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Reflecting on Some Discoveries of 40 Years and Their

Outcomes

t is a privilege to reflect upon thes imeact of adwvances in basic’

translational research in the feld ower the st 40 years. WMoy
approach has besen o take a single theme and prowvide a
historical accoum of notable advances ower that time and what
impact they might have. The thems of intercellular communi-
cation in bone remained of interest o me throwug howut that tirme:
the main discoweries and how they were made, the major
changes in thinking. and bow they have influenced conocepts of
beone remodeling. When | cames o bone ressarch more than
40 years ago,. and for guite some years after that, essentially no
regulatory  influences were oonsidersd except ciroculating
hormones. Endocrinology sub=seqguently gawe way o paras
crinclogy,. with discoweries of local ewvents prowviding ways to
think abownr bone emodeling. which i= o central o all
approaches to the prevention and treatment of dissasss
invohring bone loss.

Proposing the Remodeling Concept

Any wiew of modern concepts of bBone remodeling began with
Harold Frost in the 195057 based on cortical bone in human
and d4dog rib. he propossed that a process e desoibed acs
“coupling”™ took place, by which resorption by osteodasts at a
particular site was followsd by formati on of an egual amount of
beone formation. He swwrotse much about it ower the next WEars, as
did Michael Parfirt = promoating the concept that remodealing
of bone took place in packets asynchronoushy throwughout the
skeleton. Frost refermaed to those packets as basic multicslular
units [(BMLI=s}, which becams the preferned TeErminaology. The
realization that there was a guiescent interval after resorption
and be=forse the onset of formation led Roland Baron in the early
19 7F0s to consider this interval and call it the “reversal phase" of
remadeling and to suggest that it might b= an important stage
n the remodeling prﬂcqﬁﬁ.""“:' Althowugh thay werse prescient
writings, little attention was paid to the reversal phase ower the
next almost 20 we ars, butitis now the foous of new and deserved
attention.

Cells of Bone Commumnicate With Each Other:
Osteocblastic Cells Regulating Osteocclasts

Cells werse extracted from I-wesk-obkd rodent bone by collage-
nas=e digestion in Bill Pedck’'s laborm@atory in 198G4; cells that were
alkaline phosphatase —po= itive and unde nsrent asrobic metabo-
lis=m of ghucose, but could not be studied h:rrl-g—tem1_""5:' Oy in
the late 1970s could bone cells be studied in culturs for the Airst

time, when they were obtained from the development of rodent
osteosarcomata abkle to make a bone-like ground subs tance and
mineralize it in vivo® from which oceills could be grown with
many properties that might have been expected of osteo-
blasts. = 1m o tantly,. at the same time, Dawid Cohn's growups
preparad oells from newborn roedem bBone by ssguential
erzymatic digestion, yielding culture s enriched in osteoblast s &=
Both osteos=sarocoma and the cabrarial cells were eswguisitehy
parathyroid hormones (PTH-eEsponsive and rapidly became
useful in studying hormone action """ One feature was the
relative responsvenesss in these cells o PFTH peptrtides and to
prostaglandins, their metab-olites, and analogs. These dose-
rEespEEons e pattems weres ewvidert in promoting owclic ARMP
production in werny short-term ascays of only a few minutss '
Wirtually exacthy the samese relative efficacies were obtained in
promoating bone resorption in organ oo hbures— oasualhy $EBE-hour
cuhures ending in inoesased osteoclasts 1=

The latter bone recsorption findings came first from the
laboratories of Larmry Raiss and Armen Tashjian in the 1970s,
when inwestigating mechanisms of incresased bone resorption in
cancer"* " These assay outcomes, together with the findings
of 51 Jones and Alan EIuyu:lE'“'ﬁ:'tl'la.t bone lining cells retracted on
the swrface in respornse to PTH and constituted a barrier to
osteocdasts reasching the bone surface, led to the hypothesis that
recsorbxing hormones acted uopon the osteoblast lineage to
breach this bamier and osteocdasts reac hed mine ralized
matrie! 1377 This concept induded the wiew that ostecoblast
lineage cell= genesrate signals leading o the recomaitment
maturation, and ascthvation of osteoc lasts {15

