


Nnea SENS

« MeTabonMam NOCTOAHHO NMPUYNHAET
noBpeXaeHus

 [loBpexaeHna co BpeMeHeM Bbi3bIiBatoT
NaTonoruto

 [1laTonorusa BeI3biBaeT ApyrMe natornoruu
* BoamMmoXkHa cumynaumsa npouecca

e «Partial reversal can be as effective as complete
reversal; partial retardation can’t»



Nnea SENS
. |Bomesu | Crapewsie

NHJbeKUNOHHbIE BpoxaeHHble BospacTHble
Tybepkyrnes bonesHb Tes Anburenmep HemoLuHoCTb
Mansapus MELAS OHkonorug CapkorneHus
BAY [emodunus ApTtepocknepo3 | CtapeHue

WMMYHHOW CUCTEMBbI
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Nnea SENS

Bo3amMoXXHOCTM ANd BMeLLaTenbCTBa B NPOLECC CTapeHVy

Gerontology Maintenance Geriatrics

Metabolism —> Damage —> Pathology

NH)XXeHepHbIN Noaxo No3BOMNSAET JOCTAaTOMHO ObICTPO AOCTUTHYTH 60MNbLLOMO
yBEeNMYEeHUs NPOAOIIKUTENBHOCTU XU3HN



Seven
Deadly
Things

Nnea SENS

This Is the damage

Cell loss, cell atrophy - 1955
Division-obsessed cells (cancer) 1959/ 1952
Death-resistant cells - 1965
Mitochondrial mutations - /972
Intracellular junk - 71959

Extracellular junk - /1907

Extracellular crosslinks - 1981

No new type of damage confirmed since 1982!



Metabolism—> Damage—> Pathology:
The seven deadly things

Respiration
(oxidation)
Carbohydrate
metabolism
(glycation)
Cell turnover
(mutations,

telomere

shortening,

dysregulation,

stem cell
depletion)

Etc, etc, etc

Cell loss/atrophy
Death-resistant cells
Nuclear [epi]mutations
Mitochondrial mutations
Lysosomal junk
Extracellular junk

Protein crosslinks

Er.... that’s it!

Neurodegeneration
Atherosclerosis
Cancer

Diabetes

Hormone decline
Blindness

Immune decline

Etc, etc, etc




CKopocCTb yberaHms ot
cTapeHusa (LEV)

The rate at which rejuvenation
therapies must improve (following
the achievement of RHR) in order
to outpace the accumulation of
so-far-irreparable damage



3amMerieHmne CTapeHUst: CKPOMHbIE
pes3ynberarhl

Age

B 2 paza MeHbWwe noepexaodeHul co
cpedHuUx jiem
- yABanBaeT OCTalOLMNCS CPOK XKNIHU

At 1ttt A~lviiivis TINY mAAFEA 114 YNO/



[ToOYMHKA Ha CTOMNbKO Xe: HAMHOIo

Age
UcnpaesieHue rnosio8uHbI NospexoeHuu

CO cpedHe20 so3pacma
- yaBanBaeTt obwyro 1K
- yBenuymneaeTt ocTtarowyroca ['N>K 5-kpaTtHo



[TOCTOAHHO yny4JllaeMbin

o PEMOHT ____________
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Age

UcnpaerneHue 1/2 noepe)xoeHuUU, mTomom
3/4
- not as good as doing 3/4 first time...
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beckoHe4HO nyylle

UcnpaesieHue nosioeuUHbl, Tomom 3/4, nomom 7/8...
- OOroHseT HencnpaBMMble cenyac
noBpexXaeHus...

_ AAoCArmauUDAAT UanrFRnaummuauunwvwtn TN



[1poeKT SENS

 Strategies for Engineered Negligible Senescence
(MH>XeHepHble cTpaTernm npeHedbpexnmoro
cCTapeHunqa)

* /AlccnepoBaTtenbcknm oHa SENS (SRF):
- SRF Research Center
- Rejuvenation Biotechnology Conference
- SRF Education

e ®oHa «Mbilwb Madycanna»

canTt dooHaa sens.org



[1poeKT SENS

[MoBpexaeHue PeweHue (rmaBa KHUTN) [MoonpoekT

1. lNoTeps n atpodus CTBONOBbLIE KNETKN, pakTopbl pocTa, | RepleniSENS

KNEeToK ynpa)xHeHua (rn.11)

