Ch. 6--Neoplasia con’t

(5th edition: Ch.7 p.171-215)

(I used the old ed. for this review p.184-215)

· Carcinogenesis--The Molecular Basis of Cancer
· Nonlethal genetic damage lies at the heart of carcinogenesis
-Acquired by environmental agents (chem, radiation, viruses, inherited by the germ line)

-The genetic hypothesis implies that a tumor results from a single cell that has incurred genetic 

   damage, ie: tumors are monoclonal.

· Two classes of normal regulatory genes--the growth promoting protooncogenes & the growth-

         inhibiting cancer suppressor genes (antioncogenes)--are the principal targets of genetic damage.

-Mutant alleles of protooncogenes are considered dominant cuz they transform cells despite the 

               presence of their normal counterpart.


-Both normal alleles of the tumor suppressor genes must be damaged for transformation to occur, so

                this family of genes is referred to as recessive oncogenes.

· Carcinogenesis is a multistep process at both the phenotypic & genetic level
-A malignant neoplasm has several attributes, incl. excessive growth, local invasiveness, & the 

  ability to form distant metastases.  

   -These are acquired by tumor progression 

       -At the molecular level, this progression results from accumulation of genetic lesions

· Oncogenes & Cancer
-Discovery of proto-oncogenes & their potential to transform into cancer-causing oncogenes:

  -These genes are “passengers” w/in the genome of acute transforming retroviruses

  -They have unique transforming sequences (viral oncogenes or v-oncs), not found in the 

     genomes of nontransforming retroviruses.

  -V-onc sequences were almost identical to the ones found in normal cellular DNA

  -The concept that retroviral oncogenes were transduced (captured) by the virus thru recombination

     w/ the DNA of a normal host cell that had been infected by the virus.

  -Proto-oncogenes are named after their viral homologs:

            -The v-onc isolated in feline sarcoma virus is referred to as v-fes
-Proto-oncogenes are not caused by infection w/ retroviruses, instead, DNA of spontaneously

   arising cancers contains oncogenic sequences, or oncogenes.  

-So, proto-oncogenes may become oncogenic by retroviral transduction (v-oncs) or by influences

   that alter their behavior in situ, thereby converting them into cellular oncogenes (c-oncs).

· Protein Products of Oncogenes
-Oncogenes encode proteins called oncoproteins.

    -They resemble normal products of protooncogenes w/ the exception that they lack regulatory

       elements & their production in the transformed cells is not dependent on growth factors or

       external signals.

-Cell proliferation takes place in the follow steps:

  1) The binding of a growth factor to its specific receptor on the cell memb.

  2) Transient & limited activation of the growth factor receptor, which in turn activates several

        signal-transducing proteins on the inner leaflet of the plasma memb.

  3) Transmission of the transduced signal across the cytosol to the nucleus via 2nd messengers.

  4) Induction & activation of nuclear regulatory factors that initiate DNA transcription & cell 

        division.

· Etiology of Cancer--Carcinogenic Agents
-3 classes of carcinogenic agents can be identified:


1) Chemicals                 These are causes of cancer in humans


2) Radiant energy


3) Oncogenic viruses     Involved in the pathogenesis of at least some human tumors.

· Chemical Carcinogens
-Sir Percival Pott attributed scrotal skin cancer in chimney sweeps to chronic exposure to soot.

-Kennaway & Cook extracted 50g of a chemically pure carcingoen, 3,4-benzpyrene from 2 tons

   of crude coal tars.

     

-These observations documented the carcinogenicity of polycyclic aromatic hydrocarbons.

         -Below are observations from the study of chemical carcinogens:


1) They are of extremely diverse structure & incl. both natural & synthetic products.


2) Some are direct-reacting:  require no chemical transformation to induce carcinogenicity.


    Some are indirect-reacting:  become active only after metabolic conversion.  Such agents are

                    referred to as procarcinogens & their active end products are called ultimate carcinogens.


3) All chem. carcinogens are highly reactive electrophiles (have e- deficient atoms) that react

                    with the e- rich atoms in RNA, cellular proteins, and DNA.


