
 

 

 

 

 

 

 How do cells gain immortality? 

By Telomerase: An enzyme that extends the ends of chromosomes (maintains telomere* length).  

 

*Telomeres: Repeated sequence of DNA that protects chromosomes, it’s located at their ends. 

 Normal somatic cells have a finite number of replications, 60 or 70, after that they will no longer 

replicate.  

Every time you replicate your DNA, the telomeres get shorter till they are too dangerously close to the 

coding part of your DNA where it normally signals senescence. 

 

Put in mind that  

 Telomeres are non-coding.  

  Senescence: permanent exit from the cell cycle / the cell no longer replicates unless you extend 

the telomeres. 

Please make sure that you differentiate between Telomerase (the enzyme) and Telomeres (the 

sequence) 

 

 

 

Different telomerase activity among your body cells: figure1 

Unlike your somatic cells, germ cells & stem cells have telomerase activity, they maintain their telomere 

length because you use stem cells to maintain your tissues unlike your somatic cells, but your stem cells 

also have a limited number of replications, unlike germ cells that seem to have an unlimited number of 

replications 

However, cancer cells that arise either from stem cells or somatic cells frequently have, not all of them, 

the majority of them have reactivation or re-expression of telomerase, so when you have reactivation of 

telomerase you’re going to increase the length of telomeres, these cells are going to continue to 

replicate, they have gained immortality.  

IMMORTALITY: 



 

senescence and cancer figure2 
In cancer we want to stop senescence . 

Which protein induces senescence? 

 P53.  

So when the telomeres get very short the DNA repair machinery recognizes them as double stranded 

DNA breaks. P53 along with ATM senses this double stranded break as DNA damage and they signal 

these cells to be senescence cells i.e. they no longer replicate. 

However, cancerous cells frequently inactivate P53, they frequently have P53 mutations or deletions 

where they either express a damaged P53 or no P53 at all.  

 

Remember, all cells have the genetic material required, so it is all a matter of opening this genetic 

material and expressing the mRNA from DNA.  

 
 

So what’s going to happen? Figure3 

 In the absence of P53 there’s going to be a last-ditch effort by the cell to try to repair what it thinks is 

DNA damage, it’ll do this by joining the ends of non-homologous chromosomes because their telomeres 

are too short, so you end up with weird chromosomes, this is nonhomologous end-joining, and it’s not 

ideal.  

When this happens, you’re going to try to pull these chromosomes apart (segregate them), one of two 

With every division the cell 

telomere length reduce , but 

cells with high telomerase 

activity can over come this.  

 

cells with high telomerase 

activity : 

1) Germ cells  

2) stem cells  

3)cancer cells (not always )  

 

cells with low telomerase activity 

: 

4) somatic cells 
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When telomeres are too short 

P53 induce senescence (the cell 

stop proliferation). 



things is going to happen:  

1. Complete mis-segregation, where both chromosomes (the whole complex) go to one cell, so one cell 

has more chromosomes than it should and the other cell has one chromosome less → genomic 

instability.  

2. We’re going to induce a new DNA break and that DNA break isn’t necessarily where we did the non-

homologous end-join, it could be anywhere in the chromosome (inside a gene, inside a promoter, etc.) 

so one cell could have extra genetic material and the other cell could have less genetic material. 

 So we’re inducing new mutations. 

 

 The cycle repeats itself → random mutations → natural selection. This is called the bridge-fusion-

breakage cycle. 

 

So you’re detecting short telomeres as a break, you fuse these chromosomes and you could potentially 

be breaking them apart again inducing mutations. Now, if you induce that an enough number of times, 

you should reach a point where these mutations are going to be lethal, this is going to result in what’s 

called mitotic catastrophe, cancers don’t want that to happen, they want to exit the break-fusion-break 

cycle after they have accumulated the mutations that they need 

. 

Now this accumulation of mutations is the theory of how cancer progresses, this bridge-fusion-breakage 

cycle is part of the genomic instability that results in the various mutations that cancers can accumulate 

and the characteristics that cancer needs to get bigger, invade and metastasize.  

