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[ Apoptosis ]

Ucc | rearranged the information in this sheet ,so don't be confused when you listen to CCU
the record. | hope it'll be a very easy and clear sheet.. Good luck doctors ©

* -Introduction il

H **Apoptosis is a programmed cell death, it isn't a passive process, rather it's an active H
| process by which the cell commits suicide, that means the cell spends energy to die. !l

**Apoptosis happens normally because of the biological clock which is represented by
I the telomeres, actually apoptosis happens after a certain number of cell divisions as the ]
” telomeres in that cell become short and reach a critical length that can't accommodate ;U
H further divisions . sometimes, apopstisis happens as a result of mutations in a certain H
. parts of the genome (in oncogenes, to be specidic) where the cell realizes that it’s going J
through transformation, the cell tries to mix mutations and slow down the division but
I then realize the only option it has is to go through apoptosis. |

H **Apoptosis also might happen through the cell life when the cell gets injured. One of H
” the injuries that we are concerning about in this chapter is DNA damage represented ;U
H by mutations in proto-oncogenes and tumor suppressor genes that are beyond repair H
. and may be the cause of the transformation of that cell into a cancer cell .So what is J
happening here is that the cell commits suicide and sacrifices itself for the benefit of
. thetissue thatitisin. |

H ** The cell doesn't go into apoptosis unless It fails in repairing the damage .One of the H
. most important proteins that play a critical role in the repairing process is P53. ]

. **As P53 s activated by other proteins that sense the DNA damage, it will immediately I
. stop the cell cycle by activating CDK inhibitors "like p21", then it will activate DNA ]
. repair enzymes and give them a while to repair the damage. ]

L OH|f they fail, so the damage is beyond repair and that can lead to a cancer ]
‘T transformation so P53 decides that this cell has to go into apoptosis by activating Bax ‘“ﬂ
H (proapoptotic protein). H

) 1
. Lecture # 25 - |



% Medical Committe
‘ ‘ The University of Jordan

S
CORRECTIOM
teai

H: (NOTE:

P53 activates directly many proteins(Bax,CDK inhibitors....etc) by being a

I transcription factor of them, so it activates them at the gene transcription level not

~

| at the protein level.

L\

H DNA
damage

Activation
of p53

l *activating DNA repair enzymes

Repair the

damage and back
to normal

P53 will induce
the apoptosis by
activating BAX

*stop cell cycle by activating CDK inhibitors

~ **There are 3 phases of apoptosis (because It's such a serious decision between live

. and death, so the cell has to be sure when taking such a fateful decision) .

l 1)Initiation of apoptosis (whether it is an external signal or internal event

I that’s so severe that it caused the cell to think about apoptosis).
I *external signals
| -by the death ligand which binds to the death receptor.

I *internal events
l - Affecting mitochondrial integrity (O2 deprivation, radiation, ...etc)
- Extensive DNA damage

| Lecture # 25
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i 2)Signal integration phase : by Bcl-2 family i
I e s ]
I iy Al ya H

]
PoON ]

(‘_,.: 3 . . .
\,‘-"Q@Imagme that after an external signal or internal event happens, the members of Bcl-2 i

| protein family are sitting and discussing the apoptosis, half of them are with and the other 1l
| half are against. Whoever prevails will lead the cell, either to the excusion phase or to stop )

- that and say that the cell is capable of repairing the damage.
| Actually that doesn't happen in the cell, instead each one of them whether it is |

i proapoptotic or anti-apoptotic will do its function. Whoever is more active and can prevail in
U a practical way will determine the fate of the cell. H

e 2 ]
; < 22 ]
H: {/\\i 1 '@?‘v CCU
c 1 [ LU
: !
: !
UC“ !
i | L) & ]
) 3)Excusion phase a)Y) si 145 4ls 14 (by caspases) ]
: ]
U - They’re cysteine proteases that cleave the peptide bond next to H
|
|
|
|

I polypeptide that covers the active site, like pepsinogen, trypsinogen ]

| aspartate residue.(This is how they cut and where they cut)

-They are found as procaspases/ zymogens ( inactive form with an extra

etc.) and need to be activated (by cutting this extra polypeptide) to do “
H their proteolytic activity. H
| ]
I -There are two types of caspases: Il
| ]
I #initiator caspases (the two main ones are procaspase 8 and Il
I procaspase 9) ]
| J
I Cleave other procaspases |
I |
I |
| |
Ucc Other initiator H
Execution procaspases |