The same hypothesis came from Tim Chambe s’ "™ based on
different thinking—that osteoclasts were wandering oells=—
and it made sense for them o be programmed by genuine
bone cells osteoblasts. In fact, | guote the late Maurse n Oheren,
who had done beasutiful vworkyears earlier onthe origin of bone
cellE—particulary ostechlasts: “anyons who has looksed at
histologic sections of bone will have been struck by the paudcty
of osteoclasts compared with the number of osteoblasts""""
it =eemead that osteoclasts only came= where and when they
weare neasded., as Chambers argued, arnd it made no sense for
their dewelopment to be omhestrated by any ciroulating
factors.

Thi= hypothesis. that osteoclast biology was cormrolled by
astecblast lineage cells, was influe mtial and it certainly disturb-e=d
a lot of pecople at the time—but it was just a hypothesis, o be
proweaen false if it were so. Howewver, the possibility soon cams to
be considered as one worth studying. and it apidly came to
feature prominenth in abstracts at ASEMR mesting s
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RANK L Bone Remodeling
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DLUGOSC ZYCIA KOMOREK

KOSTNYCH
wg.Monolagas i Parfitt 2010

1.Osteoklast 1-25 dni
2.0Osteoblast 1-200 dni
3.Komarkinoknwaijgce 1-10 |lat
4.0Osteocyty 1-50 lat

5.MSC przyzyCiowo
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UDZIAL TKANKI KOSTNEJ W
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WPLYW INSULINY NA METABOLIZM

KOSTNY wg.Ducy and Karsenty2016
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METABOLICZNE FUNKCJE OSTEOKALCYNY
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Osteokalcyna w adaptac)i na wysilek

fizyczny wg.Karsenty et al 21017
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Mera etal. Cell Metab. 2016

Adapted from Karsenty and Ferron. Nature. 2012
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PRZYDATNOSC KLINICZNA BTM wg.IOF:

 Bone Markers allow the assessment of the rate of bone formation or bone loss. This
allows the identification of patients at high risk for bone fractures.

* Bone Marker tests are less expensive than Bone Mineral Density (BMD) measurements.

* Bone Markers do not replace BMD but are a complementary diagnostic tool as they
provide information about the rate of bone loss and not the patient’s current BMD.

can be defined for Bone Markers:

Therapy Monitoring

Adherence Testing

Risk Assessment



STANOWISKO GRUPY ROBOCZEJ IOF



Stanowisko grupy robocze| IOF

Markery kosciotworzenia:
1. Biatka macierzy kostnej:

Markery resorpciji kostnej:
1. Produkty degradacji kolagenu typu I.
« usieciowane telopeptydy:



/lecenie oznaczen PINP, CTX , 25(0OH)D
metoda automatyczng w 1 probce surowicy




Bisphosphonates: algorithm for long-term treatment
monitoring

*3 yrs for zoledronic acid
5 yrs for other BPs

**In patients taking oral BPs,
consider continuation if: l

age > 75 yrs,

previous hip fracture
current oral GC therapy
2 7.5 mg/d prednisolone




Efektywnosc leczenia ALN lub DSB:

Serum CTX BSAP

Discontinued Treatment Discontinued Treatment

100

—_
o
o

*

(9]
o

n
S

Percent Change (Median [Q1,Q3])

-100
0 12 24 36 48 0 12 24 36 48
Months Months
*P < 0.001 at month 36 and = 0.05 at month 48 vs placebo *P = 0.008 at month 36 vs placebo

—8— Placebo —®— 210 mg Q6M ®- Alendronate



FOUNDATION for NIH
Evaluation and
qualification of BTM In

the past frials.
nfo released in ASBMR,
Denver 2017}
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PROCESY STARZENIA
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Cellular Senescence Regulatory Pathway
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Cang et al. Science 2015, In Press.




