Pathology II, Test 1

Dr. Sanders Review

The work of Bishop & Varmus
-In 1989, they received the Nobel Prize for their contributions to the field of modern molecular biology.  The           

   discovery of protooncogenes & their potential to transform into cancer-causing oncogenes.

Understand Staging of Cancer
-Based on size of the primary lesion, its extent of spread to regional lymph nodes, & the presence or absence 

    of metastases.

-This assessment is usually based on clinical & radiographic examination, & surgical exploration.

-Two methods in use:

   1) TNM system: T for primary tumor, N for regional lymph node involvement, M for metastases


-T1, T2, T3, & T4, respectively, describe the increasing size of the primary lesion


-N0, N1, N2, or N3 indicates progressively advancing node involvement


-M0 & M1 reflect the absence or presence of distant metastases

   2) AJC system:  American Joint Committee


-Cancers are divided into stages 0 to IV, incorporating the size of the primary lesions as well as 


   the presence of nodal spread & of distant metastases.

-Staging has proved to help patients w/ selection of best tx & it’s of greater clinical value than grading.

Ionizing radiation causes
-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.

Characterization of & mode of action of 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.

Mode of Action

-ras gene mutations are particularly common in several chemically induced cancers in rodents.

-Carcinogenicity of some chemicals is augmented by subsequent administration of “promotors”

    (such as phorbol esters, hormones, phenols, & drugs) that by themselves are non-tumorigenic.

    -To be effective, repeated exposure to the promoter must follow the application of the mutagenic

       chemical, or “initiator.”

-Carcinogen-induced damage to DNA does not necessarily lead to initiation of cancer.  Cuz DNA 

     can be repaired by cellular enzymes.  Ex: Hereditary disorder xeroderma pigmentosum-defective 

      DNA repair & incr. risk of cancers induced by u.v. light 

Growth-inhibiting cancer suppressor genes (p.189-190)

-Retinoblastoma (Rb) gene

     -The first & prototypic cancer suppressor gene to be discovered

     -Found by studying retinoblastoma, an uncommon childhood tumor.

     -Two mutations are required to produce the disease; on chromosome 13q14; both normal alleles of the Rb

        locus must be inactivated.

     -Homozygous loss of this gene is common event in several tumors, incl. osteosarcomas, breast cancer, 

        small cell cancer of the lung, & some brain tumors.

-p53

     -Located on chromosome 17, p53 & considered to be a growth-promoting oncogene in its previous 

          incarnation.

     -Can function as both an oncogene & a cancer suppressor gene

     -Homozygous loss of normal p53 genes is common--affecting carcinomas of the lung, colon, breast, 

        ovaries.

-NF-1 and APC

     -Involved in the pathogenesis of hereditary neurofibomatosis type 1 and adenomatous polyposis coli

     -An inherited mutation affecting 1 copy of the NF-1 gene is sufficent to create tumors

           -Inactivation of the 2nd allele by somatic mutations reduces additional growth restratints, so affected

               patients develop malignant neurofibrosarcomas.

     -The APC, previously called familial adenomatous polyposis, gene behaves much like NF-1 gene.

           -One copy affected is associated w/ formation of multiple benign colonic polyps.

           -Both copies are mutated in colorectal cancers.

-DCC (Deleted in colon carcinoma)

     -On long arm of chromosome 18

     -Affected in the vast majority of colon cancers

-WT-1

     -Associated w/ the pathogenesis of another childhood neoplasm, Wilm’s tumor, which occurs in both 

         inherited & sporadic forms.

Benign lesions vs. Malignant lesions

- Benign Tumors


- “oma”


- Well-differentiated


- Well-demarcated


- Clinically significant


- Slower growing


- The characteristics are considered relatively innocent


- Remain localized 


- Cannot spread


- Amenable to local surgical removal and survival of the patient


- Can be responsible for serious disease


- Named by pattern or cells of origin


- Adenoma-epithelial neoplasms producing gland patterns and ones derived from glands



         but not necessarily exhibiting gland patterns.


- Papilloma-epithelial neoplasms, growing on any surface that produce finger-like fronds


- Polyp-mass that projects above a mucosal surface (as in gut) to form a macroscopically

 

  visible structure. (this can be benig or malignant)


- Cystadenomas-hollow cystic masses, typically seen in ovary

     - Malignant Tumors (Aka Cancers) Cancer is the common term for all malignant tumors.


- Derived from Latin, crab


- Well-differentiated


- Metastasize


- Invasive


- Significant anaplasia


- Clinically significant


- The lesion can invade & destroy adjacent structures & spread to distant sites

  (metastasize) to cause death.

