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10 Abstract:

11 Aging kills 100,000 people a day - more than any other cause of death combined. The exact
12 causes of aging have been much discussed, but the most pressing issue with regard to aging
13 appears to me to be lipofuscin accumulation. That is, the accumulation of indigestible

14 cellular garbage that needs to be removed from our cells, then the body. In this piece, I will
15  explain why I think “getting rid of the garbage” should be at least one of our main goals

16  with regard to longevity research for now.
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22 Introduction:

23 There are many theories about why we age, but one stands out as being the most plausible
24 based on the evolutionary and mechanistic evidence. That is the “garbage catastrophe

25  theory of aging.” Drs. Brunk and Terman postulated years ago that the problem of aging

26  can essentially be summed up as a “garbage disposal issuel.” The main idea is that basically
27  old molecules are sometimes damaged in ways that prevent the lysosomes from breaking
28  them down properly, and over time these damaged, old molecules accumulate inside the

29  lysosomes. Eventually, the lysosomes become full of this indigestible garbage, i.e.,

30  “lipofuscin”, and cannot perform their normal function - then there is a garbage back-up

31  and the cell starts to decline health-wise.

33  Lipofuscin can eventually occupy a large portion of the cytoplasm in certain cell types.

34  Whether or not lipofuscin itself can exert negative effects on the cell that contains it, simply
35 accumulating to a critical level would logically cause a garbage backup. The cells may try to
36  produce more lysosomes - but will eventually reach capacity. It also makes sense that

37  reaching a critical threshold of lipofuscin in non-dividing cells throughout the body could
38  accelerate the accumulation of the other six categories of age-related damage as defined by
39  Dr. Aubrey de Grey?. (Intracellular aggregates, i.e., lipofuscin, is his fourth category of age-
40  related damage.)
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42  Dysfunctional mitochondria are a hallmark of aging3. With lipofuscin accumulation,

43  damaged mitochondria - sometimes with mtDNA mutations, sometimes just with damage
44  to their membranes, proteins, lipids, and DNA - will not be recycled as rapidly and may

45  then start to accumulate. Mitochondrial DNA mutation accumulation is Dr. de Grey’s fifth
46  category of age-related damage - and they can in fact accrue over time. However, [ will

47  address this on a fundamental level later.

48

49  Tau will begin to build up inside neurons due to the garbage back-up, eventually becoming
50  hyper-phosphorylated and forming neurofibrillary tangles. Similarly, f-amyloid that is

51 normally degraded may continue to persist, building to levels that lead to plaque formation.
52 Hopefully, if lipofuscin is removed, plaques that have already formed could regress - in line
53  with Le Chatelier’s Principle. In other words, if lipofuscin is cleared and $-amyloid in

54  solution is taken up and phagocytosed again, insoluble plaques may start to dissipate back
55  into solution as well - at which point the $-amyloid in solution would again be taken up and
56  degraded. Transthyretin amyloid could also be another amyloid that forms in the

57  extracellular spaces of our bodies as a result of lipofuscin accumulation in various tissues.
58

59  Moreover, extracellular matrix cross-link-degrading enzymes could be secreted at proper
60 levels and even could be upregulated when the cells sense a large number of cross-links in
61  their vicinity. Even if there are some cross-links that can’t be degraded by endogenous

62  enzymes - if the ECM is turned over more frequently - molecules bound together by

63  uncleavable cross-links could get endocytosed by tissue-resident cells or phagocytosed by
64 (bioengineered or regular) tissue-resident macrophages - and then be removed eventually
65  aslipofuscin inside lysosomes if necessary.

66

67  Additionally, cancer is more likely to initiate or progress if many microenvironments

68  throughout the body are corrupted by lipofuscin accumulation. Along those lines, stem cell
69 niche corruption may prevent them from replicating efficiently to replenish tissues.

70  Furthermore, it is clear that with the extracellular matrix not being properly cared for by
71  its resident cells, extracellular matrix cross-linking could reach pathological levels - most of
72 that could certainly be reversible upon removal of the lipofuscin, however.

73

74  Senescent cells may start to accumulate if tissue-resident immune cells are rendered inert
75 by lipofuscin accumulation and the non-functionality of the parenchymal cells around them
76  also caused by lipofuscin accumulation, leading to dilapidation of the extracellular matrix.
77  Here I refer to irreversibly senescent cells, which have suffered DNA damage and can no

78  longer function properly. However, many cells that show signs of senescence like the

79  senescence-associated secretory phenotype* may be reversibly senescent. They may have
80 entered into that state due to epigenetic damage brought on by lipofuscin accumulation. I
81  have much hope that this epigenetic state can revert back to a youthful state once

82  lipofuscin is removed, however.

