
CHAT SESSIONS (breakout rooms)

now avail on CVAS



Today’s Breakout:  everyone
1. Everyone must Chat in Room
Room’s 1-5 should do questions 1-5 respectively.

2. ROOM COLLECTIVELY SHOULD
- say why the RIGHT answer is right
- why each WRONG answer is WRONG
- add comments/questions/explanations

3. Chat-Leader needs to collect CHATS
- documents student participation
- AND discuss Room Outcome w/ class
- Room Members should ALSO chime in
- I will give a 3-min warning of Rooms-Closing

NBOA: Friday Chat:
stay tuned for Glossary Topic email
[should skim Glossary doc/book]

TUES RLA . . . Reflective Learning Activity

Ask for help any time: that’s my job!



What is Senescence?
Growing old?
Becoming demented?

“senile dementia”
Cellular Aging?

What causes Senescence?
cell aging is one thing
brain aging something else entirely!

(or is it?)

Have Notepad,
Will Learn

from:
Have Gun,
Will Travel

Take
no

Prisoners!



I will be adding to this document over the coming weeks.  These notes 
highlight the most essential Terms & Concepts of each SNCD Chapter 
and will be complemented by Exam Study Guide and some Practice 
Questions (some of which we will do as part of our regular RLAs).



Why cells Might Age:
genetic / DNA damage
protein and membrane damage
accumulation of debris
inflicted damage (e.g. inflammation)
ROS
lipofuscin Why cells Don’t Age:

protein turnover
DNA repair
proteasomes
SOD (superoxide dismutase)
other mechanisms

ROS = Reactive
Oxygen Species
DDR = DNA
Damage Response

Topics of General Aging: not specific to neurons, brains

Chapter 2 covers MUCH of this.  OVERLAP btw Chap2/slides is MOST TESTABLE!

Is this
Senescence?



Key Terms:
apoptosis = programmed cell death (protective, has limits)

vs. necrosis = direct damage-caused death
cell-cycle arrest = for division-capable cells only?
DDR = DNA Damage Response
Hayflick Limit = number of cell divisions before failure
post-mitotic = no longer dividing (many cells in body)
replicative-senescence = incapable of cell division
ROS = reactive oxygen species (+ more terms on topic)
SASP = Senescence Associated Secretory Phenotype
senescence = decline in cell (or professor) viability
shelterin = protein complex protects telomeres
telomerase = telomere AND life-lengthening enzyme?
what about: post-mitotic cells? 

HEADS-UP slide: we will see these again later...

This is a Pretty Good
START on this topic!



Key Players:  ROS, SOD, H202, diffusion,
Catalase/GPX, OH.radical, NOS, aldehydes

ROS
ROS

GPX = glutathione peroxidase
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From Mito. Turnover 
and Aging, 2010

PREVIEW:  Oxidative Damage by Reactive Oxygen Species (ROS) is the #1 suspect/culprit 
for causing protein, DNA and lipid damage.       Addressed in SEVERAL slide sets!

Looks busy, but
is elemental HEADS-UP slide: all these mechanisms eventually get covered



2017, Faculty 1000. on Canvas 

Senescent cells often suppress tumors, but our main 
use of this article is as a general review of cellular aging.

SASP = Senescence Associated Secretory Phenotype   
With age and cell divisions, telomeres grow shorter and cells lose 
capacity to divide (aka replicative-senescence) and begin to secrete up to 
40 signaling molecules/cytokines (aka SASP).  Reactive Oxygen Species 
(ROS) which damage DNA, including telomeres, can also elicit SASP. 

Telomere-shortening (with 
increasing cell age) and DNA 
damage (via e.g. ROS) elicit a 
senescence program (DDR) that 
serves to limit further cell 
division and inhibit nearby cells 
by paracrine / SASP signaling.

The SASP can inhibit tumors 
but might also enable tumor 
formation, depending upon 
specifics (outside our scope).

--it’s always good to read Abstracts--



2017, Faculty 1000

Senescence can be beneficial
- in wound healing and embryogenesis
- tissue homeostasis (maintenance) &

preventing tumorigenesis
.

BUT can be harmful via
- conferring “bystander” senescence
- aiding tumorigenesis

But WHAT is senescence?
- described as “triggered” by external

stimuli or inflicted “damage”, and…
- elicits signals that preclude further 

replication, precluding more “bad cells”
- ALSO equated with END of cell division
- BUT, what about healthy, non-dividing

post-mitotic cells?