- Named by histogenesis (cell type)

- Sarcomas-arise in mesenchymal tissue

- Fibrosarcoma-fibrous tissue origin

- Chondrosarcoma-composed to chondrocytes

- Carcinomas-malignant neoplasms of epithelial cell origin 


- 3 layers


    - mesoderm (mal. neop. arising in renal tubular epithelium)


    - ectoderm (cancers arising in skin)


    - endoderm (the lining epithelium in gut)

The Role of Immunodeficiency in Cancer
-About 5% of people w/ congenital immunodeficiencies develop cancers...about 200 times the 

   expected prevalence.

-Immunosuppressed transplant recipients & patients w/ AIDS have more malignancies.

-Most are lymphomas, often immunoblastic lymphomas.

-XLP:  when affected boys develop an EBV infection it does not take the usual self-limited form of

    infectious monomucleosis, but evolves into a chronic or sometimes fatal form of inf. mono, or

    even malignant lymphoma.

-Many oncogenic agents (chem. ionizing radiation) suppress host immune responses.  Tumors may

    also be immunosuppressive.  


-For ex:, TGF-beta is secreted by tumors, is a potent immunosuppressant.

-A significant incr. in incidence of lung, breast, GI tract and multiple neoplasms is not seen in 

    immunologic cripples.

Define:

Fibroma--a benign tumor arising in fibrous tissue; common location: ovary, along nerve trunks

Melanoma--(malignant melanoma, melanocarcinoma).  p.213

Mesothelioma--malignant.  Cancer of mesothelial cells, usually arising in the parietal or visceral 

       pleura. 

Lipoma--benign; Subcutanteously on back, shoulders, abdomen, or extremities, intestinal tract

Leiomyosarcoma--malignant; found in uterus, GI tract, abdomen, retroperitoneum, blood vessel 

       walls.  Smooth muscle cancer

Adenoma--benign epithelial neoplasms producing gland patterns and to those derived from glands 

       but not necessarily exhibiting gland patterns.

Fibrosarcoma--malignant; fibrous tissue origin 

Define & recognize Paraneoplastic Syndromes
-System complexes other than cachexia(wasting) that appear in patients w/ cancer & that cannot be 

    readily explained either by local or distant spread of the tumor or by the elaboration of hormones

    indigenous to the tissue of origin of the tumor.

-They appear in 10 to 15% of patients w/ cancer & are important to recognized cuz:

-They may represent the earliest manifestation of an occult neoplasm

-They may represent significant clinical problems & may even be lethal

-The may mimic metastatic disease & so confound tx

-The most common syndromes are hypercalemia, Cushing’s syndrome, & nonbacterial thrombotic 

     endocarditis

-The neoplasms are bronchogenic & breast cancers & hematologic malignancies

-Hypercoagulability...leading to venous thrombosis & nonbacterial thrombotic endocarditis

-The development of clubbing of the fingers & hypertonic osteoarthropathy in patients w/ lung

     carcinomas.

Define & understand the basics of carcinogenesis
· 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

Know the Oncogenic RNA & DNA viruses & their lesions
-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)

Know the associated lesions of 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.

Define & understand the mechanisms of Cachexia
-Loss of body fat & lean body mass, accompanied by profound weakness, anorexia, & anemia.

-Wasting system

-Usually an intercurrent infection brings an end to the slow deterioration.

-Correlation between the size & extent of spread of the cancer & the severity of the cachexia.

     -Small, localized cancers are generally silent & don’t produce cachexia, but there are exceptions.

-Origins of cachexia:

     -Anorexia...but reduced caloric intake is not sufficient to explain the cachexia of malignancy.

     -Cancer patients still have high caloric expenditure and basal metabolic rate in incr. despite reduced

          food intake.  This is a contrast to the lower metabolic rate that occurs as an adaptational response

          in starvation.   The basis of these metabolic abnormalities is not fully understood.

     -Circulating factors TNF-alpha and IL-1, released from activated macrophages

          -TNF-alpha suppresses appetite & inhibits the action of lipoprotein lipase

-The only tx is to remove the underlying cause--the tumor.

Define Oncoproteins
-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.

Understand the Genetic Hypothesis of Cancer
-It implies that a tumor mass results from the clonal expansion of a single progenitor cell that has incurred 

      the genetic damage; tumors are monoclonal.

-Four classes of normal regulatory genes are the principal targets of genetic damage:


1) Growth-promoting oncogenes


2) Growth-inhibiting cancer suppressor genes (anti-oncogenes)


3) Those that control programmed cell death, or apoptosis


4) Those that regulate DNA repair

-Carcinogenesis is a multistep process

     -A malignant neoplasm has several attributes, incl. excessive growth, local invasiveness, & the 

          ability to form distant metastases.  