83

84  There was a paper published recently in Nature Aging that suggests that epigenetic damage
85  is mostly reversible at least>. The hallmarks of aging that it related to were mitochondrial
86  dysfunction, nutrient sensing, and stem cell composition. If lipofuscin is removed, damaged
87  mitochondria will be recycled and nutrient sensing processes should go back to normal.
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88  Stem cells in this study likely show a younger epigenetic age because they divide frequently
89  and thus dilute out their lipofuscin. That relates to my hypothesis about why Yamanaka
90 factors rejuvenate tissues®; I believe it may be because they transiently induce a
91  pluripotent stem cell state. Thus, cells that normally wouldn’t divide start to divide
92  transiently, and thereby dilute out their lipofuscin. Sox2, one of the four Yamanaka factors,
93  also initially stimulates autophagy’ - which decreases “false” lipofuscin. I'm defining false
94  lipofuscin as intracellular garbage that a cell could potentially recycle if it were encouraged
95 insome way. “Real” lipofuscin is intracellular garbage that cannot be digested no matter
96  how we manipulate a cell’s metabolism - namely the junk that must be removed. Finally,
97  this rejuvenation technique, known as partial reprogramming, may be dangerous because
98 it has aserious risk of causing cancer.
99
100  Thus, one could see how lipofuscin accumulation reaching a critical threshold level
101  throughout our tissues might lead to a downward spiral pathologically-speaking®.
102
103 I'have written an article about strategies for removing lipofuscin from cells in culture to
104  test this theory, and how we might go about removing lipofuscin in whole organisms if cell
105  culture work indicates that it leads to substantial rejuvenation®. It is also important to
106 remember that cells in culture don’t always die from causes that are reflective of in vivo
107  aging.
108
109  To treat whole organisms in a high-throughput manner, however, we will need to have a
110  way of delivering trash-collecting (i.e., phagocytic) intracellular microbes or proteins that
111  induce the export of lipofuscin to all the target cells throughout the body. As this probably
112 includes most cells in the body, that really necessitates that we use the bloodstream as a
113 systemic delivery system. If we can get a relatively even distribution of bioengineered
114  leukocytes into tissues throughout the body - but only at low levels - we can still simply
115  promote their replication via small molecule while visualizing the process through HSV1-
116  TK1O,
117
118  Systemic extravasation of bioengineered carrier macrophages:
119  The trouble with trying to intravenously administer large liposomes or viral vectors, which
120 can contain much more complex payloads, is that they cannot reach many
121  intraparenchymal target cells throughout the body because the vascular endothelium
122 serves as a stringent barrier. Some intracellular microbes can transcytose across the
123 intestinal epithelium - but this is not necessarily helpful for the vascular endothelium??.
124 There are some pathogens that can cross the blood-brain barrier, but this is typically under
125  conditions of systemic inflammation or bacterial-mediated cytolysis of vascular endothelial
126  cells to cause gaps in the endothelium!2. Basically, we do not know nearly as much about
127  effecting safe microbial transcytosis/paracellular passage across the vascular endothelium
128  as we do about white blood cell extravasation!3 - although we do not know all the
129  mechanisms of leukocyte diapedesis either. Thus, in the more immediate future, to get the
130  trash-collecting microbes across the vascular endothelium, we may have to employ a
131  somewhat complex, two-step delivery system that involves carrier white blood cells.
132
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133 The two-step system could involve first delivering a gene vector to vascular endothelial
134 cells - this would then inducibly allow for the transmigration of bioengineered white blood
135  cells containing the trash-collecting microbes. Basically, clinicians would seek to infect all
136  or the majority of a patient’s vascular endothelial cells with a herpes simplex virus type 1
137  (HSV-1) vector. (Different pseudotypes of HSV-1 or bi-specific antibodies may be

138  necessary to ensure that all vascular endothelial cells throughout the body are transduced;
139  one marker may not be enough - as vascular endothelial cells in different anatomical

140  locales do not have the exact same gene expression patterns'.) They would then inducibly
141  express from the viral genomes (upon small molecule administration) synthetic, luminal
142  adherence proteins and chemokines!>. These would allow for the attachment and

143 transmigration of bioengineered macrophages. After transmigration, perhaps

144  chemorepellents could be secreted abluminally to direct them away from the vascular

145  endothelial cells, across the rest of the vascular wall, and toward target tissue. The

146  macrophages could then randomly migrate around until binding to a cell type of interest, at
147  which point they could (directionally) donate trash-collecting microbes to the target cell.
148

149  In fact, the trash-collecting microbes could replicate within the carrier white blood cells up
150  to a moderate copy number!® - restrained by Al-2-based quorum sensing, perhaps!’. The
151  carrier white blood cells could then continuously donate the trash-collecting microbes to
152  target cells via microvesicular secretion, secretory autophagy, transient TNTSs, or even

153  partial cell-cell fusion; they could enter target cells, engulf their lysosomes, and escape.

