Systems Biology of Human Aging - Network Model 2012

Rev. 27 January 2012 Legendary Pharmaceuticals

© 2000 - 2012 John D. Furber Arrangement, teXt, & art by JOhn D- Furber g(a)iriosf,i?|gz|9|?32604_2200 USA WWW-Legendarypharma-Com/Chartbg-html

All rights reserved. JohnFurber@LegendaryPharma.com

=

Wm
ey CytOSOIIC Compartlnel 1 Extracellular SpaceS'

&% Mitochondrial &

5 5
- ) |
[ s

| - ot of the Ce e : :
; in nonmitotic cell Mitochondria ECM, Blood, Lymph 20)
................... Giant]
. b mitochondria 018 ROS . ) ... e s e e e e
accumulate when ! generated
| arcumutate when generated il in nonmitotic cell
11005 : fission. They can’t be [ metabolism ol o .
: Lamp2a autophagized, & they [ lucose Concentration Glucose-
8 imports tagged R produce more ROS. [ in Bloodstream. Lowering
LN ] TPONS ?gplasmic Autophagosome (Moderate in healthy people; 15 Drugs
m - filled Lysms have "‘ proteins.y assembles. Engulfs higher in Diabetes) 202 S
reduced capac & reduced $amagedt|—)t/3m5- .
rate of digesting Junk. They ransporis 10 New “YSIN. « g F i s s s e .
Or(()a?eellzézcej E?/, demand more lytic enzymes . R e B 3 B SRR 4 B R e e I R R S R R SR A R R i : Sﬁlg)'a(igté%?]a 203
; 8 f lgi | 12
Lysosomal i digestion, or rom Golgi, so less enzymes _ 01: e attack IMM, Glycated| 204 to extracellular 716
Enzyme |702 i trapped in LF 9o to functional Lysosomes. gAutophagosome i mt proteins Damaged extracellular proteins :
Augmentation oy ts with HoO Apgy becomes inhibited when # assembles. Engulfs junk, old mitos, 2% P ’ mtDNA or - : Glycation
reacts wi 202 E , i & mtDNA i mistakes generate proteins form _Inhibi
Therapy B i e, ¢ ke HO* Lysms cinnot accept more junk. : #organelles, psomes, ribosomes, i B replication insertions. deletions® AGEs and Inhibitor
0 make o 1007 [\ 'F - filled . "" damaged membranes & nuclear £ 020 | pamaged g machinery . crosslinks Drugs
¥ Lvsosomes ¥ scaffolding. Transports to Lysm. ;g= 3 mitos produce ,
_y S ffffffffff{ G e less ATP & more Level of IL-15
with damaged ; ROS: have lower Protease E & IL-15Ra.
membranes spill memb ot. Most & in serum Igs crosslink
. 006 lytic enzymes & ; are autgphagized igdamaged & 201 to kidney
LF-formation ity Oxidized lipids, reactive LF into , 10 Lvsosome 2 mt proteins #: glomerular
|nh|b|tor _ proteins, & Fe cytoplasm y - Lon Protease BM causing
Drugs crosslink to form converted =3 : bv%\;\egsggedme e complement-
Lipofuscin - to H202 - | : mediated
: by SOD ¥ damage | 205
009 |ROS in Lysosomes Enhance Shape Kev
cause damage to Detection & N -
Lysosomal membranes or | o T i SHEGHRSI I, Iy Y A i R R W Y BE O g o WD SHH REH, e R R AR Turnover of
membrane scaffolding g 1013 "'(')32 f : mutant
which controls 5- | Spermidine 014 . i Glycated | 2086 {; 737] mipNA Causal Sequence of Events
vesicle fusions Hlenhances : . 016 Clonal Arginine s
...................... : | apgy & decr Lipofuscin 0 /H202 R 4 030 —— o amplification g >
008 T g n Cytoplasm diffuses 027 W . . ﬁ Rate of mito: of mutant mtDNA can convert i
Lipofuscin g histone can trigger out of mito Functionality ” biogenesis 7. to Ornithine g
LF-Removin i P 010 |HoO [ acetylation . il of collective P~ causes PM cell .
9 M accumulates 202 Apoptosis ISC assy . or skeletal muscle ECM protein
Druas _ . _ depends on : _ u id Movement, Transport,
gs| 704 in Lysosomes diffuses o5l p fiber segment to resicues can or Flow of things
of PM cells into Lysm ' HoOa ir : memb pot. s i R ' become anaerobic 207 %%?nrgﬂgée OF smmssmmismnainige 0 MV Bl | oo
202k _ | MYy D O
cytoplasm f 4077 ! Reductive Hotspot: ﬁltered ;%rg & which might—4
Oral : X sp residues
. naerobic cells & d RGD
Spermidine : Isrupt RGD g s s O D