Ucc procaspases :
Uc "Autocatalysis" ]
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i Which cleave other cellular proteins involved in maintaining of cellular I
I integrity, actually they will damage the cell. I

@ S

‘ Cell-extrinsic Cell-intrinsic ‘ ‘

‘C pathway [/ l I/ J Death ligand pathway <
2 A~

Hc Caspase—8
‘T Caspase-10

Nature Reviews | Cancer

**The mitochondrial integrity pathway to apoptosis(a

I response to an internal event) |

“ **An internal event "initiation phase" will damage the mitochondria and H
H cause release of cytochrome c then members of Bcl-2 family "signal H
I integration phase" will help in release of cytochrome c or prevent that |
depending on the severity of the damage.

ﬂ% **The release of cytochrome ¢ from mitochondria to the cytoplasm H
i (important member in electron transport chain that is loosely bound to ]
| outer surface of inner mitochondrial membrane). ]

| **When cytochrome c presents in the cytoplasm, it will eventually bind I
I to Apaf (pro-Apoptotic Protease Activating Factor) to form a complex Il
| called "APOPTOSOME" which cleaves procaspase 9 and converts it into )|

I an active caspase 9 which in turn activates excusion procaspases 7
I "excusion phase". ]
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First stage of apoptosome formation

Apaf-1

cytochrome C

Recruitment of
procaspase-9

% procaspase-9

Caspase Activation

** Why the cell has chosen the mitochondrial integrity as a parameter
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of the severity of the damage whether it is repairable "the mitochondria ]]

will stay integer" or irreparable "the mitochondrial integrity is damaged

and apoptosis is induced"?

Because the mitochondria is such a strong organelle found within the

cell (double membrane/small/compact), so it isn't easy for the

mitochondria to get damaged . When it is damaged, that means there is i

a severe condition and the whole cell is in danger because if that
happens to a strong organelle, so what will happen to the other
organelles which are weaker!!
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**How the cell can know that the mitochondria has lost its integrity and ]

is damaged ?

Actually that happens by release of cytochrome c as an indication of
losing the inner mitochondrial membrane integrity.

Lecture # 25
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) **The death receptor pathway to apoptosis (external signals) i

I **The classical example to understand the external signal is the Il
following :

A virus infected the cell and that virus is causing a lot of troubles, but
I that cell isn't even aware that there is a virus in it. Fortunately the J
“ immune cells (cytotoxic T-cells) recognize the changes on the surface of ;U
H the infected cell, so they give that cell an external order to die. H

H **The death ligand is on the surface of cytotoxic T-cell, so when this H
I immune cell recognize a viral infected cell by identifying some changes ]
H on the surface of that cell, it will bind its death ligand to the death H
U receptor on the surface of the infected cell (the death receptor is called H
| that because it can activate apoptosis), that will recruit an adapter ]
H protein FADD which eventually activates procaspase 8 and procaspase H
| 10 (procaspase 10 in the latest edition of the book ) ,the activated one |
will cleave the other and activates it . As they become activated
U: (caspases 8 and 10) ,they will start to cleave execution procaspases ]C\
” (3/6/7) , so they will become activated caspases and will cleave cellular ;U
H proteins and causing damage to the cell. H

I **Caspase 3 has the ability to cleave a Bcl-2 proapoptotic protein (Bid) I
I and convert it into (tBid) which activates the mitochondrial integrity ]
I pathway >>t means truncated (cleaved). i

H **So activated tBid will go and intentionally cause damage to the I
H integrity of mitochondria forming holes in it and cause release of H
I cytochrome c to enhance the decision of apoptosis, then cytochrome c J
I will leak from the inner membrane and bind to Apaf and form Il
I Apoptosome which in turn cleave procaspase 9 and convert it into |
i caspase 9. Caspase 9 can then cleave the execution caspases. H

ﬂ% **As we can see there will be 3 initiator procaspases working in extrinsic T‘
H pathway to apoptosis ( 8,10 and 9 ). H

) 1
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**Note: ‘T‘

Bid is found in the cell as an inactivated form (like caspases), once it's ]
truncated it will be converted to an active form. |

**Bcl-2 family proteins J

**The Bcl-2 family members are decision-makers that integrate ]J
prodeath and antideath signals to determine whether the cell should ]
commit suicide or not .
**Half of them believe that they can rescue the cell and have a hope i
that the damage will be repaired, the other half are just so excited about ]
killing the cell :p |
**Bcl-2 is antiapoptotic protein, but it was the first one to be discovered I
so they named the whole family with its name I