Senescence is a GOOD thing?

This Faculty1000 PDF is provided as 
background. PDF per se is not testable.

ç but no references to in vivo senescence!



COMMENT: on “Text Boxes”

Screen shots from PDFs are aesthetically undesirable, and:
IN GENERAL: you can ignore everything inside these text boxes.
BUT: They do serve multiple purposes:
i. they ensure “fidelity of representation” [in my Summary Boxes]
ii. they provide background to help you understand my Summary Boxes
iii. they minimize need for additional reading in PDFs, yet they ALSO:
iv. provide reference to PDFs, pages for resolving issues, deeper dives 



2017, Faculty 1000

Oncogene-induced senescence is when 
oncogenes prevent further cell division 
e.g. in moles (skin?) and mouse models.

Senescence can also induce chromatin 
instability w/ histone deacetylation as well 
as mitochondrial mutations & dysfunction.  
Epigenetic Mech S.A. heterochromatic foci

Senescence Mechanisms

.

.

.

Absent telomerase expression telomeres 
shorten with each cell division, leading to 
DDR and metabolic reprogramming, including 
activation of “tumor suppressive pathways” to 
prevent further replication of faulty cells.
ç + “Genotoxic Stress”

Consequences of Senescence

Mitochondria & Aging: Great Uncertainty



2017, Faculty 1000Senescence is Multi-Faceted

When Senescing, cells will undergo 
changes in morphology, metabolism 
and transcription, and often secrete up 
to 40 factors (SASP), depending upon 
cell type and triggering stimulus. 

.

.

.

Senescence Surveillance ensues from 
paracrine signaling to neighbors and 
attracting immune cells which prevent 
tumors (note SCID mouse experiment).
.

Please Ignore the molecular alphabet 
soup of other items in this text box!

SASP = Senescence-Associated
Secretory Phenotype

technology beyond our scope

ChIP Sequencing revealed 
super-enhancers that contribute 
to SASP transcriptional profile. 



Defining Feature of Cell Senescence is DDR? 
Is Telomere Shortening essential for the DDR?

Great Summary!2014

PDF in Foundations Module

key terms: DDR, SASP, ROS, telomeres

ROS 101: Reactive Oxygen Species cause Oxidative Stress/Damage



p. 182 from
Essential Cell Biology
PDF under “Resources”

Spotlight on Telomeres

Cell Cycle: easy to copy most of chromosome, ends of chromosome are issue
Telomerase: enzyme that extends repetitive sequence at ends of chromosomes

Preceding Mitosis: S Phase: 



From Wikipedia.   Please donate!

The very tip of the DNA cannot be replicated (needs a base-pair primer)**
With each cell cycle, the tip (telomere) grows shorter
Telomerase adds nucleotides to the repeats at the end of the chromosome
If additions equal or exceed losses, telomeres remain healthy
This mainly concerns replicating cells. (?)  Important for Hayflick Limit?
Role of telomeres in CNS tissues is fuzzy (Boccardi et al., 2015, stay tuned)

ç Shelterin Complex
proteins that protect “free 
ends” of chromosomes

** For more, go to ECB, Purves, Wikipedia, etc.



Good Intro to senescence, telomeres, aging and molecular pathways

Is senescence a cell culture phenomena?  Morphology described in cultured cells.  Note that
senescence wards off cell cycle and apoptosis (but iPSCs return to cell cycle; see notes).
Many cell types show senescence with age and in disease e.g. diabetes, atherosclerosis, but 
it is uncertain if senescence is causal, protective or just correlated with disease state.

Telomeres, Stress & Inflamm, 2014

Debate: do healthy neurons metabolically 
resemble any kind of senescent cells or are 
they in a completely  unrelated state?



Telomeres, Stress & Inflammation, 2014

some Intro Highlights:  how cell-replication is 
ended is uncertain, but persistent activation of 
DDR and ROS production might entail a 
positive feedback loop, although the degree of 
ROS production must be limited in some 
fashion to preclude cellular self-destruction.  

Overexpression of Telomerase leads to cell 
immortalization, whereas as KO in mice leads 
to telomere shortening, uncapping (loss of 
shelterin) AND cell-cycle arrest AND apoptosis.
[Preceding combination is CONTRARY to what 
is claimed to happen in neurons: in neurons 
RESTART of the cell-cycle leads to apoptosis].

In general, telomere shortening destabilizes T-
loops è uncapping and DDR response.  