     -These are acquired in stepwise fashion called tumor progression 

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

Understand Grading of Cancer
-The grading of a cancer attempts to establish some estimate of its aggressiveness or level of malignancy 

    based on the cytologic differentiation of tumor cells & the number of mitoses w/in the tumor.

-Classified as grade I, II, III, IV   in order of incr. anaplasia.

-Criteria for the individual grades vary w/ each form of neoplasia, & now have descriptive characterizations

Know the laboratory tests used for the recognition of cancer
-Sampling approaches:  

1) “Quick frozen section”


-Determining the nature of a breast lesion


-Permits histologic evaluation w/in minutes.


-Very accurate

2) Fine-needle aspiration


-Commonly employed w/ readily palpable lesions affecting breast, thyroid, lymph nodes, & salivary 

                 glands.  


-Modern imaging techniques enable to be extended to deeper structures such as liver, pancreas, & 

                 pelvic lymph nodes.  


-No surgery, but...


-Small sample size & sampling errors


-Extremely reliable, rapid, & useful

3) Cytologic (Papanicolaou) smears

-Cervix carcinoma, endometrial & bronchogenic carcinomas, bladder & prostate tumors, gastric 

    carcinomas

-For the identification of tumor cells in abdominal, pleural, joint, and CFS fluids

-Shed neoplastic cells are evaluated for features of anaplasia indicative of their origin in cancer.

-Can yield 100% + results (cervical smears)

-False negative results due to sampling errors

-All positive findings are best confirmed by biopsy & histologic examination before therapy is 

    instituted.

4) “Statement of the art” techniques


-Monoclonal antibodies directed against intermediate filaments


-Southern blot analysis


-Flow cytometric detection of differentiation-specific antigens...classify leukemias & lymphomas; 

                  assessing the DNA content of tumor cells.

5) Biochemical Assays


-Cannot be construed as modalities for the dx of cancer, but they contribute to finding cases & in

                 some instances are useful in determining the effectiveness of therapy.


-Elevated levels of acid phosphatase in prostatic carcinoma


-Radioimmunoassays for circulating hormones--endocrine system


-2 circulating tumor markers


   1) Carcino-embryonic antigen (CEA)



-Normally prod. in embryonic tissue of the gut, pancreas, & liver



-Positive in 60-90% of colorectal carcinomas




      50-80% of pancreatic




      25-50% of gastric and breast tumors



-Also elevated levels seen in alcoholic cirrhosis, hepatitis, ulcerative colitis, Crohn’s disease


   2) Alpha-fetoprotein


-Benign conditions including cirrhosis, hepatitis, & pregnancy may cause modest elevations 

Compare & contrast Tumor Specific Antigens (TSA) & Tumor Associated Antigens (TAA) (p.203-204)
TSA

-Most clearly demonstrated in chemically induced tumors of rodents

-Tumor antigenicity is usu. assessed by: 


1) The ability of an animal to resist a live tumor implant following previous immunization w/live or

                    killed tumor cells


2) The ability of tumor-free host animals to resist challenge when infused w/ immunocompetent cells 

                    from a tumor-immunized syngeneic donor


3) The demonstration in vitro of tumor cell destruction by cytotoxic T cells derived from a tumor-

                    immunized animal.

-By these methods, it has been found that many chemically induced tumors express “private” or “unique” 

   antigens not shared by other tumors induced by the same chemical

-Because the antigens expressed in such tumors induce resistance to a tumor transplant, they are referred to 

   as tumor-specific transplantation antigens (TSTAs)

-In normal cells, peptide fragments are presented on the surface of cells in assoc. w/ class I MHC molec.

     -They don’t induce an immune response, cuz T cells that recognize self were deleted during development

TAA
-Not unique to the individual tumors, they are shared by similar tumors in other hosts

   -Such TAA’s fall into 2 categories:


1) Differentiation-specific antigens and 2) Oncofetal antigens

-TAA’s are normal self proteins so they don’t evoke an immune response in humans and are of little 

     functional significance in tumor rejection.

-Oncofetal antigens, or embryonic antigens, are normally expressed in developing tissues but not in normal 

     adult tissues.

-Differentiation antigens are peculiar to the differentiation state at which cancer cells are arrested.

     Ex:  CD10 (CALLA antigen) is expressed in early B lymphocytes, is expressed in B-cell leukemias & 

             lymphomas.