;Pw}giﬁgc:d:\ﬂ\em\Jbaéﬂjd}iw H

Yable 18.3 Bcl-Z2 Family Membes = e

i S
A T S A

Anti-apoptotic CH
Bcl-2 cﬂ
Becl-x &
Bcl-ww H

Proapoptotic H
Channel Forming &
Bax H
Bak &
Bok |

Pro-apoptotic CH
BH3-Only ‘ﬂ
Bad c

$

Bid 3 H
Bod/Bim |
Roughly 30 Bgcl-2 family mern_bers are
known. These proteins play tl§sue—spe > z
signal pathway—specific foles in (egulat:ng apoptosis. H
The tissue-specificity is overlapping. For examplc_a. ]
Bcl-2 is expressed in hair follicles. kidney, small intes- 4
tines, neurons, and the lymphoid system, whereas H
Bcol-x is expressed in the nervous systerm and J
hematopoietic cells. H

= <
currently H
cific as well as

** antiapoptotic proteins i
Bcl-2 /Bcl-w /Bcl-x H
They have at least two ways of antagonizing the death signals: Il

1)They insert themselves into the outer mitochondrial membrane to 1
antagonize channel-forming pro-apoptotic factors and close the holes, :jj
thereby decreasing cytochrome c release. |
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2)They may also bind to cytoplasmic Apaf so that it cannot form the I
apoptosome complex when there is a little bit release of cytochrome ¢ ]]
from the mitochondria. |

**pro-apoptotic proteins i
They are divided into two groups: i

1- Channel forming proteins: they are channels that can insert themselves Il
in the mitochondrial membrane (outer membrane because cytochrome |
cisin the intermembrane space and loosely attached to the outer H
surface of inner mitochondrial protein) , so they make holes in the ]]
outer membrane facilitating the release of cytochrome c. They do that ;U
by the help of BH3-only proteins which dimirize with them and facilitate i
the insertion of those channels into the outer mitochondrial |
membrane.

Bax (which can be activated directly by P53 as previously mentioned)/ ]
Bak / Bok H

2-BH3- only proteins
**They aren't channel forming, they don't form channels. i
**At the structural level, they share some homology with the channel ]
forming proteins in one domain out of 4 domains that channel forming i
proteins have and the name of that domain is (BH3),so they are smaller H
than channel forming proteins. ]
Bad / Bid /Bod(Bim) H

They basically have two functions: i
1) They dimirize with the channel forming proteins and facilitate the H
insertion of them in the outer mitochondrial membrane ]

2) They inhibit antiapoptotic proteins by removing them from the outer !
mitochondrial membrane when they are trying to close the holes. i
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i Let's illustrate this figure to make things clearer: i
ﬂ ﬂ
Stimulus
HC grow!h factor deprivation CH
‘ ‘ 1 r::;oi;ctiiin ‘ ‘
ﬂ% Chemotherapeutic drugs Anti-apoptosis Apaf/Bcl-X; (inactive) ccﬂ
ﬂ? Bel-X, H
ﬂcﬂ (Bé:g)-OﬂW < Mitochondrion Apa:f C( aspaiep::)losome ccﬂ
‘C[ -Ql E"_//o"o o cyclochrome C :j
H Pro-apoptosis H
‘T Fig. 18.16. Roles of the Bel-2 family members in regulating apoptosis. Bel-2, which is anti- cﬂ
1 poptotic, binds Bid (or 1Bid) and blocks formation of channels that allow cytochrome ¢ K
H dease from the uulo(hnnd.riu Dcath signals result in ;IL’li\'il.liUll of a BH,\-unl__\' protein such H
A ~ Bad. which can lead 10 mitochondrial pore formation, swelling, and release of cytochrome c. K
H Sad Binds to and activates the membrane ion-channel protein Bax. activating cytochrome ¢ H
H roelcase, wihich binds 1o Apal and lcads 1o formation of the apoptosome. H
4 There is a damage in the cell and that damage causes holes in the
‘T mitochondria. Bcl-2(anti-apoptotic) comes and tries to close those holes H
l to prevent the release of cytochrome c also if there is a bit release of J
| L . : . |
- cytochrome c to the cytoplasm it binds to Apaf and inactivate it to
I prevent binding of Apaf with cytochrome c and the formation of ]
i apoptosome. Bax (pro-apoptotic) is doing the opposite, it inserts itself in
I the mitochondrial membrane and causes the release of more i
l cytochrome c. Bid (pro-apoptotic) has a dual function, it tries to remove ]
; Bcl-2 and make the holes even larger, other function of Bid is to bring
I the Bax and encourage it to insert itself in the mitochondrial membrane Il
L as a channel protein to release more cytochrome c. So at the end
I whoever prevails will determine the fate of the cell. i
I . . . . |
i A question was asked in section one about the function of BH3-only I
I protein as we took a different mechanism of its action with Dr. Mamoun )|
| . . o . |
- in cell biology and the doctor answered that question in section two <3,
i so here is what the doctor said : ]
| |
I There are 3 different mechanisms explaining the action of BH3-only |
s protein, 2 of them are important:
c‘% . CC‘c
: -Displacement model
I : . : L . ]
°°= Bax (channel forming anti-apoptotic protein) is held by the Bcl-2(anti-
i apoptotic protein) then BH3 will come and bind to Bcl-2 and cause the 1
| release of sequestered Bax from the grip of Bcl-2. ]