Cellular Senescence Regulatory Pathway
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Cang et al. Science 2015, In Press.
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Cellular Senescence Regulatory Pathway
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Cang et al. Science 2015, In Press.




GATA4 Regulation Independent of p53, p16

Tet-GATA4 ] -Dox
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1. pl6 overexpression in healthy

DMSO ATMi ATRi ATMi+ATRi expression nor promote senescence.
IR: + - * - & o

2. Silencing of p53 or p21 did not
significantly decrease GATA4 levels
in senescent cells.

P21 | g - 3. Chemical inhibition of ATM and

GAPDH m ATR decreased GATA4 levels.

Kang et al. Science 2015, In Press.
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PROCESY STARZENIA

wg.Rodier,Campisi 201 |
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DYNAMIKA PROCESOW STARZENIA

wg Campisi et al. 2017
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Senescence lexity of senescent pheno yP
stimulus ,‘,1cr’eé?5"”9 comp .
‘ time .
mniﬁate SASP express SASP express SASP | tune down SASP
IL-1a mir-146a/b
IL-6, IL-8
NF-kB MMPs
C/EBPS etc
growth
arrest
tumor, tissue immune
suppression repair clearance
tumor., .
progression aging
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PATOLOGIACH
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wg.J.Campisi 2017
1 .Miazdzyca
2.Schorzenia ukladu krgzenia
3.Przerzuty nowotworowe
4.Chemioterapia
5 Kardiotoksycznosc
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11042) Causal Role of Senescent Cells in Mediating Age-Related Bone Loss

Joshua Far Mayo Clinic,

September 9 09:45 AN - 10:00 AN

Mile High Ballom/Colorado Convention Center
Session:Plenary Orals: Translational Plenary |

e
ASBMR\ 2017 Annual Meeting

September8-11, 2017
(olorado Convention Center
Denver, Colorado, USA
ashme2017.org
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# 1042: Causal Role of Senescent Cells in AS‘EIFVihQUﬂ Annual Meeting
Medlatlng Age-Related Bone Loss 4ASBMR2017

Most Outstanding

Authors: Joshua Farr, James Kirkland, SundeepKhosla; Mayo Clinic .
P y Translational Abstract

Accumulation of DNA damage and stressors cause induces cell senescence, with increased cell cycle inhibitor,
p16inkdaand production of SASP, with deleterious paracrine and systemic effects.

Question: Whatis the role of senescent cells in age-related boneloss?

+ Jstrategies: 1) reducing senescentcell numberin mice using the inducible INK-ATTAC "suicide"transgene
2) clearingsenescentcells by "senolytic” compounds; or 3) inhibiting SASP productionwith a JAK

inhibitor (JAKI).
*  Inold (20-22 month) mice with bone loss, 2-4 month treatmentwith each of these interventionsimproved
bone mass and strength by suppressingbone resorptionwith either maintaining (trabecular bone) or
increasing(cortical bone) bone formation.

* Invitro,senescent cell CMimpaired OB mineralizationand enhanced OC progenitorsurvival, leading
to increased OCgenesis, abrogatedby pre-treatment with JAKI.

+ Specificity to aging was shown by absence of skeletal effects in young (7-12 month-old) mice.
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Farr, Xu, Weivodaet al. Nat Med. 2017.