154

155 A

156
157 B.
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158
159  Figure 1: A) Gene vectors are administrated intravenously; they bind to vascular

160  endothelial cells, are internalized, and transduce them to allow control over synthetic

161  adherence proteins and chemokines that facilitate the extravasation of bioengineered

162  white blood carrier cells. B) The bioengineered white blood cells carrying intracellular

163  microbes are “smuggled” across the vascular endothelium in many regions throughout the
164  body.

165

166  The vascular endothelial glycocalyx may make the delivery of large gene vectors difficult.
167  AAV vectors are able to reach the vascular endothelial cells beneath the glycocalyx, at least
168  in many regions (in mice)®19, [ suggested HSV, however, because I thought multiple

169  proteins may be required to ensure extravasation of the bioengineered white blood cells
170  carrying intracellular, trash-collecting microbes - perhaps multiple proteins that vary

171  based on anatomical locale. But perhaps a single, synthetic chemokine will be enough.

172 Multiple AAVs can be employed if necessary. (An adenoviral vector is also a possibility,
173 perhaps??.) If a larger gene vector is required and can only transduce a small number of
174  vascular endothelial cells throughout the body - that could still be enough, or at least very
175  helpful. Imaging via HSV1-TK could let us know when the bioengineered white blood cells
176  have reached the tissue parenchyma in various regions - and a small molecule could be
177  intravenously administered to promote the replication of the bioengineered white blood
178  cells in those regions. The intracellular microbes in the bioengineered white blood cells
179  would keep pace with that division - restrained by quorum sensing. The two-step delivery
180  process could, in this sense, still potentially save a given patient a lot of intraparenchymal
181  infusions in different anatomical locales.

182

183 It may notrequire a gene vector, however, to see the effects we want. We could perform
184  immunopheresis to remove circulating leukocytes, then deliver siRNA to endothelial cells
185  that knocks down endomucin?}, an inhibitor of endothelial cell-leukocyte adhesion and an
186  important protein in enhancing the glycocalyx, and finally administer the bioengineered
187  macrophages that will cross the vascular wall. Magnetic nanoparticle (MNP)-based

188  permeabilization could also be applied for various areas that have thicker glycocalyx, for
189  example?2. Endothelial cells in those areas could be bound by peptides that recognize that
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190  vascular “zip code” - conjugated with MNPs. Importantly, though, endomucin is specifically
191  expressed by venous endothelial cells. We may also need to remove lipofuscin from

192 various cell types like smooth muscle cells in the arterial walls.

193

194  The only other option that I think makes any sense on a large scale is to manually inject

195  parenchymal regions throughout the body with bioengineered white blood cells carrying
196  the trash-collecting microbes. The bioengineered white blood cells could be induced to

197  replicate up to a sufficient number once there via small molecule. That solution isn’t pretty,
198  butiflipofuscin is truly the main culprit in age-related disease, we simply have to do

199  whatever is required. More likely, we could combine the aforementioned two-step delivery
200  system and intraparenchymal injections for full coverage. Please keep in mind that the

201  small molecule-induced replication option works for the two-step system as well of course,
202  and thatin both scenarios there would be continuous donation of trash-collecting microbes
203  from each carrier white blood cell while they randomly migrate around a given tissue.

204

205  There are two important considerations for the two-step delivery system. One is that

206 clinicians should perhaps slowly infuse the patient with bioengineered macrophages after
207  inducing the synthetic luminal adherence proteins and chemokines, so as not to create too
208  much stress on the vasculature. The other is that one may need to employ superinfection
209  exclusion (SIE)?3 in terms of the HSV-1 vector to make sure that all or the majority of

210  vascular endothelial cells are transduced - but without ending up with too high of a vector
211  copy number per given cell. SIE would ideally be on the level of intracellular capsid

212 trafficking. For example, the degradation system cited here?4 could ensure the degradation
213 ofincoming capsids before they transfer their DNA to the nucleus?>. A synthetic gene

214  circuit imbuing network-dosage compensation could also be of use in this situation

215  potentially?6. Given that the average EC lifespan is >1 year?’, there is a clear therapeutic
216  window here if the vasculature can be thoroughly transduced first. The extent of vascular
217  endothelial transduction could be visualized via the HSV-1 thymidine kinase. And a kill

218  switch could be included to destroy the vector genomes (based on CRISPR, for example)
219  after lipofuscin removal treatment.