muscle fiber segments cell attachment 718
705 export electrons through ok
: plasma membrane, i moke, etc. ]
063 generating EX"%‘E%U'W creates Things:
JCatalase & . ' extracellular ROS 209 ROS Quantities or Pools
Sruin e u c e u s oytosolic GPx SRR N g Seeememaggmnon of Molecules, Cells,
ctivators Jdegrade E d I Subtances, etc.
706 {0 - naopiasmic " Ditary
- or injected
Reticulum anioxidsnts
Acetylation B e el 11111 1111 B T e et 07 ST 1 N R T ? 719
of Histones -
036 i ,ﬁ’;ﬁfﬁﬂw
: 066 . “
Lon Protease : a: - subunits turn- #1095 Fasting, _,,.--‘f"'-* Process, ﬁ
mRNA 065 | Damagedff GlycatIXEIiE % over by CMA Misfolded s 0o | CR, or ﬁ Action, ﬁ
064 | Redox Junktobe [ sugars, S BaBREEAGE 1B0A0 proteins [l 078 | Peroxidized Lipids & Exercise _,..-"f"'-‘ Change, Z
: : : : - i : & ALEs bond accumulate Oxidized §i: ; : reduce LDL & : %
Chromatin 037 |: potential poise repaired or to intracellular brane Jiids & I oxidized cholesterol in LDL ROS & sugars level ?' or Reaction %
remodeling drugs. Chromatin 040 041 in cytoplasm is incr disassembled ; proteins & b et meTotreai:Se rlepllegse are imported py other cells, & peroxidize lipids evels ﬁ %
eg. HdAcs & 207 i conformation PARP-1 Nuclear 20S by oxidation. This : P oxcess Ca2r incorporated into membranes, & glycate (510 AA A
HdAc inhibitors is altered activated proteasome changes intracellular damaging membranes & proteins in
removes signaling & gene exp mitos via lipid chain-reactions. circulating LDL
damaged [ 042 :
038 proteins :§Genome integrity J:
ovidized I * Jiscs " | e o o T e
’ y : AP oxidizes compartmen
Shortened & Srosaiink i produing cholesterol
\ if not quickly : Hs02 & ROS chaiﬁe}lr:ggs’
et : : disassembled 070 Ha028& | 2111
'I_'Igr:omerage Uy g | R RS : i . Proteasomes
erapy 045 P ) ik : digest damaged [l g g g e g s s R e e e R
é Activators | 708 Telomere chromosome nDNA damaged by ROS) g cytoplasmic 1o
position Diffn end-joining adducts, _ Hyperphosphorylated g . el R i o
effect d breakage, Tau forms PHF, which - = 1 TSme M Sy N WO 0 T : Cytpplgsmlc 081 Antioxidants &
alters reauces i g . antioxidants ) in EC fluids & Gradual
T damage,& bind Cu, produce H202 [ .
ene exp ase exp 048 A - > 071 | Cytoplasmic guench ROS % Endogenous : guench ROS £ Accumulation or
e Y Levels mutation ™ ROS attack g Antioxidant 082 : Srrernepnmnnennonnn’ et | 2141 Increase in
of MiBRNAS in 049 w7 intracellular & g Production & S AGE & - ¥ ionophores % Quantity or Mass
brain change ROS in r 4 membrane proteins ' : B i disaggregate with Aging
X-Rays & & lipids. Enzymes Scavenger f: monomers oA ol
A-hay nucleus Receptors aggregate with oxic A oligos.
ionizin & proteasomes take Cu, Z
radiatign : : 055 - get inactivated. - = ér;iglkéooﬁ?gr;ns aande ref;’asg
create ROS : i Oxidize B 7 Cu,Zn & 215 monomer.
RO 065 e Q2 :
053 Cytoplasmic proteins allow - Tau hyper- 7 giant mitochondria, & 074 [ p s ROS i exporte? from released into
050 Glycation: B other proteins 7 phosphorylation LF-filled Lysosomes blook & nhibt EC transforrirG glutamatergic Gradual
ycation: accumulates in & out * destabilizes 7 accumulate in cytoplasm, Proteasom 083 sy synapses during Loss or Decrease
Gene sugars bond in nucleus & " ":5 microtubules, ? generate ROS, & impair oteasomes ntracellalar neurotransmission BBB- in Quantity or
expression to nDNA & damages s ¢ blocks g cell functioning Ca2+ : 3 permeant Mass with Adin
Increafse 210 is altered proteins chromatin 056 # axon transport. } levels rise 095 AB monomer . metal ging
exp of Signals & P A RN %7n & Cu : i # slowly ionophores
beneficial genes h . . meS e semmm—— 4 _ Comred b
eg Lamp2a, : pumped into g earea by 721
Lon Protease 057 nucleus gneurons by transport to . )

