
  

Natural history of malignant tumors:
1.  Malignant change in the target cell (transformation)
2.  Growth of the transformed cells
3.  Local invasion
4.  Distant metastasis

Anaplasia = lack of differentiation; a HALLMARK of malignant
transformation
1.  Pleomorphism
2.  Abnormal nuclear morphology
3.  Mitoses—large numbers
4.  Loss of polarity
5.  Other changes:  giant cells, necrosis

Rates of Growth Determined by:
1.  Doubling time of the tumor cells
     -  growth of tumors is NOT commonly associated with a
        shortening of the cell-cycle time
2.  Fraction of tumor cells that are in the replicative pool
     -  by the time a tumor is detected clinically, most cells
         are NOT in the replicative pool
3.  Rate at which cells are shed and lost in the growing lesion
     -  progressive growth of tumors and rate of growth is 
        determined by an excess of cell production over cell loss

Figure 7-12

Figure 7-13

-  in general the growth rate of tumors correlates with their level of 
   differentiation
-  next to metastasis, invasiveness is the most reliable feature that 
   differentiates malignant from benign

Pathways of Spread:
1.  Direct seeding
2.  Lymphatic spread – most common for carcinomas – to regional LN
3.  Hematogenous spread – most common for sarcomas – to liver and lungs



  

Refrigerant. Monomer for vinyl polymers. Adhesive for plastics. 
Formerly inert aerosol propellant in pressurized containers

Angiosarcoma, liverVinyl chloride

From decay of minerals containing uranium. Can be serious 
hazard in quarries and underground mines

LungRadon and its decay 
products

Nickel plating. Component of ferrous alloys, ceramics, and 
batteries. Byproduct of stainless steel arc welding

Nose, lungNickel compounds

Ripening agent for fruits and nuts. Used in rocket propellant and 
chemical synthesis, in fumigants for foodstuffs and textiles, and 
in sterilants for hospital equipment

LeukemiaEthylene oxide

Component of metal alloys, paints, pigments, and preservativesLungChromium compounds

Uses include yellow pigments and phosphors. Found in solders. 
Used in batteries and as alloy and in metal platings and coatings

ProstateCadmium and 
cadmium compounds

Missile fuel and space vehicles. Hardener for lightweight metal 
alloys, particularly in aerospace applications and nuclear 
reactors

LungBeryllium and beryllium 
compounds

Principal component of light oil. Although use as solvent is 
discouraged, many applications exist in printing and lithography, 
paint, rubber, dry cleaning, adhesives and coatings, and 
detergents. Formerly widely used as solvent and fumigant

Leukemia, Hodgkin lymphomaBenzene

Formerly used for many applications because of fire, heat, and 
friction resistance; still found in existing construction as well as 
fire-resistant textiles, friction materials (i.e., brake linings), 
underlayment and roofing papers, and floor tiles

Lung, mesothelioma; gastrointestinal tract (esophagus, 
stomach, large intestine)

Asbestos

Byproduct of metal smelting. Component of alloys, electrical and 
semiconductor devices, medications and herbicides, fungicides, 
and animal dips

Lung, skin, hemangiosarcomaArsenic and arsenic 
compounds

Typical Use or Occurrence
Human Cancer Site for Which Reasonable Evidence 

Is Available
Agents or Groups of 
Agents

Table 7-3   Occupational Cancers



  

Figure 7-27 Molecular Basis of Cancer
1.  Nonlethal genetic damage is key to carcinogenesis
2.  A tumor is formed by clonal expansion of a single 
     precursor
3.  Four classes of normal regulatory genes:
     a)  growth-promoting oncogenes
          -  mutant alleles are dominant; if one is damaged=transform.
     b)  growth-inhibiting tumor suppressor genes (TSG)
          -  both normal alleles must be damaged for transformation;
             sometimes referred to as recessive oncogenes
          -  haploinsufficiency = loss of function of a recessive gene 
             caused by damage of a single allele; some TSG lose their 
             suppressor activity when a single allele is lost
     c)  genes that regulate programmed cell death (apoptosis)
     d)  genes involved in DNA repair
4.  DNA repair genes affect cell proliferation or survival indirectly by
     influencing the ability of the organism to repair non-lethal damage
     in other genes
5.  Carcinogenesis is a multistep process

Essential Alterations for Malignant Transformation:
1.  Self-sufficiency in growth signals
2.  Insensitivity to growth-inhibitory signals
3.  Evasion of apoptosis
4.  Defects in DNA repair
5.  Limitless replicative potential
6.  Sustained angiogenesis
7.  Ability to invade and metastasize
8.  Escape from immunity and rejection



