIPEACIIIIN CTapero-
IIHE YHOTSIIHAIBHBIC KJICTKH, KOJIMYECTBO KOTOPBIX, KaK N3~
BECTHO, YBEJIMYMBACTCS MTPU cTapeHuH in vivo [1]. Hamm uc-
CJICIOBAHMS TIOKA3bIBAIOT, YTO CTAPEIOIINE SHI0TEIHATbHBIC
KJIETKH CEKPETUPYIOT MOBbIIIeHHOE KommuecTBo MUPHK-31
BHYTPH BHEKJICTOYHBIX BE3MKYJ, KOTOPBIE 3aXBaThIBAIOTCS
ME3CHXUMAaJIbHBIMH CTBOJIOBBIMH KJIETKAMU M, B CBOIO OYe-
pelib, TOIABISIOT 0cTeoreHHyo audpdepeHnuposky [9]. Ce-
Kpenus npomMoTopa ocreoreHesa Galectin-3 cHiKeHa B Be3u-
KyJIax CTaperoLINX YHI0TENUAIbHBIX KJICTOK, 4TO COrIacyer-
Csl C TaHHBIMU, ONIMCAHHBIMU BhIIIE [§].

OTH IaHHbIE B COUYETAHUH C PACTYLIHM KOJIHMYESCTBOM HH-
¢dhopmauuu o Tom, yro MUPHK nelicTBuTEIBHO BIMAIOT Ha
KITFOUEBBIC PETYJISATOPhl (YHKIUI 0CTEO00IACTOB U OCTEO-
KJacToB [2,3], SBUJIKMCH JJIsl HAC CTHMYJIOM OoJiee MIHUPO-
KO pacCMOTPEThb pa3iuyus B upKyaupyromux MuPHK y ma-
HUCHTOB C HEJAaBHUMHU OCTCOIIOPOTHYCCKHUMHU MEPECIOMaMU
[10], u y manueHToB ¢ OONBIIMMH OCTEONOPOTHICCKIUMH TIe-
peromamu. B 3TuX rpymnmax Mbl ONPEACTIN OTINYUsS B 4
MuPHK c Gosee nocToBepHO# mpenckazaTelbHONH BO3MOXK-
HOCTBIO, UeM 30JI0TOH cTanaapt, n3mepenue MIIK mo DXA.
(Heilmeier et al. in revision). J[jist TOro 4To0BI ONPEIEIUTH,
urpatot 11 3tu MUPHK posib B kocTHOI 61os0ruu, Mbl Ipo-
TECTUPOBAJIM MX HA MPEAMET U3MECHEHUS OCTEOreHHOU Aud-
(hepeHIMPOBKH, 1 HEKOTOPHIE U3 HUX IPOAEMOHCTPHPOBAIH
BIIUSTHUE Ha 3TOT HPOIIecC.

HpOBOZ[l/IM])IC HaMHM [0 HACTOAIICrO BPEMCEHH DOKCIICPHU-
MEHTBI TIO3BOJISIIOT TPEAINOIOKHUTE, YTO LUPKYIHPYIOLIINE
MUPHK B CBIBOPOTKE y MOXKMIIBIX TAMEHTOB MOTYT HIPaTh
poIb B IATOreHe3e BO3PACT-ACCOLMHUPOBAHOM HAPYIICHUH
¢dopmupoBanus koctu. OHM TakKe MOTYT ObITh IIEHHBIMH
OroMapKepaMu JUIs CTApeHUS U TSI CHCTEMHOTO OKPYKEHHS,
JUTSL KOTOPOTO TIPUMEHEHHE KIETOYHBIX TEXHOJIOTHH OrpaHu-
YEHO, & OCTEOTCHE3 SIBJIICTCS TUMUTHPYIOIIIM (haKkTOpoM.

From replicative senescence to microRNA based
diagnostics of age-associated diseases.

Damage to cells and tissues is one of the hallmarks and
driving forces of aging and age-related diseases [4]. To
counteract this functional decline, various repair systems
are in place at the molecular, cellular as well as tissue level.
One of these systems at the tissue level, is the characteristics
of adult stem cells to self-renew and to differentiate,
which is an essential functionality for homeostasis and
regeneration of tissues and organs (6). However, not only
the functionality of stem cells declines with age, but also
the systemic environment of the elderly negatively impacts
on them, either by circulating factors that inhibit stem cell
functions, or by the absence of factors needed to support it
(5). One tissue notably affected by the reduced differentiation
capacity of stem cells with age is the bone, leading to slow
bone healing or low trauma bone fractures [7].

Here, we report that circulating microvesicles impact
on the osteogenic differentiation capacity of mesenchymal
stem cells in a donor-age dependent way. While searching
for factors mediating the inhibitory effect of microvesicles
on osteogenesis, we identified several miRNAs and proteins
as crucial components. Furthermore, we demonstrate that
these factors are present at elevated levels in the plasma of

elderly, and of osteoporotic fracture patients. As a potential
source of its secretion, senescent endothelial cells, known
to increase during aging in vivo [1], were identified. We
demonstrate that senescent endothelial cells secrete elevated
levels of miR-31 within extracellular vesicles which are
taken up by mesenchymal stem cells where they inhibits
osteogenic differentiation [9]. In synergy with this, the
secretion of osteogenic promoting Galectin-3 is diminished
in senescent endothelial cell vesicles [8].