220

221  Testing this type of delivery system in mice may be more facile than actually implementing
222 thereal formulation because new mice strains can be engineered that express various

223  foreign genes in their vascular endothelial cells. They could have a synthetic chemokine
224  that brings across bioengineered macrophages?8, endomucin siRNA, a chemorepellent from
225  the abluminal side of the vascular endothelium, etc. Ferritin could even potentially be

226  overexpressed in the mouse vascular endothelial cells?® to enable magnetic-based

227  disruption of endothelial junctions in large regions of the body - as in the previously-cited
228  article?2

229

230 Two remaining issues in the near future:

231  There are two remaining age-related issues I can think of that we should consider in the
232  immediate future. One is telomere shortening. Telomeres are simply non-sense, repetitive
233 sequences of DNA on both ends of every one of our chromosomes. Telomeres exist because
234  otherwise, important chromosomal DNA would be lost every time the cell divides. To

235  replenish our telomere lengths, stem cells - the cells that divide - use an enzyme called
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236  “telomerase”. If our telomeres shorten too much through not expressing enough

237  telomerase, too much division, damage, or some combination of these factors, it triggers a
238  program where the cell either undergoes apoptosis or enters a senescent state. It has been
239  proposed that not enough telomerase is made in our stem cells, and that over time their
240  telomeres shorten so much they become senescent and we age. (Shorter telomeres are also
241  associated with an increased risk of cancer.) However, even though stem cell telomeres do
242 shorten with age in some individuals, for some individuals, their telomeres stay the same
243  length or even lengthen with age.

244

245  Blood stem cells from aged individuals can still function normally if they are “rejuvenated”
246  exvivo - and then transplanted into a young niche??. It appears as though every compound
247  thatI've seen used to “rejuvenate” aged stem cells (e.g., CASIN and rapamycin) actually

248  decreases false lipofuscin in the cells through the stimulation of autophagy3132. From the
249  theoretical perspective, one could imagine that if a stem cell is slowly-dividing, it could

250  build up lipofuscin over time even with some replication. Alternatively, a rapidly-dividing
251  stem cell could be restrained by a niche full of lipofuscin, and then start to accumulate

252  lipofuscin itself. Lipofuscin removal from the stem cells/their niches may make them

253  Dbetter able to degrade damaged telomerase components and generate new ones, but it is
254  still possible that a gene vector encoding telomerase could be needed to lengthen the

255  telomeres of our stem cells - preventing them from becoming cancerous or senescent. To
256  negate this potential issue, we could deliver a gene vector encoding inducible telomerase to
257  our stem cells using essentially the same delivery system [ am proposing for lipofuscin

258 clearance - and overexpress it periodically.

259

260 Importantly, non-dividing cell telomeres shorten to some extent with age as well due to
261  stress/damage33. This may not be something we have to worry about for quite some time,
262  buteventually, telomere shortening in long-lived post-mitotic cells could become

263  problematic. Perhaps if the telomeres of long-lived non-dividing cells like neurons reach a
264  short enough level, they would be able to detect that and endogenously express a sufficient
265 amount of telomerase (given periodic lipofuscin removal). If not, we could also periodically
266  induce telomerase expression in long-lived non-dividing cell types - although much less
267  frequently than in aged stem cells. In other words, we want to ensure that none of our cells
268  have excessively long telomeres, as that could contribute to cancer.

269

270  Constitutive telomerase expression in many tissues from birth leads to oncogenic effects.
271  However, periodic overexpression of telomerase in all our adult stem cells could be safe for
272  along period of time if (DNA repair proteins and) tumor suppressor proteins are also

273  overexpressed. Dr. Blasco et al. demonstrated that in mice overexpressing tumor

274  suppressor proteins, telomerase upregulation increases longevity34. However, it should be
275  noted that mice have much longer telomeres than humans; their telomere biology is also
276  different in other ways. The only other option would be to periodically reseed all of our
277  stem cells. For some stem cell types at least, this could be rather difficult. Another

278  protective mechanism that should probably be developed would be to assign microbes to
279  dispense the telomerase in a manner that is carefully guarded - as | will discuss later on.
280
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281  Anadeno-associated virus serotype 9 (AAV9) encoding telomerase has been shown to

282  extend the lifespan adult/old mice when injected intravenously. Additionally,

283  cytomegalovirus (CMV) encoding telomerase had even more impressive results when

284  administered intranasally and intraperitoneally old mice3>36. AAVs are non-replicating
285  vectors, so even slowly-dividing stem cells will eventually lose the vector unless there is
286  some sort of asymmetric inheritance process for the vector genome (even with otherwise
287  symmetrical stem cell division). The CMV vector was a replicating vector, but the infection
288  is cleared eventually. Some latent genome copies may remain in non-dividing cells,

289  however. Itis possible that remaining viral genomes replicate in dividing cells to a small
290  extent, but will likely eventually be lost - perhaps in all but the slowest-dividing cells. The
291 infection potentially uses leukocytes as trojan horses to gain access to various tissues.

292

293  Again, mouse telomere biology is different than human telomere biology, so it is still

294  unclear how safe it is to use either approach in humans. However, there is a human case
295  study where a 44-year-old female underwent two series of AAV9-hTERT injections - one in
296 2015 and one in 202037, It was shown that her leukocyte telomere lengths greatly

297  increased over time. In this approach, the idea is that a non-replicating vector is used, so it
298  is not permanently kept in stem cells - they divide and lose the vector, and more rapidly-
299  dividing stem cells lose the vector more quickly.