  

Figure 7-28

-  Cyclin D = the FIRST cyclin to appear; seen in mid-G1 and gone by S
                  = binds to and activates CDK4  cyclin D-CDK4 complex  this has a critical role in “P” Rb (the molecular on-off 
switch for the cell cycle); “P” of Rb releases E2F and eliminates the main barrier to cell-cycle progression and promotes cell 
replication

-  E2F target genes that are essential for progression through the S phase:
   1)  cyclin E
   2)  DNA polymerases
   3)  thymidine kinase
   4)  dihydrofolate reductase
   5)  others

-  Progression thru the S phase and the initiation of DNA replication involves the formation of an active complex = cyclin E-CDK2
-  G2/M transition = initiated by the E2F transcription of cyclin A, which forms the cyclin A-CDK2 complex that regulates events at 
the mitotic prophase

-  cyclin B-CDK1 oomplex = propels the cell beyond prophase, breaks down the nuclear envelope and initiates mitosis; this 
complex is activated by a protein phosphatase = Cdc25
-  exit from mitosis requires inactivation of cyclin B-CDK1 

-  Cyclins = are synthesized during the specific phase of the cell cycle;
      function to activate CDKs; are degraded by the ubiquitin-proteasome 
      pathway

-  CDKs = expressed constitutively in an inactive form; they are activated 
      by “P” after binding to cyclins; drive the cell cycle by “P” critical 
      target proteins



  

Figure 7-29

Cell-Cycle Inhibitors -- two main classes of CDK inhibitors:

1.  the Cip/Kip family:  block the cell cycle by binding to cyclin-CDK
     complexes
     -  p21 = induced by p53
     -  p27 = responds to growth suppressors such as TGF-β
     -  p57

2.  the INK4/ARF family:  block the cell cycle and act as tumor suppressors
     -  p16INK4A = competes with cyclin D for binding to CDK4 and inhibits
        the ability of cyclin D-CDK4 complex to “P” Rb  cell cycle arrest late G1
     -  p14ARF = increases p53 levels by inhibiting MDM2 activity  prevents 
        p53 degradation

Cell-Cycle Checkpoints:  defects in cell-cycle checkpoint components is a 
major cause of genetic instability in cancer cells; use sensors and tranducers
1.  G1/S transition = prevents replication of cells with defects in their DNA
2.  G2/M transition = monitors completion of DNA replication
3.  Checkpoint sensors = proteins of the RAD family and ataxia telangiectasia 
mutated (ATM)
4.  Checkpoint transducers = CHK kinase families
5.  Checkpoint effectors = p53 (G1/S and G2/M)

Figure 7-30

**the S phase is the point of NO return in the cell cycle



  

Activated by mechanisms that sense double stranded DNA breaks. Transmits signals to arrest the cell cycle 
after DNA damage. Acts through p53 in the G1/S checkpoint. At the G2/M checkpoint, it acts both through 
p53-dependent mechanisms and through the inactivation of CDC25 phosphatase, which disrupts the cyclin B-
CDK1 complex. Component of a network of genes that include BRCA1 and BRCA2, which link DNA damage 
with cell-cycle arrest and apoptosis.

• Ataxia-telangiectasia mutated 
(ATM)

Tumor suppressor altered in the majority of cancers; causes cell-cycle arrest and apoptosis. Acts mainly 
through p21 to cause cell-cycle arrest. Causes apoptosis by inducing the transcription of pro-apoptotic genes 
such as BAX. Levels of p53 are negatively regulated by MDM2 through a feedback loop. p53 is required for 
the G1/S checkpoint and is a main component of the G2/M checkpoint.

• p53

Checkpoint Components

p16INK4a binds to cyclin D-CDK4 and promotes the inhibitory effects of RB. p14ARF increases p53 levels by 
inhibiting MDM2 activity.

• 1NK4/ARF family: p16INK4A, 
p14ARF

Block the cell cycle by binding to cyclin-CDK complexes. p21 is induced by the tumor suppressor p53. p27 
responds to growth suppressors such as transforming growth factor-β.

• Cip/Kip family: p21, p27

Inhibitors

Forms a complex with cyclin B, which acts on the G2/M transition.• CDK1

Forms a complex with cyclin E in late G1, which is involved in the G1/S transition. Forms a complex with cyclin 
A at the S phase that facilitates the G2/M transition.

• CDK2

Forms a complex with cyclin D. The complex phosphorylates RB, allowing the cell to progress through the G1 
restriction point.