Skip details of Shelterin proteins.

p. 2

Are telomeres the only significant 
locus of damage with age?  What 

else might be damaged?



Telomeres, Stress & Inflammation, 2014
DDR Options:   [mechanisms uncertain]
i. transient cell cycle arrest followed by repair 
and resumption.
ii. permanent cell cycle arrest: possibly due to 
irreparable telomere damage?

Imaging DNA repeats shows long-lived damage 
foci at telomeres (more imaging below)

Double-Strand Breaks (DSBs in the chromosome 
proper) are reparable, but those DNA repair 
proteins are blocked at telomeres, because you 
might accidentally join chromosomes together!

The Level of DSB damage reflects the balance 
between ROS damage and repair, and can be 
more transient than telomere damage, but both 
can elicit DDR.

Genotoxic Damage refers to any kind of damage 
to our genes including radiation, chemical and 
molecular (e.g. wrong nucleotides).  Oxidative 
Stress, from e.g. ROS, is in this context a subset of 
Genotoxic Damage, but often referred to separately.

p. 2

- don’t memorize individual proteins above



Telomerase knockout (KO) mice with a homozygous  
deletion of the RNA component of telomerase show 
a progressive, generation-dependent telomere 
shortening, which results in: cell cycle arrest, 
apoptosis (any CNS effects?).  This limits stem cell 
functions, regener., organ homeostasis & lifespan. 
T. shortening è ↑ uncapping è DDR and
transient or permanent arrest

irreparable T. damage è permanent cell cycle arrest
PI-Kinase cascade è p53 è mitoch. è “DDR on”

p. 3

Note that NHE is use to repair chromosomal 
Double Strand Breaks.  At the end of the 
chromosome (telomere), the DNA “looks like” 
a DSB, but we do not want to join it to another 
chromosome!  Shelterin on telomere seems to 
inhibit the NHE machinery. end of p. 2



Both G-DNA and T-DNA signals  feed into p53 / mitochondrial ROS pathway which = Molecular Switch, 
another kind of Positive Feedback loop that keeps itself turned  (analogous to  CamKinase switches)

NOTE DIFFERENCES
btw 2 kinds of DNA 
re: repair potentials

seems weird that a 
cell is injuring itself 
just enough to stop 
dividing but not 
enough to kill 
itself…imho How is damage sensed?

How is ROS production ↑?
How is ROS ↑ capped?

unknowns:

options: check back in 
10 years OR become 
an expert!

also triggers: SASP = senescence associated secretory phenotype



i.e. transient

accumulate on the promoters of cell cycle genes!

p. 3 Telomeres, Stress & Inflammation, 2014
The Short and Long of It

Genotoxic Damage and Senescence
.

i. 50% of damage found in “genomic” regions
i.e. the coding and regulatory regions of the 
c’some; the telomeres are at the very tips.
.

ii. short–lived damage foci are found in 
constant numbers. if repaired, some cells 
recover and re-enter cell cycle.  Long lived foci 
are associated with enduring DDR/senescence.

iii.  genotoxic damage can include DNA 
mutations and other forms of damage
.

iv. Heterochromatic foci are DAPI stained DNA 
aggregates with histone deposition- this 
seems like an “epigenetic” process, entailing 
long-term regulation of genes.



ROS = Reactive Oxygen Species

great set of ROS references, effects.*

p. 3 Telomeres, Stress & Inflammation, 2014

*

RAS, BRAF, p53, p21 or p16 all increase ROS.

ROS and the DDR
.

DDR is both caused by ROS and generates
ROS (see Figs. 1 and2).  Elevated ROS might 
shorten telomeres, induce senescence but 
contradicted by some results. 
.

page 4, 5: ROS signaling and actions
mitochondrial ROS è DNA damage
senesc. proteins è NADPH oxidase, ↑ROS
BUT role of p53, p21 in ROS generation is
“still not well understood”,  although RNAi 
knockdown of them decreases ROS.

The ROS çè DDR signaling loop persists 
even in irreversible, deep senescence.

DQ: why would mitochondrial
inefficiency increase ROS?



*

e.g. NADPH
oxidase

*new* ALL 3 MODELS: damage, signal, ROS, DDR!



DQs: How can (C) a positive-feedback loop of ↑ing ROS “stabilize” a cell?
How certain are we that in vivo cell aging = f(telomere length)?

How likely is telomere shortening to contribute to cognitive aging?

Is this two
models
or one?