300

301  Given the approach, it would at first glance seem a little strange that her leukocyte

302  telomeres continued to increase in length over time, as hematopoietic stem cells are

303 rapidly-dividing, and thus would dilute out the AAV vector quickly. However, it appears as
304  though hTERT also induces autophagy?3® and stimulates replication, at least in (embryonic)
305  stem cells3?; if h-TERT were overexpressed for a while in her aged niche-restrained

306  hematopoietic stem cells (HSCs) and their niches - division could then ensue or speed up
307  once much false lipofuscin had been degraded/had been programmatically forced to be
308  diluted out from the HSCs. If this occurred for a sufficient period of time, her HSCs would
309 theoretically be able to divide normally again, dilute out the remainder of their lipofuscin,
310 and maintain their own telomere lengths.

311

312 Itis worth noting that AAV-mediated delivery appears to be much more effective in mice*?
313  than larger animals like non-human primates*14243 - perhaps due to differences in

314  extravasation. Thus, we may need to use my aforementioned delivery system to effectively
315  deliver a gene vector encoding hTERT in humans in a manner I described in my anti-aging
316 article. In terms of cancer, even though cell division rates and DNA mutation rates are not
317  correlated*4, perhaps more rapidly-dividing stem cells are more prone to become

318 malignant or at least aggressively malignant*® - and so losing the vector in those cells

319 prevents the increase in cancer we see when telomerase is constitutively overexpressed
320  throughout the body*t. But if aged stem cells can degrade damaged telomerase enzymes
321  and create more, new ones after shrinking their lipofuscin deposits - then why is there no
322  increase in oncogenesis? It appears as though hTERT expression can actually promote
323  proliferation, not simply enable it to occur indefinitely - so its overexpression in already
324  rapidly-dividing stem cells could be problematic.

325
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326  The second issue is whether we should worry about memory B and T cells. Specifically,
327  should we worry that they will eventually build up in our bodies over time through

328 exposure to different pathogens to the point where there is no more space for naive B and
329 T cells? Dr. de Grey mentioned this as being an issue, especially for CMV. If the thymus and
330  other lymphoid tissues are free of lipofuscin and still functioning properly, perhaps this
331  will not be a problem - as the clonal expansion of memory B and T cells may be a

332 compensatory action to counter the marked drop in the output of naive B and T cells due to
333  bone marrow/spleen aging and age-related regression of the thymus, respectively’.

334

335  However, perhaps for the elderly who already suffer from a clonal expansion of memory B
336 and T cells, removing lipofuscin from lymphoid tissues may not be enough. We may also
337  need to eliminate the memory B and T cells that have clonally expanded and massively

338  skewed their pathogen resistance profiles. It would be relatively simple to do that with
339 immunotoxins against B and T cells in general or CAR T-cells against them. Perhaps we
340  could specifically target clones that are most prevalent using a gene vector-type approach
341  wherein sensors look for particular DNA or RNA sequences and Kkill the cell if they are

342 detected. We could pre-emptively lengthen the telomeres of our hematopoietic stem cells
343  toready them for massive expansion after that. Notably, if memory B and T cells sit around
344  for long periods of time without replicating - i.e.,, when the body is not exposed to their

345  corresponding pathogen, they could fill with lipofuscin over time and be unable to function
346  properly (e.g., re-enter a replicative state when necessary) after that.

347

348  Anti-aging gene therapy:

349  Altering endogenous gene expression or adding foreign genes to our cells - when it is not
350 necessary - may not be great idea. Introducing DNA in general into our nuclei through gene
351  therapy could be problematic; it could integrate at sites of double-strand breaks, for

352  example. Also, if you mess with finely-tuned genetic circuits, it may result in cancer. If you
353  mess with said circuits in many of our cells at once, it also may have other very harmful
354  effects potentially. Dr. Aubrey de Grey has said as much. However, perhaps there are some
355 good, safe targets other than telomerase that can be underexpressed or overexpressed to
356  increase longevity.

357

358 TFEB, a protein that is considered the “master regulator of autophagy”, might also be a

359  target that would be safe to periodically overexpress throughout the body. Notably, gene
360  vectors may not be necessary for altering TFEB gene dosage. A company called Generian is
361 developing a small molecule inhibitor of the E3 ligase that degrades TFEB, which would
362  thereby boost its levels in our tissues. Perhaps overexpression of TFEB from a gene vector
363  would be more potent, however. In mice, TFEB can safely be overexpressed in the ventral
364  midbrain at least*8.