) 1
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H domain and it's the domain that is bound to Bcl-2 protein ;U
) -The other model - ]

| Bax is free in the cytoplasm, but it needs to be dimirized with BH3-only ]
I protein to be activated and inserted in the mitochondrial membrane. I

H In away or other BH3-only protein is important of activation of Bax. H

H There is no regular way to name the proteins in molecular biology. The discoverer of the H
| protein can name it according to his name, his pet name or as abbreviation of the protein's ;H
function. When another one discover other protein that has a homology with the first one,
U he will call it in a similar way to make them one family. Example : 1) Bad /Bax/Bod (Bim) 2) ]
U southern blotting "which is a method used for detection of a specific DNA sequence" is ]
UCC named related to its discoverer Sir Edwin Southern, later on others change a little bit in the ;U
Ucc technique and called the new methods northern and western. As you can see It's a joke :p CCU

H In JAK/STAT pathway, there is a protein called JAK which was discovered before the H
Ucc discovering of the whole pathway. JAK is a tyrosine kinase, the discoverer of that protein ccU
decided to name it as "Just Another Kinase" because there are several tyrosine kinases within
U: the cell. Later on, others discovered the importance of that protein in JAK/STAT pathway and ]
H the relation of that pathway to many cancers, so they decided to give it more valuable name ]

H that reflexes its function of controlling many signal pathways which is "Janus kinase". Janus is H
Ucc the roman god for gates and doorways. CJJ

) ]
| Lecture # 25 l Il
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**Cancer cell bypass apoptosis 1

**The critical point here is that cancer cells won't go into apoptosis, I
different cancer cells have different ways to bypass apoptosis.

**When the cancer cell manages to activate some oncogenes and
inactivate some tumor suppressor genes, it will start proliferating in a J
high rate, but the problem now is with apoptosis which can be induced ;U
by the high rate of consuming the telomeres or by P53 which activates i
Bax. |

**Cancer cell has always the solution, for the problem of telomeres ]
most of them can activate telomerase, others cut the link between the H
telomeres and the proteins that measure the length and tell the cell H
about it, each cell has its own way to prevent apoptosis. ]

**A special case in bypassing apoptosis

Some cells are growth factor dependent for survival, once it is deprived
of that growth factor, apoptosis will happen. Note that not all cells are 1l
growth factor dependent. ]

DAY Lany g aclaiil Jla 8 gay g aila JSE elall 2 ling Lgiary LS LAY Jaas J
Adla o jhad acUaiil JS5 Y g JAY ause (e 4l zling i

- e.g PDGF/Akt/BAD pathway: ]

**A continuous supply of the PDGF (platelet derived growth is needed ]
for the survival of the cell. ]

When PDGF binds to its receptor (PDGFR), PDGFR will pass the message J
to PI-3 kinase, which in turn causes the phosphorylation of PIP2 to I
become PIP3, that's will make Akt to bind to PIP3 and be activated (Akt )|
is a kinase when it is activated ), Akt will phosphorylate Bad>> Bad is H
inactive when it's phosphorylated >> apoptosis won't occur . I

**When something serious happens to that cell, it will be deprived of ;U
the growth factor, so the proapoptotic Bad will be active (as it isn't !
phosphorylated) and induce apoptosis. I
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I **So when this cell is becoming a cancer cell it will try to become I
H growth factor independent by many choices of mutations: ;U

