بسم الله الرحمن الرحيم
Genetics,lec.9                                                Cancer Genetics

All cancer diseases have genetic background; caused by genetic abnormalities at the level of cells, DNA & chromosomes…so Today we are going to talk about the genetics of tumors & gene expression in this kind of disease..

-Cell Growth: Cancer is a disease of the cell cycle.

-Cells in the body are "programmed" to develop, grow, differentiate, and die in response to a complex system of biochemical signals.
-Environmental signals include: Growth factors, steroids & cell-cell interaction.

In response to these signals, cells might:-
     1. Divide and go in to mitosis.

     2. Develop and differentiate.

     3. They might die (Apoptosis).

     4. Cells might also become stagnant; remain still & don't respond at all.

   Any genetic defect or abnormality results in loss of control of cell growth & aberrant cell proliferation.
-Control of the cell cycle:

During proliferation & growth, cells are under the control of Checkpoints; Cell cycle checkpoints are used by the cell to monitor and regulate the progress of the cell cycle. They prevent cell cycle progression at specific points, allowing verification of necessary phase processes and repair of DNA damage. The cell cannot proceed to the next phase until checkpoint requirements have been met.

Several checkpoints are designed to ensure that damaged or incomplete DNA is not passed on to daughter cells:

  1. G1/S check point; ensures that everything is correct & ready for DNA synthesis.

  2. G2/M checkpoint; ensures that the cell is ready to divide and enter mitosis.

  3. Apoptosis check point; Has Survivin1 accumulated??if so..mitosis and cell division occur .

  4. DNA damage checkpoint; Has DNA been repaired..??

   Abnormalities occurring at the level of these checkpoints leads to overgrowth of cells and eventually tumors.
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1.Survivin is a member of the inhibitor of apoptosis (IAP) family. The survivin protein functions to inhibit caspase activation, thereby leading to negative regulation of apoptosis or programmed cell death. This has been shown by disruption of survivin induction pathways leading to increase in apoptosis and decrease in tumor growth. The survivin protein is expressed highly in most human tumors and fetal tissue, but is completely absent in terminally differentiated cells, Survivin expression is also highly regulated by the cell cycle and is only expressed in the G2-M phase.
-Regulation of cell division by signal transduction:

a)Stimulation of cell division induced by growth factors:
  1. Growth factors bind to specific receptors on the cell's membrane.

  2. The signal is transduced into the cell And relayed to the nucleus.

  3. Transription (promoted by transcription factors) & activation of specific genes.

      4. Production of proteins that stimulate cell division.

b) Inhibition of cell division induced by growth inhibiting factors ( same mechanism as the stimulation).
   Any defect or abnormality that occur at any step, starting from binding to receptor, signal transduction, Transcription and the activation ofgenes..Result in production of abnormal proteins and defected cell growth.
-Tumors are CLONAL expansions:
 -Monoclonal origin of cancers:  The theory about the monoclonal origin of cancer states that in general neoplasms arise from a single cell of origin. While it is possible that certain carcinogens may mutate more than one cell at once, the tumor mass usually represents progeny of a single cell, or very few cells. A series of mutations is required in the process of carcinogenesis for a cell's transition from being normal to pre-malignant and then to a cancer cell. 

-Most changes in cellular metabolism that allow cells to grow in a disorderly fashion lead to cell death. However once cancer begins, cancer cells undergo a process of natural selection: the few cells with new genetic changes that enhance their survival or reproduction continue to multiply, and soon come to dominate the growing tumor, as cells with less favorable genetic change are out-competed(undergo apoptosis).
-Mutations & defects:
     Abnormalities and defects are detected at different levels:DNA level, Biochemical reactions& production of abnormal proteins & Chromosomal aberration that could be either unique or common.

Types of mutations: 

-By effect on structure:
1. Gene mutations that could be a result of: deletion and point mutation in coding sequences, leading to the production of hyperactive proteins made in normal amounts.

2. Gene amplification: that result in the overproduction of normal proteins.

For example:Hypergammaglobulinemia ;which is a condition that is characterized by the increased levels of a certain immunoglobulin in the blood serum,caused by gene amplification but is not a tumor.