Microfinte eloment analysis (FEA) detived failure load
2., bone stre

&) b0+ &
K 4 Bl 2 B 2
3 g 3
J 4 S 404 S«
i 3 kS ’
5 33044 §Il pecliS
s8 « 204 o X4
g g 10- £ 10,
< - ¥
- 0 - g - g

O] INKATTAC o Veiscle  [T] CS78L8 + Vehicle  [T] C57BLS + Vehucle
B NKCATTAC « AP20187 I CSTBLE « D+Q [ CSTBLA + JAK)




ASBMRNUT AnnalMegfing

September 8-11, 2017
(olorado Convention Center
Denver, Colorado, USA
ashme2017.rg

[1027] The Senolytic ABT263 Eliminates Senescent Osteoprogentors in Old Mice

Ha-Neui Kim, University of Arkansas for Medical Sciences and Central Arkansas Veterans

Healthcare System,
oeptember 8, 02:13 PN - 02:30 P
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# 1027:The Senolytic ABT263 Eliminates Senescent Osteoprogenitors in Old
Mice

Authors: Ha-Neui Kim; Maria Almeida

- GATA4 in osteoprogenitors of old mice contributes to cell
senescence and expression of the SASP. Removal of senescent cells with
senolytic agents decreased RANKL and improved OBgenesis, possibly
representing a novel therapeutic approach to osteoporosis.

Kim et al. Aging Cell, 2017

Conclusion: Senescentcells play a causal role in bone loss with aging. Eliminating senescentcells
and/or inhibiting SASP also improves CV function, insulin sensitivity, and reduces frailty. Thus, this approach
reveals a novel treatment strategy for osteoporosis and simultaneously treatmultiple age-related co-

morbidities.
Farr, Xu, Weivoda et al. Nat Med, 2017




Suppression of Autophagy in Osteocytes Mimics Skeletal
Aging™

Received for publication, December 11, 2012, and in revised form, March 25, 2013 Published, JBC Papers in Press, May 3, 2013, DOI10.1074/jbcM1 12444190

Melda Onal , Marilina Piemontese™, Jinhu Xiong ", Yiying Wang™, Li Han™, Shiqiao Ye™*, Masaaki Komatsu'
Martin Selig', Robert S, Weinstein™, Haibo Zhao *, Robert L. ilka ™, Maria Almeida , Stavros C. Manolagas
and Charles A, O'Brien”

From the *Center for Osteaporosis and Metabolic Bone Diseases, University of Arkansas for Medical Sciences and the *Central
Arkansas Veterans Healthcare System, Little Rock, Arkansas 72205 the *Protein Metabolism Project, Tokyo Metropolitan Insttute of
Medical Scence, Tokyo 156-8506, Japan, and the 'Pathology Service, Electron Microscopy Unit Massachusetts General Hospita
and Harvard Medical School, Boston, Massachusetts 02114

B fautopt |

ackground: The role of autophagy in osteocytes is unclear.
Results: Suppression of autophagy in osteocytes caused decreases in bone mass and bone remodeling similar to those caused by
aging
Conclusion: Autophagy in osteocytes maintains the rate of remodeling and bone mass.
Significance: A decline in autophagy in osteocytes may contribute to skeletal aging,

-~




Osteocyte Autophagy Maintains Bone Mass
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Conclusion: Senescent cells play a causal role in bone loss with aging. Eliminating senescent cells and/or inhibiting SASP
also improves CV function, insulin sensitivity, and reduces frailty. Thus, this approach reveals a novel treatment strategy
for osteoporosis and simultaneously treat multiple age-related co-morbidities.

Farr, Xu, Weivoda et al. Nat Med, 2017
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Conclusion: Sen&vsant cells play a causal role inberfe loss with aging. Eliminating senescent cells and/or inhibiting SASP
also improves CV function, ISt wity, and reduces frailty. Thus, this approach reveals a novel treatment strategy
for osteoporosis and simultaneously treat multiple age-related co-morbidities.

Farr, Xu, Weivoda et al. Nat Med, 2017
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Conclusion: Senescent cells play a causal role in bone loss with aging. Eliminating senescent cells and/or inhibiting SASP
also improves CV function, insulin sensitivity, and reduces frailty. Thus, this approach reveals a novel treatment strategy
for osteoporosis and simultaneously treat multiple age-related co-morbidities.

Enrr X11 Weaivads ot nl Nat Med 2017
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