365

366 FOXN1 may also be a good target. FOXN1 overexpression has been shown to counter-act
367  thymicinvolution#?. I argue that this is because it increases cell division®? as well as

368  proteasome activity®!, which can partially compensate for declining autophagy efficiency
369  due to lipofuscin accumulation. Maybe TFEB overexpression in the thymus would yield
370  similar results. Perhaps the thymus accumulates lipofuscin much more rapidly than other
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371  organs because it is so metabolically active and thus its constituent cells need to divide

372  much more frequently to dilute out the lipofuscin.

373

374  Cancer:

375  Iflipofuscin removal is indeed such a potent rejuvenation therapy, our risk of getting

376  cancer would dramatically decrease. If you firstreceive (an extensive) lipofuscin removal
377 treatment at a very advanced age - your risk of getting cancer might be slightly higher, but I
378  think the biological age range that we can all achieve is 25-40, which is very low risk.

379  Cancer in that age group is possible, however, although it’s much more rare than in the

380 elderly (e.g. through essentially random metabolic errors or excessive sunlight exposure).
381  Notably, cancer is especially unlikely in young people who are unstressed, eat healthy,

382  exercise regularly, and do not get excessive sun exposure. Early detection of cancer is also
383  extremely beneficial; we can all have full body scans frequently.

384

385 T'have written two articles on the subject of cancer therapy about a novel approach, which I
386  call Oncolytic Vector Efficient Replication Contingent on Omnipresent Mutation

387 Engagement (OVERCOME)>253, OVERCOME, or a variation of it that I mention, may be

388  enough to cure cancer or at least effectively treat it without side effects in a way that can be
389  repeated indefinitely. It would be difficult to explain how it works exactly in this piece. But
390  you can read about the details here>233. Basically OVERCOME involves using an

391 intracellular microbe to detect mutations in a patient’s cancer that are ubiquitous

392 throughout their tumors - and respond by replicating within/destroying any cancer cell
393  containing the targeted mutations.

394

395  Itis perhaps possible that solid tumors will be overcome via other types of treatments like
396  immunotherapy or targeted therapies. In terms of immunotherapy, the problem I see is
397  that many mutations affect proteins that are internal to the cell, so they cannot be targeted
398  externally. Itis true that cells “present” a sample of the peptides inside of them to immune
399 cells for review, to ensure that they are destroyed if they are infected or cancerous.

400 However, cancer cells often downregulate the complex that they use to present their

401  internal peptides - in order to escape recognition by the immune system>*. Moreover,

402  some cancer cells may also downregulate production of the targeted external or internal
403  mutant protein to escape treatment - which can’t really be addressed from outside said
404  cancer cells. OVERCOME, on the other hand, involves using an intracellular microbe to

405  detect mutations - and mutant genes can be forced to produce their corresponding protein.
406

407  The success we've seen with CAR T-cells is because they can be used to eliminate entire
408  populations of white blood cells to destroy certain blood cancers, as these white blood cells
409  can be wiped out without killing the patient, but we clearly can’t do that with the cells in
410  solid tissues. Unfortunately, even if a protein is targeted by CAR T-cells that is normally
411  present on all B cells, for example, blood cancers can evolve to downregulate its expression.
412  That's why sometimes a patient’s blood cancer recurs after treatment with CAR T-cells®®.
413  The situation is even worse for solid tumors, as the microenvironment of solid tumors is
414  often quite complex immunologically and can shut down our white blood cells - although
415  researchers are working very hard to figure out how to bioengineer CAR T-cells to be

416  resistant to immunosuppressive effects. Of note, there was recently a very interesting
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417  clinical trial where all 18 rectal cancer patients went into remission after treatment with an
418  antibody against PD-156,

419

420  While targeted therapies can involve small molecules capable of crossing plasma

421 membranes and binding to intracellular proteins, it is still the case that cancer cell escape
422  variants will likely emerge - even when combinations of small molecules are used - as many
423  genetic pathways have a lot of redundancy. I am hopeful that new treatments for cancers
424  with various genetic/epigenetic signatures will be discovered - but it may be a slow

425  process, taking decades before many cancers can be treated. OVERCOME, on the other

426  hand, may be able to treat a huge number of cancers with just a bit of preliminary

427  bioengineering work.

428

429  Maybe in many cases eliminating the majority (i.e., not even the vast majority) of a patient’s
430  tumor cells is enough for your natural immune system to step in and finish the job and/or
431  devastating enough so that the remaining tumor cells are simply unable to continue to

432 proliferate after so much of the tumor or tumors have been decimated. But it is obviously
433 better to kill as many of them as possible. Without computerized microrobots and/or

434  nanorobots, one probably is never going to be able to eliminate every single one of a

435  patient’s cancer cells, even if multiple ubiquitous mutations are targeted and a potent

436  bystander effect is employed.