3. Chromosomal aberration or rearrangements:

  A. Defect in a nearby regulatory DNA sequence causes normal proteins to be overproduced.
B. Fusion of previously separated genes can occur as the result of a translocation, interstitial deletion, or chromosomal inversion& leads to the production of hybrid genes and eventually Hybrid (abnormal) proteins. For example: Burkitt's lymphoma which is associated with a chromosomal translocation of the c-myc gene, &Abl-BCR fusion gene1.
C. Numerical mutations: Polyploidy or Aneuploidy (abnormal number of chromosomes).
D.Structural mutations including: insertions, deletions, inversion, rings, isochromosomes..Etc.
E.Loss of heterozygosity: Loss of the normal function of one allele of a gene in which the other was already inactivated. (For example-extra just for further understanding-: after an inactivating mutation in one allele of a tumor suppressor gene occurs in the parent's germline cell, it is passed on to the zygote resulting in an offspring that is heterozygous for that allele. In oncology, loss of heterozygosity occurs when the remaining functional allele in a somatic cell of the offspring becomes inactivated by mutation. This could cause a normal tumor suppressor to no longer be produced which could result in tumorigenesis).
These chromosomal abnormalities lead to an increased tendency to develop certain types of tumors and malignancies.

-By inheritance ability:

  In multicellular organisms with dedicated reproductive cells, mutations can be subdivided into Germline mutations; passed on to descendants, & Somatic mutations; Can't be transmitted.
Causes of mutations:
As you know Environmental caused cancers form 85% of the cancers while hereditary form about 15% of all reported cases of cancer.
-Environmental signals (associated with cancer) : viruses, tobacco smoke, food, radiation, chemicals, & pollution.
-There are 2 classes of mutations: spontaneous mutations and induced mutations caused by mutagens..
    a. Spontaneous mutations: due to normal chemical reactions or natural radiation.

    B.Induced mutations: caused by chemical compounds & Radiation (physical).

 Also, there are mutations caused by viruses including (HPV, EBV, Hepatitis B & C & Retroviruses).
 These Mutagenic events cause: Depurination, Double strand breakage, Single strand breakage, Dimerisation & cross linking between newly formed strands.
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1.Abl-BCR fusion gene is caused by Translocation, in which parts of two chromosomes, 9 and 22, swap places, Abl gene on chromosome 9 to a part of BCR gene on chromosome 22.this kind of abnormality is associated with Chronic myelogenous leukemia (CML).

- Some cancers are caused by single genetic abnormalities (translocations, deletions...Etc.) & end up with malignancies such as; malignant lymphomas & sarcomas... & others are caused by multiple genetic alterations (mutations, loss of heterogenisity...Etc.) & lead to the induction of carcinomas & malignant melanomas.
-Genetic Lesions in tumors (as written in slide 18 ):

  - Activating or inactivating mechanisms.
  - Dominant, Recessive, or dominant negative(autosomal dominant type of inheritance but with no clinical symptoms). 

  - Somatic or germline (types of mutations, mentioned above).

  - Genetic targets: 
Oncogenes ( promote cell growth and dvision); autosomal dominant type of inheritance.
Tumor suppressor genes (discourage cell growth or halt cell division to carry out DNA repair);autosomal recessive type of inheritance.

Mismatch repair genes ( fix problems that arise during DNA replication when bases are incorrectly paired ); mutations n these genes are associated with increased risks of cancer.
- Genetic mechanisms of tumors (slide 19):
-Gene deletions, Amplification.
- Mutations (insertional, point mutations).

- Genetic instability (microsatellite instability, Chromosomal instability).

-Genetic Inactivation : (slide 20)
   Caused by Genetic changes( inactivating mutation, Interstitial deletion), Or by Epigenetic changes; It refers to functionally relevant modifications to the genome that do not involve a change in the nucleotide sequence. Its the layer of information that is stored in the cytoplasm or the nucleus; it doesn’t include the DNA, it involves proteins surrounding the DNA or within the cytoplasm (proteins might be synthesized in a completely normal way but changes can occur within their structures whether primary, secondary or tertiary, that are controlled by organelles within the cells NOT the DNA), chemicals that surround and stick to the DNA or Histones(core protein, that might have a regulatory function)..
 Examples of such changes are DNA methylation and histone modification, both of which serve to regulate gene expression without altering the underlying DNA sequences.

 -   Epigenetic changes:
   DNA methylation:

      - Addition of methyl group to the DNA, mostly at CpG sites in the promoter region, to                convert to convert cytosine to 5-methylcytosine, heavily methylated areas tend to be less           transcriptionally active.
    -Genes that have been recorded to be regulated by CpG hypermethylation include; Tumor         suppressor genes, Cell cycle related genes, Mismatch repair genes, Hormone receptors &          tissue/cell adhesion molecules.