These results together with the increasing knowledge,
that miRNAs do impact on key regulators of osteoblast and
osteoclast biology [2,3] prompted us to look more broadly
at miRNAs differentially circulating in recent osteoporotic
fracture patients [10], as well as in prevalent osteoporotic
fractures, where, indeed, we identified a signature of 4
miRNAs with predictive power superior to the gold standard
of DXA measurements (Heilmeier et al. in revision). In order
to test, if these miRNAs also play a role in bone biology, we
tested them for modulation of osteogenic differentiation,
which several of these did indeed influence.

Our experiments performed since, allow us to suggest
that circulating miRNAs in the serum of elderly might
indeed play arole in the pathogenesis of age related impaired
bone formation. They may also be a valuable plasma-based
biomarker for aging and for a systemic environment that
does not favour cell based therapies, whenever osteogenesis
is a limiting factor.
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K KIMHUYECKOMY TPUMEHEHMHWIO

C momenra orkpbitust MukpoPHK (MuPHK) B
KJIETKaX MJICKOMUTAIONMX [ 1] oHM cTamm n3ydarsb-
Csl HE TOJIbKO B Ka4€CTBE PETYJIATOPOB 3KCIPECCUU
0€NKOB, HO U KaK NEePCHEKTHUBHBIC PAaHHUE OHoMap-
Kepbl 3a00J1€BaHMIi U TOTEHIIMAIbHBIC MUILICHU JUIS
pa3pabotku jekapcTBeHHbIX cpenctB. MuPHK se-
NS0TCsE KOpOTKUMH (18—22 HyKIJICOTHIIOB) HEKOAMPYFOIIH-
mu PHK, KoTopble TpaHCKpUOUPYIOTCS U3 COOCTBEHHBIX Ie-
HOB, JIM0O U3 KOAMPYIOIIUX I'€HOB MJIM MHTPOHOB. TpaHc-
kpunuust MuPHK naunHaercst ¢ oOpa3oBaHus JJIMHHON MO-
nekynbl nepeunyHoir MUKpoPHK (pri-muPHK), u3 kortopoit
nocpenctBoM ¢epmentoB Drosha u DGRS B siape o6pasy-
eTcs IIMWIeYHAask CTPYKTypa — npeaniecTBeHHuK MukpoPHK
(pre-muPHK). Tlocne tpancmopra B 1uto3ons npe-MuPHK
paspesaercs epmentom Dicerl, ¢ oOpa3zoBaHHeM OjHOILIE-
noueyHslx 3penbix MukpoPHK. Hanboree xopomo usyueH-
HBIM MexaHu3MoM geiictus 3penoit MuPHK spnsercs PHK-
untepdepeniust (RNAi): MuPHK cBsi3biBaetcst ¢ 3’ HeTpaHc-
nupyemoit obnacteio marpuunoir PHK(MPHK), mnopamsist
TPAHCIISIMIO W/WIT CHUKAs €€ CTaOMIIbHOCTG [2]. MexaHusm
PHK-uHTepdepeHIMH TaKkxKe MOXKET OCYIECTBIATECS My TEM
ces3pBaansg MUPHK ¢ xommpytomum permonom MPHK [3].
BzaumopeiicteBue MuPHK ¢ nx mumensmu ocymiectsisieT-
Csl ITyTEM CBSI3bIBAHUS IOCIIEIOBATEILHOCTEH U3 6-8 HyKIe-
otusioB U accouuanuu ¢ PHK-unnynupyemsim caitieHcHHr-
rxomruiekcoM (RISC), kotopsiii Bkitouaet Genok Argonaut 2.
Takxe, nomumo PHK-unTepdepenimu, Obli OTKPBITHI APY-
rue ¢ynkinun MUPHK B kiietkax miexonuratonmx. Hampu-
Mep, ces3biBaHue MUPHK ¢ 3’ HeTpaHcaupyemoil 061acTbio
MPHK moxer yBenmuuuBath TpaHcisinuio Ocnka [4]. Tarxke
CYLIECTBYIOT JaHHBIE 0 ToM, uro MUPHK moryT mponukats
B s71po U myTeM B3anmoneiicteus ¢ JJHK perynuposars skc-
TIPECCHIO I'eHOoB [5, 6].