• CDK4

Cyclin-Dependent Kinases

Main FunctionCell-Cycle Component

Table 7-7   Main Cell-Cycle Components and Their Inhibitors



  

Figure 7-31
Protooncogenes = physiologic regulators of cell proliferation and
     differentiation
Oncogenes = genes that promote autonomous cell growth; promote growth 
     in the absence of normal mitogenic signals
Oncoproteins = the products of oncogenes; resemble the normal products
     of protooncogenes but LACK important regulatory elements; endow the
     cell with self-sufficiency of growth
Insertional mutagenesis = activation of a protooncogene by the insertion of
     proviral DNA near a protooncogene, which induces structural change to
     the cellular gene  c-onc

NORMAL:  GF binds to GFR  activ of GFR  activ of several signal
transduction proteins  transmission of signal via 2nd messengers  
induction/activation of nuclear regulatoryfactors  initiation of DNA 
transcription  entry into cell cycle

Oncogenes (onc)                           Protooncogene
1.  Viral (v-onc)
     - Feline sarcoma virus (v-FES)            FES
     - Simian sarcoma virus (v-SIS)            SIS
2.  Cellular oncogene (c-onc)

Oncoproteins
1.  Growth factors (GF)
     - PDGF
     - RAS  increased production of TGF-α  binds to EGFR
     - HST-1 and INT-2 are homologues of FGFs
2.  Growth factor receptors – oncogenic versions are dimerized and activated
     without binding to the GF; or normal forms are overexpressed
     - RET – point mutations in RET protooncogene  MEN 2A and 2B
     - EGFR
3.  Signal transduction proteins
     - RAS
4.  Alterations in nonreceptor tyrosine kinases
     -c-ABL
5.  Transcription factors
     - MYC
     - MYB
     - JUN
     - FOS

Figure 7-31 Subcellular localization and functions of major classes of 
cancer-associated genes. The protooncogenes are colored red, 
cancer suppressor genes blue, DNA repair genes green, and genes 
that regulate apoptosis purple. Mechanism of cell-cycle regulation by 
RB. In a resting cell, RB is a component of the E2F/DP1/RB complex, 
which represses gene transcription through the recruitment of histone 
deacetylase, an enzyme that alters the conformation of chromatin, 
making it more compact. Phosphorylation of RB by cyclin D-CDK4 
removes histone deacetylase from chromatin, allowing the activation 
of E2F transcriptional activity (RB can also be phosphorylated by 
cyclin E-CDK2). E2F-mediated transcription of cyclins E and A, and of 
genes required for DNA replication, permit the passage through the 
G1 restriction point. (Adapted from Pollard TD, Earnshaw WC: Cell 
Biology. Philadelphia, WB Saunders, 2002, p. 689.)



  

Figure 7-32
The RAS oncogene
1.  a signal-transduction protein (oncoprotein)
2.  RAS family of GTP-binding proteins (G proteins)
3.  Point mutation of RAS family genes is the single most
     common abnormality of dominant oncogenes
4.  The orderly cycling of the RAS protein depends on:
     a)  nucleotide exchange (GDP by GTP) which
          activates RAS protein
     b)  GTP hydrolysis which converts the GTP-bound 
          active RAS to the GDP-bound inactive RAS; this
          is done by GTPase-activating proteins (GAPs)
          which augument the activity of GTPase
5.  Mutant RAS proteins bind GAPs but their GTPase
     activity fails to be augumented
6.   Members of the RAS signaling cascade
     - RAS
     - RAF
     -MAP kinase
7.  RAS proteins can indirectly regulate the levels of
     cyclins by activating the MAP kinase pathway and the
     AP-1 transcription factor

Figure 7-32 Model for action of RAS genes. When a normal cell is stimulated 
through a growth factor receptor, inactive (GDP-bound) RAS is activated to a 
GTP-bound state. Activated RAS recruits RAF and stimulates the MAP-
kinase pathway to transmit growth-promoting signals to the nucleus. The 
mutant RAS protein is permanently activated because of inability to hydrolyze 
GTP, leading to continuous stimulation of cells without any external trigger. 
The anchoring of RAS to the cell membrane by the farnesyl moiety is 
essential for its action. Subcellular localization and functions of major classes 
of cancer-associated genes. The protooncogenes are colored red, cancer 
suppressor genes blue, DNA repair genes green, and genes that regulate 
apoptosis purple.