     For example: Tumor suppressor gene p16 (located on Chromosome 9,p21) methylation,            Retinoblastomas have been directly correlated to hypermethylation. 
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 Note: Remember that mutations can occur in Somatic cells(occur after birth, not controlled, Sporadic "affecting only the individual"), or occur in germline cells ( inherited mutation,10-15% of cases, &                                      usually require a second somatic mutation).
-Genetic Targets:" Types of genes that might mutate to cause cancer"

1. Tumor suppressor genes(P16,P53).

2. Oncogenes.

3. DNA repair genes.

4.Telomerase.

5. Loss of heterogenisity.

Tumor suppressor genes:
1.p53 gene :
   - Most commonly mutated gene; 50 % of total.

   - The "Guardian of the Genome". it has many mechanism of anticancer function,& plays a           role in apoptosis & genomic stability.
   - It works through several mechanisms:

         a. Control cell growth, by working as a transcription factor(in the slides: to activate                      expression of p21, which inhibits CDK/G1 cyclin) to halt the cell cycle.              

         b. Activates DNA repair proteins.

         c. Triggers Apoptosis if damage prove to be irreparable.

 When p53 mutates, DNA-damaged cells are not arrested in G1 and DNA repair does not take place. This failure to arrest DNA-damaged cells will be repeated in subsequent cell cycles permitting other mutations to accumulate, culminating in neoplastic transformation... tumor formation and cancer.

2. Retinoblastoma gene:

    - is a tumor suppressor gene that is dysfunctional in several major cancers, one function of        pRb is to prevent excessive cell growth by inhibiting cell cycle until the cell is ready to              divide.     
    - pRb is active in the hypophosphorylated state, carries out its role by inhibiting cell cycle         progression.

   -phosphorylation inactivates pRb; when its time for a cell to enter S phase, complexes of            CDR & cyclins phosphorylate pRb inhibiting its activity, & it remains that way through out      S,G2 & M phases.         
              (Refer to slide 43 & look at the picture for better understanding…)

3.BRCA1(Ch.17) & BRCA-2(Ch.13):

   -Tumor suppressor type of genes.

   - They are associated with specific tumors, mainly Breast cancer. 

   -Autosomal type of inheritance, low penetrance level (doesn’t show many clinical                            symptoms).
   - Different mutations have been recorded; Missense, Nonsense & Splice-site mutations.
     -BRCA-1 & BRCA-2 genes are very important in diagnosis & treatment procedures,to find       those who are at risk .. (if a patient had breast cancer, its wise to check BRCA-1 & BRCA-2      genes in the rest of the family to detect any mutation or defect).  

Proto-oncogene:
  - Mutations include structural mutation(chromosomal translocation, inversions & insertions),      gene amplification.

   These mutations convert proto-oncogenes to oncogenes & induce the production of tumors.
  - For example: Retroviral insertion can alter proto-oncogenes & produce tumors.

  - Examples of Oncogenes: Burkitt's lymphoma; involve the translocation of c-myc gene (on        chromosome 8) t(8:14). & Chronic Myelogenous leukemia, that involves BCR-Abl hybrid         gene t(9:22).
  -As you know growth factors GF such as platelet derived GF,nuclear transcription factor..Etc     regulate cell growth & differentiation by binding to Receptors(erbB)                 signal                 transduction through the membrane(protein kinases & ras proteins)                   Transcription     and activation of genes by nuclear transcription factors(myc,fos..)           
  - On the other hand, Proto-oncogenes & oncogenes products: Growth Factors(sis,hst), GF            receptors (like erb B),  signal transducers(as Ras GTPase),cytoplasmic oncogenes & nuclear     Oncogenes (myc& fos..).
You can notice the similarities between types of GF's for differentiation, & the products of proto-oncogenes & oncogenes……& that ensures their role in promoting cell growth.

(Note: everything between brackets in the last 2 points are written in the slides but the dr. didn’t mention them, I think they are just there for the purpose of comparison, so don’t memorize them..:) )
     Mismatch repair genes:

  -Mutations include; base pair excision, nucleotide excision, recombination repair genes or          mismatch repair genes
-Here's a Comparison between,Oncogenes, Tumor suppressor genes &  DNA repair genes(copied from the slide,no.33)..:)

Telomerase activity: Telomerase is the protein and enzyme complex that adds telomere sequences to the ends of chromosomes.