437

438  However, it also true that with immunotherapies like anti-PD-1 antibodies and CAR T-cells
439  you run the risk of the patient developing cytokine release syndrome and immune effector
440  cell-associated neurotoxicity syndrome; with targeted small molecules there can also be
441  serious side effects. While OVERCOME may initially require immunosuppression, which
442  has many negative side effects as well, eventually stealth microbes can be utilized in such a
443  way that there are essentially no side effects>7.8.

444

445  Overexpressing DNA repair and tumor suppressor proteins®%6%61 in our cells could help
446  stave off cancer until we develop computerized microrobots and/or nanorobots that can
447  eliminate/prevent cancer without fail. As [ mentioned earlier in terms of overexpressing
448  longevity proteins or underexpressing proteins that accelerate aging, it is not really

449  advisable to alter gene dosage or introduce new genes into our cells, but it may be a

450  necessary risk here if OVERCOME is not always curative or cannot even stave off death

451  from cancer in all cases. As an important sidenote, lipofuscin removal could potentially
452  help treat or even cure cancer in the elderly in some cases - at least in part by re-

453  establishing a healthy immune system.

454

455 Inreality, the best type of anti-cancer strategy aside from computerized microrobots

456  and/or nanorobots would be to pre-empt it entirely. Such an approach was conceived of by
457  Dr.de Grey. He calls it “Whole-body Interdiction of Lengthening of Telomeres” (WILT)®2. It
458 involves deleting the machinery required to lengthen telomeres in all cells in our body and
459  periodically reseeding our stem cells with similarly bioengineered cells. This would

460  essentially completely eliminate the problem of cancer. Unfortunately, aside from

461 telomerase there is another mechanism cancer cells can use to extend their telomeres,

462  called “alternative lengthening of telomeres” (ALT). It has been estimated that ALT is
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463  active in 10-20% of all cancers®3. One or more of the proteins involved in ALT may be

464  required for other critical cellular processes - so knocking them out of our cells may not be
465  possible. Another crucial issue is that reseeding stem cells in certain tissues at least may
466  not be particularly facile. Dr. de Grey, however, has pointed out that the more rapidly-

467  dividing stem cells like those of the skin, gut, and immune system seem easier to reseed
468  than stem cells that divide more slowly, like those in the brain and heart. (My delivery
469  system may help with reseeding - if bioengineered macrophages could carry a stem cell
470  inside them, detect niches, and deposit their cargo there, but I'm not sure.)

471

472  Perhaps we could knock out hTERT in all of our cells and install an intracellular bacterium
473  thatreplicates up to a small number inside our stem cells; they could dispense telomerase
474  periodically (when induced via exogenous small molecule). They could have many

475  mechanisms in place to ensure that their telomerase cannot be hijacked by the host cell.
476  Maybe just many redundant, inducible kill switches. But then we would have to re-“infect”
477  all of a patient’s stem cells again. The intracellular bacteria could use potentially use

478  molecular switches to detect mRNA or protein that indicate that certain ALT proteins are
479  required at that moment. That seems a bit difficult, but perhaps less so than reseeding
480  stem cells in areas like the brain.

481

482  Conclusion:

483  Finally, four other issues must still be addressed with regard to age-related disease.

484  However, in the next few hundred years we grant ourselves, they can be dealt with. They
485  are mitochondrial DNA mutations (as Dr. de Grey pointed out), nuclear DNA mutations,
486  nuclear DNA damage (as Ben Best, director of the Cryonics Society of Canada, has written
487  about®t), and dilapidation of the extracellular components of our bodies. Periodic

488  lipofuscin removal should help to reverse/stave off all of these issues. Additionally, there
489  are various stop-gap solutions and fundamental solutions to these issues. The first three
490  issues could be stalled by DNA repair protein overexpression, and there is perhaps a way of
491  stalling the fourth category as well - namely, by promoting extensive extracellular matrix
492  turnover more frequently than it occurs endogenously, in combination with more even
493  more frequent lipofuscin removal treatments than [ originally envisioned (i.e., once every
494  decade).

495

496  AsImention in my paper?, the elderly will likely need a more extensive first lipofuscin

497  removal session. When we do the first round of lysosome removal, we must wait for a

498  period of time for any cytosolic garbage to be sent to the new lysosomes and dysfunctional
499  mitochondria to be mitophagized, etc. Some of that material may prove to be indigestible
500 as well. Thus, we must do multiple rounds of removal potentially during an elderly

501  patient’s first treatment. Furthermore, we may wish to export their autophagosomes as
502  well as their lysosomes. Old autophagosomes may accumulate that were unable to fuse
503  with lipofuscin-laden lysosomes and were therefore sitting in the cytoplasm for quite some
504 time. If so, these old autophagosomes may have compromised outer membranes, and as a
505 result be unable to fuse even with new lysosomes when they are generated.