0 ) Nrfo e b e R WM
Proteasome, otates lonophores ?, % Z _
hTERT . gtake Cu, Zn # Inhibition ﬁ Process %

antiox genes 088 into neuron = i %
Zn PSR gw 2 # of Pathway that is &
Low Zn supply in 220 MMP2 & 3 % Z natis -z
— Neuron mak pply Zn/Cu | <Y . # orProcess % inhibited %
K'qd—LIPOIC Excito- neaurisns neurons activate giOWW digest "'ﬁ 'ﬁ ﬁi Z
. . HH o
N2 1055 - | toxicity § Bk ~ MMP2s3 % b A
060 061 : 087 ' w 092 Fcamp receptors [ g
_ % 059 Progerin Damaged 075 =6 : level in cytoplasm in PFCN : /fﬂﬁfﬁw

Splice Spliceosome splice-variant nuclear Oxidized 0 of PFC neurons membranes Glycated LDL f ™ // External f;

Enhancement errors Of Lamin A proteins i Xidize Odelzed ........................ and RBCS : Ca g . F‘j

Th : pigment enzymes b lipids & ; i & Lipids Intervention, or f

erapy | -4o accumulates accumulate I membrane lipids crosslink to : p A . =
: cooen sassnien [ e in hair follicles proteins degrade endothelial | 221 ii:flbound to %, Environmental - 7
............................... turn hair white transpor‘[ers of Ca2+, s opone artenal Co”agen E elastin TTR % FaCtOI’S f
Nat, Glu, & glucose; i N Noteh E K+ channels solublizing W
promote depolarization receptor Delta stops PFCNs TGF@ , Drugs
& Ca2+ influx Ligand f » levels in Chemokines, Oxidati 722
rom firing . xidation
089 093 sat cell incl CCL11, & cleavage
1 \ i | i niche BM in plasma of ECM 503
| & blood & CSF proteins Physiological
1 | | : Condition
' MMPs| 232 (Senescence)
secreted by
arrested cells Crosslink-
AGE| 150 . : Brgaker
Sat - signaling Sy gy T Wl i g s s R : Damaced 703 | Drugs .
iy : roliferation Accumulated MSC Diff secreted by inflam i ’ e
. iy Anergic P cvtoplasmic TN y . Cerebral - 205 oxidized ECM proteins
Selective T-Cell ™% T-cell clones regenerates ylop macrophages | 234 Articlular [, Hormone amyloid angiopathy - accumulate & change
Deletion Th skel muscle damage causes Apop cartilage Elastic ”
eletion Therapy g accumulate & X ! Levels decreases ' EC environment
some cells to f articlular| 127 det t ; fibers 224
AR suppress function poorly Ohanlgru ar i glerlorales endothelial health —
naive T-cells or self-destruct ——— Ff & 4
Arrested Cell DiVision: 151 a4 & 8 g F 8 H
Short telomeres, e *
altered nDNA, or Healthy
— damaged Lamins cause 135 \ a1 endocrine 159 | CO I O I' KeL
some cells to stop dividing. Cell Death; 148 cells e
ell-to-cell Naive Apoptosis Macrophages TR
Redifferentiation: Signaling T-cell population & necrosis kill bind to % X
Altered gene expression pathways shrinks, reducing important cells in AGE-collagen Cell 161 Endotheliumﬁ'
patterns change some Arrested cells ability to respond to slowly renewing detachment extravasates
cells to inappropriate secrete hormones, infectious microbes. tissues. promotes small clots &
phenotypes 128 C);]tplﬂrr\]es, & tt?]xms, ! metastasis Edebris in Stimulate Nucleus & Cytoplasmic