-Presence of telomerase and telomeres allows cells to pass a cell cycle checkpoint and divide.

-Telomerase activity & cancer: With the activation of telomerase, some types of cells and their offspring become immortal, that is, their chromosomes will not become unstable no matter how many cell divisions they undergo, thus avoiding cell death as long as the conditions for their duplication are met.(plz refer to the pic in slide 40.)
Loss Of Heterogenesity: loss of normal alleles during division of cells.

Examples: (starting from slide no. 55)

  - Cancer is a multistep process; a single mutation is not enough to induce a tumor, while it might result in an abnormality or a defect but it wont produce tumors..

  -Preneoplasia: production of benign tumors that could convert or turn into malignant tumors       in the future, for example: Adenomatous polyps                      Colon carcinomas.
 Tumors are not invasive in the beginning but could invade nearby :   -Non-invasive neoplasia
Tissues then metastasize to other places if not treated.      

  -Invasive cancer.
  -Metastatic cancer.
-Inherited cancer genes:

  1.RET proto-oncogene and multiple endocrine neoplasia
  2.Retinoplastoma
  3.Familial Polyposis Gene (APC)  
  4.Hereditary nonpolyposis colon cancer (HNC)  
  5.Breast Cancer Genes (BRCAI, BRCA2) 
   6.P16 Familial Melanoma
  7.Neurofibromatosis type-1
  8.P53 gene
The RET proto-oncogenes:
  - mainly found in the thyroids,but mutation in RET proto-oncogenes can result in multiple endocrine diseases.

  -Loss-of-function mutations in the RET proto-oncogene can produce Hirschsprung disease, a disorder of embryonic development. 

  -Germline gain-of-function mutations in the same gene can lead to any of three different types of inherited cancers.(fewer cases) 
  -Somatic alterations in RET can produce non-inherited papillary thyroid carcinoma(higher percentage). 
NOTE:  
 - Sporadic and familial forms of cancer(2 hits hypothesis):
    Sporadic:in sporadic forms of cancers,if we draw a family pedigree, we will find that the cancer affected one of the individuals without the others.& 2 somatic mutations are required for the loss of tumor suppressor function.
 While in Familial forms of cancers (inherited) as one allele is already defected at birth,by getting another mutation throughout life, Clinical symptoms start to appear.& if we drew a pedigree we could notice the autosomal like kind of inheritance, as the disease appears in each generation.& The 1st hit is inherited & the 2nd hit is somatic.
You could notice both types in Retinoblastoma inheritance: (slide71)






 The familial polyposis gene : (APC)

  - the familial polyposis gene APC, which predisposes to Colon cancer was ultimately identified by mutation in patients, caused by multiple mutations including; mismatch repair genes like MSH2, tumor suppressor genes & oncogenes.(pic. In slide 73.)


BRCA-1 & BRCA-2: mentioned before.
Neurofibromatosis type 1:

  -generally occurring as a result of a defect in ch.17q.
  - GAP protein(abnormal protein) will be produced.

  - Symptoms:Lumps all over the skin and body.

P16 & familial melanoma:
  Caused by loss of function kind of mutation in the p16 tumor suppressor gene or by gain of function kind of mutation in the target p16 & CDK4 proto-oncogenes.
Burkitt's lymphoma:
  Caused by chromosomal abnormalities, t(8:14),t(8:22) & t(2:22), you should know that ch.14 contain genes responsible for the production of heavy chains in Ig's, while 2 & 8 are responsible for the production of light chains.(table in slide 81,v.imp)
Chromosomal Rearrangements
or Translocations
                 Neoplasm

                        Translocation
                  Proto-oncogene
Burkitt lymphoma

t(8;14)
80% of cases

     c-myc1
t(8;22)
15% of cases
t(2;8)
  5% of cases
Chronic myelogenous

t(9;22)
90-95% of cases
     bcr-abl2
leukemia
Acute lymphocytic

t(9;22)
10-15% of cases
     bcr-abl2
leukemia
1c-myc is translocated to the IgG locus, which results in its activated expression
2bcr-abl fusion protein is produced, which results in a constitutively active abl kinase
-Nowadays there are specific screening tests for specific types of cancer, which can help in diagnosis & ensures a better treatment.
 Some of these screening tests include: prostate cancer BCR & cervix cancer HPV .

- Finally the dr. read slides 83,84 & 87 (conclusions) so plz refer to these slides..:)

Best of Luck..:D:D                          

Done by:Yasmin Baghal

To sum up: 
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