Model B is a replica of Model A, but with feedback loop of “ROS generation” added

self note: could simply present NBOA “facts”, leave it that, but it = academic malpractice 



shown that senescent fibroblasts can stimulate 
hyper-proliferation of cancer cells.

ROS, stems cells, DDR, SASP 
and inflammation will all be 

reprised when we tackle AlzD!

p. 5

Autocrine = self-signaling
Paracrine = “Hi Neighbor”

signaling, both via:
ç SASP molecules
“contradictory roles” of the 
SASP response are noted

From Senescence to ROS

Telomeres, Stress & Inflammation, 2014

Are Neurons eliminated
by this process?

Open Research Topic!



p. 5SASP from fibroblasts can…

Telomeres, Stress & Inflammation, 2014

- Synergism between SASP & DDR maybe?
but mech. “not entirely understood”.  

- NFkB has pleiotropic effects.
- Progeria is really weird; no CNS effects.



Development
of Senescence

Phenotype

NF-kB is central player in 
+ Feedback DDR maint and

more: see Notes below! 

Molecular Summary: key DDR/SASP proteins are: p53, p21, p16* and NFKB

arrest

DDF = DNA damage foci

KEY summary of
KEY CONCEPTS

senescence associated secretory phenotype



Is this TRUE?  [that Cell Senescence 
plays a substantial role in aging]  

If so, is it involved in 
neurodegeneration?

Telomeres, Stress & Inflammation, 2014

implicates = suggests?]



Key Terms:
apoptosis = programmed cell death (protective, has limits)

vs. necrosis = direct damage-caused death
cell-cycle arrest = for division-capable cells only?
DDR = DNA Damage Response
Hayflick Limit = number of cell divisions before failure
post-mitotic = no longer dividing (many cells in body)
replicative-senescence = incapable of cell division
ROS = reactive oxygen species (+ more terms on topic)
SASP = Senescence Associated Secretory Phenotype
senescence = decline in cell (or professor) viability
shelterin = protein complex protects telomeres
telomerase = telomere AND life-lengthening enzyme?
what about: post-mitotic cells? 

self-test these and explain to friends!

This is a Pretty Good
START on this topic!



In-Class Poll / Attention Check
Please “chat” your preferred answer
-- your answer is not graded, but this is welcome class participation!

Please chat the FULL ANSWER, not just the letter:

1. In regards to the biggest cause of Cognitive Decline, I would say it’s:
a. DNA damage
b. aging proteins
c. neuroinflammation
d. disconnection syndrome
e. lack of exercise
Please reply RIGHT AWAY!  ANY answer is totally fine!  

The GOAL is to quickly get a response from all participants.  
Chat Answers count as written assignments / class participation points.

upcoming RLA: Upcoming slides will provide sufficient info to answer these 
questions.  Each breakout room will do one question (Room 1- Q. #1, etc.) and 
say why each answer is right or wrong.  Everyone must chat and Chat Leaders 
will (i) collect chats by end of Room and (ii) go over question with class. 



SNIPPETS from 4 ABSTRACTS
- no need to fret about fine details from the next 4 abstracts
- each makes a main point re: telomeres/senescence/brains

if it seems like I am pulling a bunch 
of diverse items together to try and 
make sense of things…



2017 - J. Alz. Disease

WITH AlzD: Cell-Cycle Re-Entry is observed AND can lead to Apoptotic Cell Death

But if my neurons are so sick, why 
am I still lecturing?  disability?

Super-Agers!

is or can?
which is it?

but
not a
jerk!

more
later

in vitro?

ABS #1 



Slow and Fast Neocortical Oscillations in the Senescence-
Accelerated Mouse Model SAMP8.  Castano-Pratt et al: 2017

Mouse Model shows Alz-like
pathology & cognitive decline
- documented in SAMP8 strain

Cortical Oscillations impaired;
relates to Alz EEG signature.
Roles in Attention, Cognition,
…but speculative.
Longer DOWN states, slower
EEG spectra è Cogn Slowing

[documented in mice?]

SAMP8 genetics not known
- these are ~mouse “lines”
- strains arise naturally 

mouse model’s relevance?

ABS #2 

Does this have 
ANYTHING to do 
with DDR, SASP?