In order to leave this bridge-fusion-breakage cycle before mitotic catastrophe, the vast majority of 

cancers will over express or reactivate expression of telomerase, once that happens, ends of 

chromosomes, whatever these chromosomes are, no matter how abnormal they look, will have 

telomeres added to them and the cancer can now continue to replicate. Cancers overcome mitotic 

catastrophe by:  

1. Activating telomerase (the vast majority).  

2. Activating other types of DNA repair pathways (a small minority).  

 

 Remember that this happens in the absence of P53, if P53 is there → senescence. That’s it, that’s how 

cancers gain immortality 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What are the steps of angiogenesis? Figure4 

 1. Vasodilatation  

2. The pericytes separate  

3. Migration of endothelial cells  

4. Proliferation of endothelial cells in the tailing edge (filling the gaps).  

5. Fibroblasts remodel the ECM.  

The figure is quiet comprehensive ..but I’ll try to explain it more: 

1: Normal cell  

2: normal cell has replicated (50-70) times = its telomeres are very short now.. now to scenarios are possible : 

3a : P53 is not mutated then the cell enter senescence  and stop replicate. 

3b : P53 is mutated then the cell enter [non-homologous end joining pathway ]  

* : the 2 ends join this detected as a Double stand break  then  

4: many cycles of Bridge-fusion-breakage occur ,, the cell scape these cycles by one of these outcomes: 

A: Mitotic catastrophe ( if telomerase did not function)  

B : cancer ( if telomerase did function)  
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ANGIOGENESIS 
ORTALITY: 

Figure3 



6. Maturation…. THIS IS THE ONLY STEP THAT IS NOT GOING TO HAPPEN HERE!!  

 I.e. angiogenic vessels that are produced in response to cancer signals will be abnormal (leaky, dilated, 

haphazard connections). 

 

 
 

 Functions of this hallmark :  
1. Perfusion supplies the needed oxygen and nutrients. Figure5 

2. Newly formed endothelial cells stimulate the growth of adjacent tumor cells by secreting growth 

factors such as:  

I. Insulin like growth factor (IGF). 

II.  PDGF  

III.  Granulocyte-macrophage colony-stimulating factor (GM-CSF). 

 

 

3. Metastasis. 

 

 

 
 

Notes: 

 The growth factors required for angiogenesis are the same growth factors that cancer uses to 

proliferate, migrate, invade and metastasize. So, the more blood vessels you have the more likely you 

metastasize (you’ve got better access). For blood vessels, we are talking about sarcomas, that doesn’t 

mean carcinomas don’t go through blood vessels but more sarcomas do so more frequently. The limit of 

Figure4 
Angiogenesis is 

a multistep 

process  

-stick to the 

text with 

regard to the 

steps  

Angiogenesis promote 

growth of cancerous mass.. Figure5 



cancer diffusion is 1-2 mm.  

so almost all tumors, benign or malignant, that can be detected will have induced angiogenesis.  

 

 You can’t detect tumors that are 1-2 mm, they are too small 

 

 

 Angiogenic switch: figure6 

 
Early in their growth, most human tumors don’t induce angiogenesis. They remain small or in situ for 

years until the angiogenic switch terminates this stage of vascular quiescence.  

 

 The molecular basis of the angiogenic switch involves increased production of angiogenic factors and/or 

loss of angiogenesis inhibitors. 

 These factors may be autocrine or paracrine (produced by macrophages or stromal cells associated with 

the cancer). 

 Proteases are also involved in regulating the balance between angiogenic and anti-angiogenic factors: 

 

1- They release the angiogenic basic fibroblast growth factor (FBF) from the ECM. (Induces 

angiogenesis)  

2-  They produce three potent inhibitors by cleavage (Inhibits angiogenesis): 

 1- Angiostatin, produced by cleavage of plasminogen.  

 2-Endostatin, produced by cleavage of collagen.  

 3- Vasculostatin, produced by cleavage of brain angiogenesis inhibitor-1. 

 

 (The book says that it’s produced by cleavage of transthyretin, which is wrong). 

