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Aim: What are some phenotypes of chromosome damage?

-extreme defects in ploidy of X chromosome (XXY, XXX, xetera) alters dosage.

-homologies and pseudohomologies drive DNA rearrangements b/w chromosomes…see Griff 572 for chromosome rearrangement characteristics.  Here is how proper repair works:
(1) DNA starts as ds.

(2) ds break occurs.

(3) ds break lethal unless repaired.

(4) Repair system corrects sequence.

(5) If break messes up or mis-joins, this is a disaster.

(6) Requirements: 1 centromere, 2 telomeres (all essential).  Acentric (no centromere) and dicentric (2 centromeres) chromosomes won’t recruit.

Rearrangements in Chromosome structure:

Deletion: Lost piece (examples of deletion-rearrangement: Cri du Chat (#5), Prader-Willi (paternal #15):

Inversion: reversed piece (flips)

Duplication: extra copy (of a sequence)

Robertsonian Translocation: misalignment after translocation that causes almost complete chromosomes to distribute wrong or tag along as part of another chromosome.

Reciprocal Translocation: trading of acentric fragments between 2 chromosomes. This is the one causing most leukemias.

All of these are due to defects in the normal process of homologous recombination.  A Holliday junction occurs between four strands of DNA. The mobile structure is named after Robin Holliday, who proposed it to account for homologous recombination he saw in yeast. Holliday junctions are conserved from bacteria to mammals.
Somatic cell defects in DNA (lead to cancers): 

-point mutation;

-chromosome breaks/damage;

-both can results in stops, which interrupt the sequence of important regulatory genes (for example, no apoptosis).  Results: 

-Protooncogenes promote cell division (normal function).  If protooncogenes are unnaturally upregulated, too much cell division results.  Mutations that cause this unnatural upregulation create oncogenes.  Downregulation (knockouts) of these protooncogenes causes a lack of cell division.  When oncogenes cause cell damage, a cellular “police” follows with annihilation of the bad cells.  But if that safety mechanism (apoptosis) fails, in concert with the oncogenesis that caused the tumor, this causes permanent and more rampant cell division.

-Tumor suppressors are proapoptotic (normal function) .  Down regulating (knocking out) tumor suppressor genes creates too much cell division.  Up regulating (turning on) tumor suppressor genes causes too much cell death (apoptosis)

Defects in chromosome number or structure that change the sequence of a protooncogene or a tumor suppressor by deleting key coding elements can cause aberrant cell division.  Germline defects are developmental lethal.  Nondisjunction causes 2 homologues to be recruited to the same pole.  NDJ events are more likely in anaphase of meiosis I.  Breaks are more likely in meiosis I (but can occur in meiosis II).  Breaks are more likely in meiosis I (but can occur in meiosis II).  Somatic defects can include knockouts in tumor suppressors/mutation to oncogenes.  These cause cancer.  Also, most leukemias correlate with translocations (bcr-abl fusion).  Aberrant control of cell division causes defects in ploidy (chromosome number) and DNA damage, magnifying effects.  This leads to neoplasm formation.

Signal transduction: protein-to-protein chemical communication:

Kinases: add phosphate (PO4).  Phosphatases: de-phosphorylate (remove PO4).  cAMP: activates genes.

During the cell cycle, kinases phosphorylate a number of proteins; this progresses cell division.

The cell cycle progresses as follows: G is for gap, M is for mitosis, S is for synthesis or replication
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Important cell cycle transitions: G1(S and G2(M

Carcinogens target genes.  Examples are: ionizing radiation, chemicals, viruses, UV light.

Cancer terminology:

Neoplasm—harmful growth of cells

Benign—“harmless” overgrowth or cyst

Malignant—“harmful” overgrowth, tumor, neoplasm

Metastatic—malignant/mobile tumor

Sarcoma—neoplasm of the mesoderm (connective tissue—muscle, blood)

Carcinoma—neoplasm of endoderm (internal organs) or ectoderm (skin and nervous tissues)

Leukemia—cancer of white blood cell precursors

Lymphoma—cancer of lymphoid tissues  (mature)

Types of cancer: Different tissues receive different target treatments.  Retinoblastoma is eye-specific.  Wilms’ Tumor is kidney-specific.  Colon cancer is colon-specific.  Small cell lung carcinoma is lung-specific.  Chronic myelogenous leukemia is white blood cell (WBC)-specific...more on oncogenes l8r!