506

507  Also, I am a bit worried that some of the damage that has accumulated in the extracellular
508 matrix for example, may simply be irreversible without computerized microrobots and/or
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509 nanorobots, especially in the elderly, in which various areas have been left “untended” for
510 long periods of time. However, being healthier and hopefully happier would mean they

511  could more easily follow a strict diet. And with a lot of their physical frailty potentially

512 reversed, they could once again exercise vigorously (high intensity bursts) and reverse

513  some of the otherwise irreversible age-related damage that may have accumulated/stay
514  maximally healthy until we can fix the rest with computerized microrobots/nanorobots.
515

516  Reversing advanced atherosclerosis in the elderly, perhaps especially in terms of heavily-
517  calcified vascular plaque - could possibly be a bit more concerning than other forms of ECM
518 damage. Thatis because vascular plaques can cause stenosis and also rupture, potentially
519 leading to clots. (Foam cells are present in vascular plaques, but the definition of

520  extracellular matrix damage, i.e., damage to the biomolecular scaffold of our bodies, should
521  include the accumulation of normal or abnormal cells in areas that they should not be in. In
522  this case, they are not essential to move back wherever they originally came from/maintain
523  -like an untold number of macrophages in the blood vessel wall at a specific locale.) Diet
524  and exercise could help to greatly reverse such pathology. Of course, vigorous exercise for
525  the elderly will probably be much easier after an initial, extensive session of lipofuscin

526 removal. Temperature may also play a role in determining the extent of pathology caused
527 by atherosclerotic plaques - especially in terms of whether they rupture or not. Perhaps
528 many sessions of whole-body hyperthermia could help stabilize dangerous plaques or even
529  cause the regression of plaques®>.

530

531  Plaques could be treated by intravenously administering a wave of bioengineered carrier
532 macrophages full of magnetotactic®® bacteria to a patient - to be drawn into the plaque

533  areas via MRI®’. The carrier macrophages could locally secrete acid and enzymes that help
534  with the digestion of calcified tissue when they sense that they are near the plaque - like
535  osteoclasts. This digestion/decalcification process may have to be gradual in certain cases,
536  atleast, and concurrent with plaque phagocytosis - with constitutive, low-level secretion of
537 acid/collagenase/etc. or periodic induction. The magnetotactic bacteria would also escape
538 the carrier cells, enter foam cells, engulf their lysosomes®8, and then escape the foam cells.
539  Finally, they would be drawn magnetically to an (intraperitoneal) extraction point.

540

541  Finally, the carrier cells could be macrophages loaded with magnetic nanoparticles as well -
542  and phagocytose the plaque material in general. When they sense that they’'ve reached a
543  moderate level of “fullness” with indigestible®® or at least hard to digest garbage like

544  oxidized low density lipoprotein, they could migrate to an (intraperitoneal) extraction

545  point via magnetism. The ECM turnover approach for general extracellular cross-link

546  removal may help a lot here as well - i.e., endothelial cells and smooth muscle cells in

547  vascular walls could prevent the accumulation of various cross-links that may form during
548  atherosclerotic plaque formation. Finally, there is also always the eventual option of

549  xenotransplantation of porcine blood vessels or lab-grown blood vessel tissue if traditional
550  therapies and these approaches are not sufficient for atherosclerosis.

551

552 Mitochondrial DNA mutations should be the easiest to fundamentally address. Dr. de Grey
553  has suggested allotopic expression as a solution?. My delivery system could also be used to
554  deliver microbes that engulf old mitochondria and secrete new ones or at least new mtDNA
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555  -ifitcan be successfully delivered to pre-existing mitochondria in the target cell. While the
556 latter three issues might need computerized microrobots and/or nanorobots to fix

557  fundamentally, in the hundreds or even thousands of years of healthy life we can hopefully
558  grant ourselves with lipofuscin removal and stop-gap measures, I believe we can develop
559  such technology?°.

560

561  There are two final caveats. Clots and bleeds are unlikely in young, healthy individuals, but
562  canstill occur. The most clear solution in these cases is tissue engineering in vitro or

563  possibly xenotransplantation before tissue engineering biotechnology has advanced far

564  enough. Xenotransplantation may be more feasible earlier. However, these options are not
565 likely to be great solutions in the event of serious clots or bleeds in critical areas like the
566  brain, heart, or lungs. (For neurons, obviously large scale tissue replacement is not really
567 even feasible without computerized microrobots and/or nanorobots to reinstall synaptic
568 connections, etc.) For clots, perhaps my proposed delivery system could deliver genes to
569  all of our cells that ensure they do not undergo apoptosis when starved of nutrients and
570  oxygen, but rather enter into a more dormant state. When the situation reverses itself, they
571  could function normally again. For bleeds - we could bioengineer circulating white blood
572  cells to quickly patch up the leak, as well as bioengineer tissue-resident macrophages to
573  phagocytose red blood cells and general bloodstream biomolecules much more efficiently.
574
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