 

 The synthesis of another inhibitor called thrombospondin-1 (TSP-1) is induced by p53, and p53 

is frequently absent or mutant in cancers, so that means one of the inhibitors of angiogenesis is 

absent, so we’ve tilted the balance towards angiogenesis. Remember that certain growth 

factors are stored in your ECM for times when you need them in repair. When you start cutting 

up the ECM to reorganize, you release some of these growth factors, like fibroblast growth 

factor, this is one of the growth factors that when released not only induces fibroblast 

migration and proliferation, it also induces angiogenesis, further tipping the balance towards 

angiogenesis.  

 



 

 

 

Tumors that grow fast have a necrotic core (not enough blood supply), which means that the 

area which isn’t necrotic but near the necrosis is hypoxic. The hypoxic area is going to induce 

vascular endothelial growth factor (VEGF), thereby further tipping the balance towards 

angiogenesis. 

 

How exactly is VEGF induced? Figure7 

 

 Through the activation of hypoxia inducible factor 1α (HIF-1α), an oxygen sensitive 

transcription factor.  

 

 Under normoxic conditions i.e. plenty of oxygen, Von HippelLindaue protein (VHL) identifies 

and sends HIF-α for degradation i.e. it signals for ubiquitin to be added to HIF.  

 

 Under hypoxic conditions, VHL cannot identify HIF because of the lack of oxygen, HIF enters 

the nucleus, and along with other transcription factors and they make a transcriptional complex 

that induces the transcription of VEGF. 

 

 Now VEGF also induces NOTCH activity production. 

 (Depending on the epigenetic context, NOTCH can induce proliferation or inhibit proliferation, 

Figure6: Angiogenic switch  

Activators>>Inhibitors 



also, depending on which cell NOTCH is active in, it will induce different things, in keratinocyte 

it induces p21 and stop the cell cycle, in T cells it induces MYC). 

 Here, it induces branching and angiogenesis.  

 

 

VHL syndrome 

 VHL is a tumor suppressor gene, mutations of its gene are associated with 

pheochromocytomas  

(the book also mentioned hereditary renal cell cancers, hemagiomas of the central nervous 

system, retinal angiomas & renal cysts), you get carcinomas. 

 This is the VHL syndrome. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

x,smc,xm  

A: In Normoxia , HIG-a recognize VHL and send it to ubiquitin-protease pathway to get degraded.. 

 In Hypoxia  

1: VHL is not recognized by HIF-a >> it act as a tumor suppressor and induce VHL syndrome (indicated as “ * “ ) 

2: HIF-a act as a transcription factor and induce some gene expression (like VEGF)  

3: NOTCH activation  

4: more and more angiogenesis  
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This is all about common sense!                                                                                          

How do cancer cells invade and metastasize?                                                                     

Let’s go through the steps assuming it’s an epithelial tumor:                                 

 

 

  Vasodilate, degrade the basement membrane, intravasate to the blood vessel 

or the lymphatic vessel. Now the cancer cells are IN the blood vessel.  

                                                                                              s:They need to evade from WBC

 Most cancer cells circulate as single cells, certain cancers will produce millions of 

cells that are shed into the blood supply i.e. they overwhelm your immune 

system.                                                                                                                                              

 The minority of cancers will circulate as an embolus i.e. a bunch of cells that are 

clotting around some platelets or platelets surrounding them and that means the 

INVASION & METASTASIS 

 Epithelial to mesenchymal transition.                           

 Loosening of intracellular junction. Cancer cells   

are moving away from the surrounding cells.                       

 Degradation of the basement membrane.                     

 Degradation of the ECM.                                                 

 Migration. Here, cancer cells have reached the 

vascular basement membrane. 

Figure 1 



cells that are on the outside will be vulnerable to attack, but those on the inside 

are safe from attack. 

SUMMARY:                                                                                                                                  

You are a transformed cell, you expanded, you induced angiogenesis, a metastatic 

sub-clone was able to degrade the basement membrane, degrade the interstitial 

matrix, get through the vascular basement membrane, intravasate the blood 

vessel, avoid white blood cells either by circulating alone or in clumps, then you 

are able to reach your destination, extravasate, grow by inducing the stroma and 

induce angiogenesis. [Figure 5-27 Robbins] This cascade can be subdivided into 2 

phases: invasion of the ECM & vascular dissemination and homing of tumor cells.  