“ 1) mutation in the extrinsic part of the receptor that prevents the ;U
i release of the growth factor after it binds. i

I 2) mutation in the intrinsic part of the receptor to look like the active i
H form even when there isn't a GF bound to it. H

I 3) Activated mutation in PI-3 kinase to be constantly active. ]

| 4) Activated mutation in Akt will make it continuously active ]
‘T independent from the upper cascade that leads to its activation. H

ﬂc‘ In a way or other BAD will be continuously phosphorylated and inactive, H
l so apoptosis won't occur. ]

| **Cancer requires multiple mutations: |

**4-7 mutations are required for full transformation of a normal cell into
I a cancer one, some textbooks say 5- 10 mutations. Anyway several i
l mutations must be there to cause cancer. )|

“ **Imagine the possibility of the normal cell that want to be a cancer cell H
H to mutate genes which are only 25% of our genome (not a non-coding H
| regions) ,and the possibility of it to mutate a specific gene of the 25,000 J
genes that we have (proto-oncogene or tumor suppressor gene not any
I other genes), and the possibility to mutate that gene in one of the exon ]
| regions (not introns ), and mutate that exon in a region that activate the ]
I proto-oncogene and convert it into oncogene while inactivate tumor i
H suppressor gene. These are specific parts of the genome that can turn H
. the cell into a cancer one. ]

**1t's just like winning the lottery 7 times in your lifetime. The doctor is
I telling us about the lucky guy who won the lottery twice in England ]
“ couple weeks ago and they calculated the possibility of happening such ;U
H thing, the number was 1 in 2 hundred billion chances!! :0 H

) ]
| Lecture # 25 ll Il
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**Depending on that, Epidemiologists aren't convinced about the very i
small possibility of getting the disease and the high prevalence of it: ]

1) The oncogenic stress that we are exposed to is very high (oncogenic |
stress: is the amount of carcinogens that we are exposed to from i
air/food/radiations/chemicals/phones/microwaves/nose....etc), so the H
number of mutations is huge. I

2) There is a theory which tries to explain that called "Clonal i
expansion theory" I

This theory tells us that the 7 mutations that are needed by the normal ]
cell to become a malignant one don't all happen in the same cell; when a Il
normal cell is hit by a mutation, it will start to proliferate in a higher rate |
and becomes 10 cells, then one of those cells will be hit by another H
mutation so there will be 2 mutations in it which increase the potential ]
of proliferation so it will become 100 cells, then one of the 100 cells is ;U
waiting for a third hit of mutation and becomes 10,000 cells and so on i
until the malignant cell is formed. |

3) Even that, some people weren't convinced because of the high )|
prevalence of cancer (1 in every 1500 persons here in Jordan and 1 in H
every 1350 in developed world), therefore there is another theory which H

is "cancer stem cells theory".

This theory says that not any cell can be transformed; only stem cells i
have the ability to be cancer stem cells. ]

Stem cells are more proliferative than other cells, they are in continuous |
division and the oncogenes are already active there because they’re
needed for division so the possibility of accumulating mutations and ]J
transforming is more and easier. ]

38 5 i yaall L35 L (cancer=caa)ila Led uay Jead (e 43 & pain sall Jiis |
aall aall & 43313 jw Y 5 (any cell in the tissue) Slal (i dme ge (Say g 1
Jsl G i Led i a5 (Y13l Y Apile L ok AT (stem cell) dxila s |
ol sall ladie juaiide ol Joasi b aal g i ) 5 0 s ue 5 el I
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Cancer epidemiology

In Jordan:
**breast cancer by far is number one
Then comes lung and colon cancers then prostate and leukemia's.

**lung cancer is increasing in females because of the increasing number
of smokers between them.

**There is a big misunderstanding between people even doctors about
smoking, some people say that his grandfather has smoked for 40 years
without having lung cancer and his friend who didn't smoke had a lung

cancer at the age of 20 and died!!

**Actually these are exceptions and by this example he won't have the
evidence as the studies that are conducted on thousands of smokers for
long periods of time and concluded that smoking increases the risk of
lung cancer by ten folds.

** 4 weeks ago, a study was published in "Nature" or" Science" indicates
that chance is more important than carcinogens, healthy lifestyle and
diet. The doctor was really shocked by this study and said that not all
published studies are correct, that will need more studies in the future
to prove that.

**So far healthy lifestyle, healthy diet and quitting smoking will help ©
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