WHICh harm otner cels. ? capillaries & . Endoplasmic molecules
o 155 I o Fibroblast & Reticulum
C E L L Stem cells £ gFibrobla;tsf MSC repair
replace some § g & MSCs
lost cells # # repair ECM # .
A imvﬂm:m&
. . : g , , Extracellular
129 : _ : % IL-6 causes _ Macrophages Mitochondria Proteins, etc.
Fibrobl 2 cytokines (IL-6) ¥ % neuronal - Neurotoxins ingest peroxidized
ibroblast % induce exp _ : % precursors & destroy | 156 Lipids, LDL, &
production ? of endothelial £ % 10 become—_& neurites, RBCs to become
of elastin 2 adhesion ;5 % glial cells, synapses, Foam Cells| {50
#? molecules ; # not neurons. % 152 & neurons Toxic Controlled Beneficial
223?5;?2 Heavy Metals Degradation prtocesst_or
’ intervention
Motor| 147 synapses 72 PPb’ .H% & Turnover
GAEEELEEEE R IIERES ; neurons N . esticides
% Immune System £ eurogenesis
% & Apoptosis| 130 ts’¥ Adtc‘;'t Ill\leural N
% kill some ; em Lells | 4o~
ISy % cancer cells Lund 138 Co Damaging
Stem Cell - X | T basal cells 140 B IR MG [ TR N A 1IN rmmermerenes Signaling Substance
% . Thymus 144 145 Pathway P
g Therapy or Trophic Arrested MSCs & involutes _ Skeletal # BDNF preserves or Process
¥ Factors 714 Stem .c?'.'s > functional Cardiac muscle 153 ) % neurons & -
S stop dividing fibroblasts moytes] Livers | Pi4e e fimproves synapses
- | Osteoblasts cells in neurons
hypothalamus in SN[ 154 Senescence
T l I Exercise Physiology
726 or
Hormone
Therapy
: y + ‘ Working 923
syt 4 ‘ Geo memor & oxee
: ,€g. & ulmona arcopenia rosi Di -
5 CMV, occupy  # Emphyse%a, p orosis 926 isease Dysfunction
4 immune system & COPD 928 919 ;
Fasting
Cancer 933 727 |or CR or
, Drugs that
901 Stiff skin, e fasti
tendons Reduced mimic fasting
capacity of
Meno- Alzheimer’s Etjlnggry
) pause & related adder
931 Dementias M
924 920
s NN Y Y Y Y Y Y ) VY T ey, Y Eme, D I YSs NNGG NL Ly —_—_—_—_— Y P T Yy Yy Yy v gy g e ——————————————— e e
_______________________ ]

ion &

% Neuroendocrine

Thin Skin;
: ) Macular A A —— D ——————————————————— g Wb Nl e e ——— D
Thin Hair; . % & IMMUNE [ ann | o —————————_— N ——t————————————f———SSSSSTu Y ooy TSRS,
P H YS I o L O G Y VWhite Hair Degeneration — 914
I o e —— YR P
905 Impalreé:l in neural Hemorrhagic
woun capillaries Stroke
healing & _ _ cause
{issue repair % Pathogenic Infections micro-strokes
% kill cells &
% generate inflammation
Retinopathy 909
Stiff arteries
908 & capillaries,
systolic
hypertension,
Heart cardiovascular
- ~—>4& Many other - Failure | %10 _ disease A"“'LBQ@Q‘Q‘S:SQS’
Pathogenic d ownstream ear 912 911 schemic
Infectious Agents, Attac —_h orot Stroke
i i erosclerotic
\r/Tl]EgrsO%sésbacterla, effects of 913 —=Jp> | plaque buildup Inflammation,
AGlNG —— tissue remodeling,

Inflammatory
proteins secreted by
Liver: C-RP, IL-6.

>

. Psychological
Rheumatoid stress
Arthritis

>