2. BHekneTouHbI Mycop | CTUMYNAUMS UMMYHHOW cnuctemMbl onsa | AmyloSENS
doarouyuTosa (rn.s)

3. BHEKNeTo4YHbIE AreHTbl, paspyLiaroLline CLUMBKN GlycoSENS

CLLUMBKMU (dbepmeHTbI 1 Ap.) (rn.9)

4. beccMepTHbIE KNeTKn | [eHbl anonTosa, CTUMYnSaumg ApoptoSENS
MMMYHHOW cucTtemsl (rn.10)

5. MyTtauum AnnoTonnyeckas aKcrnpeccud MitoSENS

mutToxoHapuanbHon OHK | MuToxoHapuanbHbIX 6enkos (rn.5 u 6)

6. BHYTPUKNETOYHbLIN TpaHcreHHble MUKPOBOHbIE EPMEHTBI | LysoSENS

Mycop (rn.7)

7. KaHueporeHHble (ann) | deneuuns reHa Tenomepasbl/ALT v OncoSENS

MyTauuu B aape

BBeOEHMNE CTBOJOBLIX KNETOK (rn.12)




RepleniSENS

 [lepenporpammmnpoBaHmne comaTUYeCKnNX
KINMEeTOoK (in vitro)

* TepaneBTUYECKOE KITOHUPOBaAHNE
* bopbba ¢ nHBonUMen TMmyca

* Wake Forest University Institute for
Regenerative Medicine



AmyloSENS

* AKTUBHbIE U NacCcUBHblEe BaKUWUHbI. AKTUBHbIE —
npencraBunUTb YHactmuy ammiionga MUMMyHHbIM
KIneéTKaM, nacCnMBHbIE — CO30aTb aHTUTEJ1A BHE
yenoBeKa U BBECTU UX UHBEKLMEN

o Katanutnyeckune aHTuTena

* [1poBoauTca B University of Texas-Houston Medical
School 1 B Brigham and Women's Hospital B
[ apBapackoM YHUBEPCUTETE



GlycoSENS

* PaspyLueHne monekyn rnoko3enaHa,
CLUMBAlOLLMX BOJIOKHA KonnareHa
[lonck nogxoadaLwero aH3nma
OaHopa3oBble NpoTeasbl
AGE-breaking (ALT-711)
KoamBpumxckuin n lennbCckuim yHMBepcuTeTh



ApoptoSENS

CD8 T-KNeTKn (KUNnepbl), y>Ke He HYXHble, HO He
camMoycCTpaHsarLmnecs

YcTpaHeHune BMcLepanbHOro xupa
CeHOoMnMNTUKK

2 rmaBHbIX Noaxoaa: 1) npenapaT, TOKCUYHbIN Ons
CEHECLEHTHbIX KNETOK NI NPOBOLIMPYIOLLINNA Y
HUX anonTo3, 2) CTUMYIIMPOBATb UMMYHHYO
CUCTEMY HAaXoOMTb U YHUYTOXKaTb UX

iccnegoBaHua B yHUBepcutetTe Apu3oHbl U B
Buck Institute for Research on Aging



MIitoSENS

* [lepeHoc 13 MUTOXOHAPUANbHbIX FEHOB B
A0p0

Ho: KNeTOK C MyTaHTHbIMU
MUTOXOHOPUAMU BCEro 1%

* |Institut de la Vision npu yHUBEpPCUTETE UM.
[lbepa n Mapuu Kropu (UPMC), INapumx



LysoSENS

* Pa3pyLueHne B nMaocomax nmnogycumnHa (B
OONTOXMBYLLIMX KNETKax), 7-
KeToxonecrtepona (B Mmakpodarax)

» TpaHcreHHble MUKPOBHbIE rMapornasbi,
HangeHHblIEe B bakTepusix, pasnaratoLmx
MepTBble OpraHU3mMbl

* lccnegooBaHus - B Rice University



BHyTpMKneTo'-lem Mycop B apTepun
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7-ketocholesterol degradation - a good start

7KC over time in enrichment cultures
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7-KC degradation - presented at meetings
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Medical bioremediation

The use of environmental biotechnology to fight atherosclerosis (no kidding!)
John Schloendorn, Mark Hamalainen, Lijing Jiang, Kent Kemmish, Justin Rebo and Bruce Rittmann

STATE UNIVERSITY

Abstract

Medical bioremediation is the proposal to utilize microbial
catabolic diversity to treat all diseases arising from age-
related catabolic insufficiency in humans. Prominent examples
of catabolic insufficiency include heart disease and stroke