2017. Experimental Gerontology

NON-Neuronal Signs of Senescence: during aging AND Alz. D

SEE FIGURE – NEXT SLIDE

“SUGGESTS”

What are “SASP-expressing cells of non-neuronal origin”?  Glial Cells!  
Specifically “reactive glial cells aka “gliosis”

ABS #3 



2017
Chinta et al.

SASP
cytokines
chemokines
proteases
growth factors

Nice Overview: Impacts of Non-Neuronal Senescence on Neurons

Parabiosis
is really
weird!

è 5 cell types!



Wikipedia Primer
Cytokines are a broad and loose category of small proteins (~5–20 kDa) that are important 
in cell signaling. Their release has an effect on the behaviour of cells around them. It can be 
said that cytokines are involved in autocrine signalling, paracrine signalling and endocrine 
signaling as immunomodulating agents.  Cytokines 
include chemokines, interferons, interleukins, lymphokines, and tumour necrosis factors but 
generally not hormones or growth factors (despite some overlap in the terminology).  They act 
through receptors, and are especially important in the immune system. Some cytokines 
enhance or inhibit the action of other cytokines in complex ways. They are different from 
hormones, in that hormones circulate in less variable concentrations .They are important in 
health and disease, specifically in host responses to infection, immune 
responses, inflammation, trauma, sepsis, cancer, reproduction.

Interferon-alpha, an interferon type I, identified in 1957, interfered with viral replication.[4]
In 1969 Dudley Dumonde proposed the term "lymphokine" to describe proteins secreted from 
lymphocytes and later it was understood that these were part of a broader class of proteins involved in 
self-defense, and should be called "cytokines".

they can be classified into four types: 
The four-α-helix bundle family:  IL-2 subfamily, interferon (IFN), IL-10 subfamily.
the IL-1 family, which primarily includes IL-1 and IL-18; 
the IL-17 family,  promoting proliferation of T-cells that cause cytotoxic effects.
the cysteine-knot cytokines include members of the transforming growth factor beta superfamily, 
including TGF-β1, TGF-β2 and TGF-β3.

CYTOKINES: is this CELL BIOLOGY or IMMUNOLOGY?

Cytokines are diverse protein 
signaling molecules.

https://en.wikipedia.org/wiki/KDa
https://en.wikipedia.org/wiki/Cell_signaling
https://en.wikipedia.org/wiki/Autocrine_signalling
https://en.wikipedia.org/wiki/Paracrine_signalling
https://en.wikipedia.org/wiki/Endocrine_signalling
https://en.wikipedia.org/wiki/Chemokine
https://en.wikipedia.org/wiki/Interferon
https://en.wikipedia.org/wiki/Interleukin
https://en.wikipedia.org/wiki/Lymphokine
https://en.wikipedia.org/wiki/Tumour_necrosis_factor
https://en.wikipedia.org/wiki/Hormone
https://en.wikipedia.org/wiki/Growth_factor
https://en.wikipedia.org/wiki/Growth_factor
https://en.wikipedia.org/wiki/Cell_surface_receptor
https://en.wikipedia.org/wiki/Immune_system
https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Sepsis
https://en.wikipedia.org/wiki/Interferon_type_I
https://en.wikipedia.org/wiki/Cytokine
https://en.wikipedia.org/wiki/Helix_bundle
https://en.wikipedia.org/wiki/Interleukin_2
https://en.wikipedia.org/wiki/Interferon
https://en.wikipedia.org/wiki/Interleukin_10
https://en.wikipedia.org/wiki/Interleukin_1
https://en.wikipedia.org/wiki/Interleukin
https://en.wikipedia.org/wiki/Interleukin_17
https://en.wikipedia.org/wiki/Transforming_growth_factor_beta_superfamily
https://en.wikipedia.org/wiki/TGF_beta_1
https://en.wikipedia.org/wiki/TGF_beta_2
https://en.wikipedia.org/wiki/TGF_beta_3


Stella Victorelli and Joao Passos, 2017

V&P suggest that telomere shortening DOES NOT occur in neurons, but suggest that 
in any aged cells, telomeres can sense stress AND contribute to cellular senescence.

Does Telomere SIGNALING affect ALL CELLS?

What does Replicative Senescence really mean?

ABS #4 



Sophia: part of an army of new care-giving robots.  
Rolling off Hong Kong assembly lines now.  By Hanson Robotics.

https://www.reuters.com/article/us-hongkong-robot/makers-of-sophia-the-robot-plan-mass-rollout-amid-pandemic-idUSKBN29U03X

Who will take care of US when we get old?

Sophia: what could go
wrong?  #WestWorld