4) The carcinogenicity of some chem. is augmented by agents themselves have little cancerous

                    activity.  Such augmenting agents have been called promoters.


5) Several chem. carcinogens may act in concert or w/ other types of carcinogenic influences


     (ex: viruses or radiation) to induce neoplasia.

· Direct-Acting Agents
-Require no metabolic conversion to become carcinogenic.

-One time dose may not even produce tumors.

-They are imp. cuz some of them are cancer chemotherapeutic drugs (alkylating agents) that have

   successfully controlled or delayed recurrence of certain types of cancer. (leukemia, lymphoma,

   Hodgkin’s dis., ovarian carcinoma) only to later evoke a second form of cancer, usu. leukemia.

· Indirect-Acting Agents
-The chem. require metabolic conversion before they become active into ultimate carcnogens.

-Polycyclic hydrocarbons--present in fossil fuels

-Benz(a)anthracene--prod. cancer wherever it’s applied

-Benzo(a)pyrene & other carcinogens are formed in high-temp. combustion of tobacco in cigarette

    smoking.

-Aromatic amines & azo dyes
        -Beta-naphthylamine--50 fold incr. incidence of bladder cancers 

        -Most of these are converted into ultimate carcinogens in the liver by the cytochrome P-450

            oxygenase system.

-Nitros-amines & amides--may account for incr. incidence of gastric carcinoma (these are present in

       food as preservatives)  Also present in tobacco smoke

-Alfatoxin B1--naturally occurring agent produced by Aspergillus, a mold that grows on grains. 

      There is high correlation w/ hepatocellular carcinoma in Africa & the Far East.

        -Even more correlation bet. Hep. B virus & hepatocellular carcinoma.  

     -So aflatoxin & Hep.B virus may act in concert to produce hepatic cancers.

-Saccharin & cyclamates--cancer in animals w/ high doses

-Vinyl chloride, arsenic, nickel, chromium, insecticides, fungicides, & PCBs are potential 

      carcinogens.

· Radiation Carcnogenesis
-Whatever its source--ultraviolet rays of sun, x-rays, nuclear fission, radionuclides--can transform

    virtually all cell types in vitro & induce neoplasms.

-Ultraviolet light & skin cancer:  squamous cell carcinoma, basal cell carcinoma, malignant 

    melanoma.  

-The degree of risk depends on the type of ultraviolet rays, the intensity of exposure

               and the quantity of light-absorbing “protective mantle” of melanin in the skin.


-3 wavelength ranges:



UVA (320 to 400 nm)



UVB (280 to 320 nm)  Believed to be responsible for induction of cutaneous cancers



UVC (200 to 280 nm)


-Miner of radioactive elements have suffered a 10-fold incr. incidence of lung cancers.


-Atomic bomb suvivors--leukemia (esp. acute & chronic myelocytic leukemia--after a latent period 

                  of 7 years). Also high is thyroid, breast, colon, & pulmonary carcinoma


-Therapeutic irradiation--thyroid cancers developed in approx. 9% of those exposed during infancy

                  to head & neck irradiation.


-Ionizing radiation

 -Causes chromosome breakage, translocations, point mutations.  Known to 

                  activate ras oncogenes & inactivate the Rb tumor suppressor gene.


 -Electromagnetic (x-rays, gamma rays) & particulate (alpha particles, beta particles, protons, 

                  neutrons) radiations are all carcinogenic.


 -Leukemias (except chronic lymphocytic)


 -Cancer of the thyroid in kids


 -Cancers of the breast, lungs, & salivary glands


 -Skin, bone, and GI tract are relatively resistant to radiation-induced neoplasia.

· Viral Carcinogenesis
-A large number of DNA & RNA viruses have been proved to be oncogenic in a wide variety of 

   animals.

-Only a few viruses have been linked w/ human cancer.

-RNA viruses:  Human T-Cell Leukemia Virus Type 1




-Endemic in parts of Japan & Caribbean




-Sporatic in U.S.

          -DNA viruses:  Papillomavirus (warts & cervical cancer)



         Epstein-Barr Virus (Burkitt’s lymphoma)



         Hepatitis B Virus (liver cancer)

· Host Defense Against Tumors:  Tumor Immunity
-