========================  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Now let’s look at each one of the steps in detail:  

 

 

. cadherin function is lost in almost all epithelial cancers-E -[1]  

                                 

 

We said that we are going to move away from the cell surroundings, so which 

protein is frequently lost in epithelial tumors? E-cadherin (it usually acts as an 

intercellular glue), through:                                                                                                   

i. Mutation of E- cadherin.                                                                                                      

ii. β-catenin activation. 

                   

   If you have over-expression of β-catenin or you have abnormal APC (a protein 

that regulates intracellular levels of β-catenin) or E-cadherin is not there to hold 

β-catenin (β-catenin binds to the cytoplasmic portion of E-cadherin) , β-catenin is 

Invasion of the ECM (4 steps) 

 

 

 

 

Figure 2 

Figure 3 



going to go to the nucleus and activate various proliferation factors [figure 5- 24 

Robbins] as well as the already named master regulators (TWIST & SLUG) that 

further reduce E-cadherin.  

Another thing that happens when you reduce E-cadherin is that you lose the 

signal that sends merlin into the nucleus (which normally inhibits oncogenic 

signalling) this means that you are going to proliferate (you are going to induce 

transcription of these oncogenes) because merlin is no longer receiving the signal 

from E-cadherin. So you’re inducing proliferation.  

=======================  

                    Degradation of the BM basement membrane/IMinterstitialmatrix:  -[2] 

                                  

 

You are going to start degrading the basement membrane and the interstitial 

matrix, ECM degradation products can act as chemotactic factors and can act as 

growth factors for WBCs or fibroblasts.                                                                

Unfortunately, cancer cells also see them as chemotactic factors and growth 

factors, so because of this re-modeling, you are going to release some growth 

factors like the FBF we mentioned in angiogenesis, so you are inducing 

angiogenesis.                                                                                                                   

These ECM release products could be chemotactic, they could be angiogenic and 

they will stimulate growth.  

How do you do this? By overexpression of metalloproteases, remember MMP-2 

and MMP-9 are frequently overexpressed in cancers that have a high metastatic 

capacity.  

Figure 4 



                                                                                                                                               

In cancers, you over-express MMPs and down regulate TIMPs, massively tipping 

the balance towards ECM degradation, rather than just re-modelling.  

======================  

  .Changes in attachment of tumor cells to ECM proteins -[3] 

                                    

 

So, what happens when you degrade the basement membrane? You get ECM 

degradation products, which would normally be attached to integrins found on 

the surface of epithelial cells. Should that attachment change, where now 

degradation products are attached to the integrins, the signalling through 

integrins will change, this will induce cells that are not on a proper basement 

membrane to apoptose, because you want to clear out the damaged area & close 

up everything, then allow healthy cells to proliferate and close the gap.                 

From repair lectures:                                        

You have a balance between degradation 

and remodelling, so when you express 

MMPs you also express, to a certain level, 

tissue inhibitors of metalloproteases 

(TIMPs). 

Figure 5 

Figure 6 



                                

Cancer cells, rather than apoptosing, have inactivated their apoptotic pathways, 

and rather than receiving that signal to die, they receive that signal as migrate 

because they are not dying. So not only are they resistant to apoptosis, they’re 

also migrating.  

=========================  

. Migration -[4] 

 

 

Because this is a paracrine factor, that means the cancer cells are not producing 

it, they are inducing the surrounding stromal cells to produce 

it.                                         

o So when I ask you about glioblastoma multiforme and I tell you that 

glioblastoma multiforme is very invasive because of? You don’t tell me it produces 

hepatocyte growth factor and scatter factor, no, it induces the surrounding 

stromal cells to produce these paracrine factors.  

Now, you are going to migrate, you are going 

to use autocrine factors, cytokines (where 

you have the receptor and produce the 

ligand), or mostly you are going to use 

paracrine factors (hepatocyte growth factor 

and scatter factor), they are very important 

in repair and frequently used by cancer, for 

example, glioblastoma multiforme, a very 

invasive brain cancer. 