MuPHK MoryT ucrosnb30Bathest Kak paHHHE OHMOMapKephl
pa3nMYHBIX 3a00JIeBaHMi, TaK KaK OHM CTAOWJIBHBI M yCTOM-
YMBBI [IPU 3a/IeprKKax o0paboTku marepuana [7, 8]. MuPHK
MPHCYTCTBYIOT B CBIBOPOTKE/IIA3Me, BHYTPH K30COM H/HITH
CBsI3aHbI ¢ OenkaMu cemelicTBa Argonaut. Mbl BCTYIHIIN B 3py
mupokoro ananu3a skcnpeccun MuPHK, uto mo3Bossier onpe-
JeTATh MapKepbl 3a00s1eBanuii. CylecTBYIOT pa3Inyiusl B OIy-
OJIMKOBAaHHBIX PE3yIbTaTax 1o Npouisim skcrpeccur MUPHK
TP PA3IMYHBIX COCTOSIHUSX, YTO O0YCIIOBICHO Pa3IHIMsIMU B
noarotoBke Marepuaia, PHK uzomsiimu u onenxke sxenpeccun
MuPHK. B Hacrosiiee BpeMs B KITMHUYECKOM HCTIONB30BAaHUMI
cymectByeT oHa nanens 64 MuPHK juis uneHTudukanim me-
TacTa30B HEM3BECTHOU TIPUPOIHI [9].

Pasnmuynas skcnpeccust MuPHK Obia mokazana Jyist MHO-
rux 3aboneBanuii. MuUPHK wacto mMeror OuoiOrMuecKyro
¢yHKUMIO B (peHOTHIAX 3aboneBaHms. [losromy, MuPHK —
1enu Juis pa3paboTKH JieKapcTBeHHbIX cpeacTB: MUPHK mu-
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MeTHKoB, aHTH-MHPHK (uarnduropos) mmm miR sponge (uH-
ruoutopsl) [10]. IToka B KIMHUYECKOH MPAKTHKE CYIIECTBY-
et oxuH npenapar aHTuMUPHK, nHruOupyromimii akTHBHOCTh
MuPHK-122 B mneuenu y mamuenroB c¢ remarutom C [11].
MunPHK-122 skcnpeccupyercst TONBKO B MEYCHH M HEOOXO-
JMa TS peruiiKanyy Bupyca renaruta C. [TanmenTsl, momy-
yapmue jedenre aHTu-MmuPHK-122, umeror croiikoe CHMKe-
HHE BUPYCHOW Harpy3Ku.

HccnenoBanus B Hael 1abopaTtopuu OKyCHPYIOTCS Ha
muPHK B mpencrarensroil xenese. Mbl onpenennim moaa-
pistromue omyxonu MUPHK, perynupyemsie Butamunom D, B
SMUTENUATBHBIX KJIETKaX MPOCTATHI U B SMUTEINH MPOCTATHI,
TIOJyYEHHOM TTyTEM JIa3epHOH MUKPOIUCCEKINH, Y TallHeH-
TOB U3 KIIMHIUYECKOTO uccaenoBanust Butamuna D [12]. Taxoke
™Mbl onpeaenun nanens MUPHK B ceiBopoTke y marmmeHToB ¢
pPaKoM MPOCTAThI, KOTOpasi MPOTHO3UPYET OTCYTCTBUE arpec-
cuBHOCTH 3a0oneBanus [13].

B 3axmouenue cnemyer oTMeTUTb, 9TO B m3ydeHun MuPHK
MIPOMCXOIUT UHTEPECHBIA TIEpHO: Oo0NacTH 3HAHMK (yHIa-
MEHTAJIbHOM OHOOTUH M KITHHIYECKOTO MPUMEHEHHUST OBICTPO
pacimpsitoTesi. BeposiTHO, MPOBOAUMEBIE B HACTOSIIIEE BpEeMs
WCCITEIOBAaHMS TOJIBKO HAYMHAIOT OTKPBIBATh UCTHHHBIE OHO-
norndeckue GyHkimn MukpoPHK.

MicroRNAs: from biology to clinical implementation.

Since their discovery in mammalian cells [1], microRNAs
(miRs) have emerged not only as regulators of protein
expression, but also as attractive biomarkers for disease and
potential therapeutic targets. miRs are short (18-22 bp) non-
coding RNAs that are transcribed by their own genes or can
exist within coding genes or introns. miRs are transcribed as
a long pri-microRNA (pri-mir) that is processed into a pre-
microRNA (pre-mir) hairpin structure by Drosha and DGR8
within the nucleus. After export to the cytosol, the pre-mir
is further processed into single stranded mature miRs by
Dicerl. The most well-understood mechanism for the mature
miR function is that of RNA-interference (RNAi), in which
the miRs bind to the 3’UTR of mRNAs to suppress protein
translation and/or reduce the mRNA stability [2]. This RNAi
mechanism can also occur from miR binding within the
coding region of the mRNA [3]. miR interaction with their
targets is via imperfect binding of a 6-8 bp seed sequence
and association with the RNA-induced Silencing Complex
(RISC) which includes Argonaut 2. In addition to RNAI, other
functions of miRs in mammalian cells have been discovered.
For example, binding of miRs to the 3’UTR of an mRNA can
increase protein translation [4]. There is also evidence that
miRs can enter the nucleus and interact with DNA to regulate
gene expression [5, 6].

miRs are attractive biomarkers of disease because they
are stable and resistant delays in sample processing [7, 8].

7