An idea by Aubrey de Grey

Medical Bioremediation — the concept

_|_

Mineral enrichment medium

Environmental

The cause of atherosclerosis may be catabolic insufficiency

(failure to remove cholesterol from the artery wall), Hcrobes Your favorite toxin
Alzheimer's disease (failure to degrade beta-amyloid in the Y Growth (here: 7-ketocholesteral)
braln), e speen bm] nenculnr: degemmention (afore 1o ” Atherosclerosis is the hardening of This is what it really looks like. Half of all
. . N % . . 1 I Il .
\Tl??:e?tf “;)gl":resvce"é Zf tf:g orfe;l;l ?;lozlgemtenotfetﬁl;hf?:::;n;i.e s of Purification or e the arteries with aging. Everybody is deaths in the USA (most heart attacks & strokes)
2 . y p - P x P: molecular affected by this progressive disease, are due to atherosclerosis. The only known way
this ambitious proposal by culturing microbes capable of methods to escape it is to die from something else first.

degrading 7-ketocholesterol, a major troublemaker in the
atherosclerotic lesion. The microbes have a dedicated 7-
ketocholesterol degradation pathway (separate from normal
cholesterol), suggesting the existence of selective enzymatic
machinery with good therapeutic proscpects. Our endeavor to

Bacteria growing on the
target toxin

Gene or protein therapy

N

starting at the end of childhood.

sl .

First enzymatic
step or pathway

Patient suffering

characterize the genes encoding these enzymes has
storage disease

progressed well. We speculate that many additional toxins
underlying major age-related diseases may be targeted in

Medical bi iati the Microbes capable of Cholesterol-laden foam cells are a 7-Ketocholesterol at concentrations present

similar ways. degrading the target toxin are isolated from environmental samples. hallmark of the early lesion. Foam cells in the diseased artery is a sufficient cause for
The enzymes enabling the microbes to do so are then identified, and are macrophages that attempt to clear macrophage failure and foam-cell formation.
may hopefully be used for therapies of age-related storage diseases. oxidized cholesterol deposits, but fail.
We cultured species degrading major pro-atherogenic oxysterols, and they do so in potentially therapeutically useful ways
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Degradation of 7-ketocholesterol: 7-ketocholesterol D d: of other atherog Other major atherogens, Pathway analysis: LC/MS analyses of the culture Other target “junk" molecules: It would be nice to get

e.g. cholesteryl esters and oxidized esters are also considered rid of all of these, and we are preparing efforts on some.

delicatessen by our isolates.

is measured by HPLC in the culture supernatant. We
have isolated three species of Nocardia that efficiently
degrade this infamous toxin. One of our degraders
recently had its genome sequenced.

supernatant reveal separate cholesterol and 7KC
pathways. This suggests the existence of specific 7KC-
degrading enzymes with therapeutic prospects.




OncoSENS

WILT - Whole-body Interdiction of Lengthening of
Telomeres; U TenomMepasa 1 ALT; kaxxable 10 net
rnepecanka KOCTHOIro Mmo3ra

Kpome o4yeBmnaHou nHBanuaunsaumm YernoBeka, B
opraHn3mMme Ha4dHyT ObICTPO KOMUTBLCA KNETKN C
KPUTUYECKN KOPOTKUMM TENOMEepaMnN U HacTynuT
TenomMmepHasa Kkatactpoda

OcobeHHO 3TO KacaeTCsl TKAHEW U3 KOPOTKOXUBYLLNX
KNEeTOoK

BMmecTo ycTpaHeHus cTapeHust Monyvnm ero
yCKOpeHue

100% KNEeToK opraHmn3ama obpaboTaTtb He Mofy4YnTCs



Mwup 6e3 HoBOOOpa3oBaHUM

* pALT INK4a/b — rmbpunaHbi 6ernok p15+p16,
CUHTE3NPYEMBIN B pe3ynsraTe
anbTepPHaTMBHOIO CNflaCuUHra B OTBET Ha
yBeNnn4eHne KOHUEHTPaLNKU KITETOK - KaK Yy
rosibiX 3eMJS1IEKONOB

* bornee BbICOKOMOEKynAapHasa rmanypoHoBag
KMCnoTa - BCneacTeme USMeHEeHHOro Kak y
ronbiX 3emMfiekonos reHa HAS2

* [eH tp53: Hy>KHa OCTOPOXKHOCTb — U3NULLHWI arorTo3
YCKOPSIET CTapeHue. Y yernoseka 1 konus tp53, y crioHa
nx 20. BoaMoXXHO, eCTb CMbICIT UMETb 2 KOMUU reHa.
OnTumMmmnsaumsa camoro reHa.