Figu
re 7

 

Figure 8 



In addition, ECM degradation products and growth factors like ILGF 1 &2 have 

chemotactic activity for tumor cells.                                             

Now, you reorganize the cytoskeleton (mostly made from actin) to change the 

shape of the cell.  

 

 

 

 Not all cancers go to their anatomical locations, why?                                                             

1. Depending on the stroma, whether we have a permissive stroma or not.                        

2. Cancers use the same chemokines & the same adhesion molecules that WBCs 

use to get to where they need to go in inflammation and 

repair.                                                   

For example: breast cancer cells produce certain chemokine receptors (CXCR4 & 

CCR7) and go to where these chemokines (the ligands) are found. Or they will 

produce adhesion molecules and go to where these adhesion molecules are 

expressed and this explains a lot of the anatomical variation of cancers. 

Vascular dissemination and homing of tumor cells 

 Extravasation of tumor cells 

involves adhesion to the vascular 

endothelium followed by egress 

through the basement membrane 

into the organ parenchyma by 

mechanisms similar to those 

involved in invasion. 

We have reached the blood vessel, 

we are going to follow the 

anatomical distribution of blood 

vessels and reach the first capillary 

bed.                                                      

 For the systemic circulation, we 

are talking about the lungs.                

 For the portal circulation we are 

talking about the liver. 
Figure 9 



Should the cancer cell reach a stroma that is not cooperative (and remember, 

most cancer cells depend on the stroma to proliferate, migrate, extravasate, 

move, grow), what is going to happen to this cancer cell? They frequently become 

dormant, this is called cancer dormancy.  

 This occurs frequently in the bone marrow among other organs, where the 

stroma is not permissive to the cancer. However, the cancer cell is not 

metabolically active and not proliferating.  

How to detect a cell that is dormant? Very difficult, you can’t with the current 

treatments that we have. The current theories say that these dormant cells could 

cause recurrence after you think you have completely eradicated a cancer.  

That is why there are two types of disease survival curves of cancer.                                  

1. Overall survival curve i.e. how many patients have survived after a certain 

period of time.                                                                                                                              

2. Disease free survival i.e. how many patients have not had cancer recurrence 

after a certain period of time.   

Unfortunately when a cancer recurs it is going to be worse than the original 

cancer, which is explained by natural selection:                                                             

You have exerted massive external pressure on the original cancer cells, some die 

off, others adapt. The ones that adapted or the dormant cells have received all 

the signals and just don’t care, that means that when the cancer does recur it’s 

very frequently much worse, much more aggressive & much more treatment 

resistant, because through natural selection, you have pushed the cancer cell to 

become very resistant to all the treatments that you’ve already tried the first 

time, so recurrence is a very bad thing. 

How do you become a metastatic cell? For the most part, we have been talking 

about the somatic mutation theory where you have a clone and then that clone 

proliferates and then some sub-clone gains a mutation that makes it more 

movable, more able to degrade the ECM, more able to evade the immune 

system.  

However, there is holes in that theory, should you take two breast cancer patients 

(whether you talking about primary or metastatic) and you sequence the genome 



of their cancer cells, you frequently find the same mutations, whether this cancer 

has metastasized or remained primary, how do you explain that?  

Now enters the tissue organization field theory, where there is a continuing 

conversation between the cancer cell and the stroma. This unlucky patient, even 

though she had exactly the same mutations as another breast cancer patient, she 

came to metastasis because her stroma is different than the other patient’s 

stroma.  

 So remember, it is not all the cancerous cell, it is not all the parenchyma, stroma 

plays a huge role.  

Experiments have been done where you take a very metastatic cancer out of its 

permissive stroma, put it in another stroma that you know to be non-permissive, 

according to the somatic mutation theory we expect it to metastasize, however, it 

didn’t.                                                                                                                 So, have the 

mutations been gained early on or did they come over time? The question has not 

been answered.  

When you become clinicians, you cannot predict where a cancer will metastasize 

to!                                                                                                                                        

Evaluate the patient as a whole, look for the common things, but do not forget 

that you cannot accurately predict where this cancer will end up, you do not want 

to forget a metastatic locus when you are treating a patient.    

END of the third hallmark      
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