Gladyshev VN, Gorbunova V, Seluanov A, Tian X, Azpurua J, Ke Z, Augereau A, Zhang ZD, Vijg J
2014 r. PMCID: PMC4313802

Mwup 6e3 HoBOODOpa3oBaHUI

A INKa/b locus

p15 (INK4b) p16 (INK4a)
PARF

E1 =
pALT

B 1 pALT
Early contact inhibition in NMR

S,
© o © T -

Cell density

NMR HAS2 —» T HMM-HA 1 24

Contact inhibition
in other organisms



Gorbunova V, Seluanov A, Myakishev-Rempel M, Ablaeva J, Tian X, Azpurua J, Hine C, Vaidya A,
Mao Z, Nevo E 2014 r. PMCID: PMC3720720

Mwup 6e3 HoBOOOpa3oBaHUM

CsoncTBo BbicokoMonekyrn. 'K — paHHee KOHTakTHOE TOPMOXKEHME
(ECI). B aH3nme cuHTasbl ['K, kognpyemon HAS2, acnaprmH saaMmeHeH Ha
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MHoroobpa3sue benka p53

CneunduryeH ans no3BOHOYHbIX

OnybnunkoBaHo 0kosio 70 TbIC. cTaTen 1 0630pOB.,
NOCBSALLEHHbIX Oernky p53

BBegeHne B reHOM MbilLen AONOSTHUTENbHON KOMUK
HeMoaMdOULMPOBAHHOIO reHa p53, Unn cHMXeHune
aKkcnpeccum reHa Mdm?2 (nomevyaeTt Mornekyrnbl p53 ans
YHUUTOXEHUS) NPUBOAMT K 3aLLMTE OT pa3BUTUA paka 0e3
CHUXEHUS NPOOOIMKNTENBHOCTU XXU3HU

[pu cnabom KNneToYHoM cTpecce p53 3anyckaeT
penapauuio, Npy CUNTbHOM anonTo3

OnTMMK3nMpoBaTh p53 MMEET CMbICI B KOMIEKCe C 3aaaden
yCTPaHEeHUS CTapeHus



MHoroobpa3sue benka p53

Low/constitutive stress

Cell-cycle arrest

Anti-oxidant
| DNA repair

‘yAY}“ Cell survival

Prevention/repair of damaged cells < > Elimination of damaged cells
Tumour suppression Tumour suppression
Development Radiation sickness
Longevity Ischaemia

Development

Ageing

Nature Reviews | Molecular Cell Biology



MHoroobpa3sue benka p53

* Y yenoseka 12 nsodopm p53 (U3-3a ansTepHaATUBHOIO
cnnancuHra, 4encTBuUs ansTepHaTUBHbLIX MPOMOTOPOB U
ansTepHaTMBOU MHMUMAUNN TPaHCNALNN)

* Y 4yenoBeKa pacnpocTpaHeH nonmopdpmnam reHa p53 no 72-
N aMmmnHokucnote. Annenb Arg72, B OTnn4ymne ot Pro72,
OTNMYaeTCcs Ny4dllen 3amMTon NPOTUB paka, Tak Kak C 3Tou
annenbk cBs3aHa MUTOXoHOpMarnbHaga
HEeTPaHCKPUNUMUOHHAA QyHKUKMA p53. Jliogm, roMO3UroTHbIE
no annenun Pro72, obrnagatoT NOHWXEHHOW NPOTUBOPaKOBOM
3aLnTOomn, N0 CPaBHEHMIO C TOMO3UTOTHLIMW HOCUTENAMM
annenmn Arg72, HO B TO Xe BpPeMS XapaKTepuayTcs
bornbLuen cpegHen NPoaOSHKNTENBHOCTLIO XXU3HU



Bo3MOXXHble o0NOnHeHUs K SENS

» «PaKTOpbl CTApPEHNA» - CyLLLeCTBOBaAHNE
oDHapyXXnBaeTcs rnpu CLUMBAHUN MbILLEN N B
BO34EUCTBUN MUKPOOKPYXXEHUS Ha KNeTKy. A
YTO eCl OHU NepBUYHbI? [lognpoeKT SENS
«Rejuvenation of the Systemic Environment»

» [lerpagaumns (obegHeHne) Mmkpoburoma