  
Glioblastoma, melanoma, sarcomaAmplification or point mutationCDK4Cyclin-dependent kinase

Mantle cell lymphoma
Breast and esophageal cancers
Breast cancer

Translocation
Amplification
Overexpression

CYCLIN D
CYCLIN E

Cyclins

Cell-Cycle Regulators

Burkitt lymphoma
Neuroblastoma, small cell carcinoma of lung
Small cell carcinoma of lung

Translocation
Amplification
Amplification

C-MYC
N-MYC
L-MYC

Transcriptional activators

Nuclear Regulatory Proteins

Hepatoblastomas, hepatocellular carcinomaPoint mutation Overexpressionβ-cateninWNT signal transduction

MelanomasPoint mutationBRAFRAS signal transduction

Chronic myeloid leukemia
Acute lymphoblastic leukemia

TranslocationABLNonreceptor tyrosine kinase

Colon, lung, and pancreatic tumors
Bladder and kidney tumors
Melanomas, hematologic malignancies

Point mutation
Point mutation
Point mutation

K-RAS
H-RAS
N-RAS

GTP-binding

Proteins Involved in Signal Transduction

Gastrointestinal stromal tumors and other soft tissue tumorsPoint mutationKITReceptor for stem cell (steel) factor

GliomasOverexpressionPDGF-RPDGF receptor

Multiple endocrine neoplasia 2A and B, familial medullary thyroid carcinomasPoint mutationRETReceptor for neurotrophic factors

LeukemiaPoint mutationFMSCSF-1 receptor

Squamous cell carcinomas of lung, gliomas
Breast and ovarian cancers

Overexpression
Amplification

ERB-B1 (ECFR)
ERB-B2

EGF-receptor family

Growth Factor Receptors

Thyroid cancerOverexpressionHGFHGF

Astrocytomas
Hepatocellular carcinomas

OverexpressionTGFαTGFα

Stomach cancer
Bladder cancer
Breast cancer
Melanoma

Overexpression
Amplification

HST-1
INT-2

Fibroblast growth factors

Astrocytoma
Osteosarcoma

OverexpressionSISPDGF-βchain

Growth Factors

Associated Human TumorMode of ActivationProtooncogeneCategory

Table 7-8  Selected Oncogenes, Their Mode of Activation, and Associated Human Tumors



  

UnknownProstateTranscription factorKLF6 

Carcinomas of female breast and 
ovary; carcinomas of male breast

UnknownDNA repairBRCA-1 and 
BRCA-2

 

Wilms tumor Malignant melanomaWilms tumor Pancreatic, breast, 
and esophageal cancers

Nuclear transcription Regulation of cell 
cycle by inhibition of cyclin-dependent 
kinases

WT-1 p16 
(INK4a)

 

Li-Fraumeni syndrome; multiple 
carcinomas and sarcomas

Most human cancersCell-cycle arrest and apoptosis in 
response to DNA damage

p53 

Retinoblastomas, osteosarcomaRetinoblastoma; osteosarcoma 
carcinomas of breast, colon, lung

Regulation of cell cycleRBNucleus

UnknownColon, pancreas tumorsTGF-βsignal transductionSMAD 2 and 
SMAD 4

 

UnknownEndometrial and prostate 
cancers

PI-3 kinase signal transductionPTEN 

Familial adenomatous polyposis 
coli/colon cancer

Carcinomas of stomach, colon, 
pancreas; melanoma

Inhibition of signal transductionAPC/ β-cateninCytosol

Neurofibromatosis type 2, acoustic 
schwannomas and meningiomas

Schwannomas and meningiomasCytoskeletal stabilityNF-2Cytoskeleton

Neurofibromatosis type 1 and 
sarcomas

NeuroblastomasInhibition of RAS signal transduction 
and of p21 cell-cycle inhibitor

NF-1Inner aspect of 
plasma 
membrane

Unknown
Familial gastric cancer

Carcinomas of colon
Carcinoma of stomach

Growth inhibition
Cell adhesion

TGF-βreceptor
E-cadherin

Cell surface

Tumors Associated with 
Inherited Mutations

Tumors Associated with 
Somatic MutationsFunctionGene

Subcellular 
Location

Table 7-9  Selected Tumor Suppressor Genes Involved in Human Neoplasms

**Loss of normal cell-cycle control is central to malignant transformation and that at least one of the four key regulators of the cell cycle is dysregulated:
   1.  p16INK4a
   2.  CYCLIN D
   3.  CDK4
   4.  Rb



  

Figure 7-36

Figure 7-37

p53 (Guardian of the genome)
1.  most common target for genetic alteration
2.  located in the nucleus
3.  transcription regulation thru up-regul of p21
4.  cell cycle arrest in late G1
5.  mediates transcription of GADD (growth arrest & DNA damage)
6.  if DNA damage repair is successful p53 activates MDM2, whose
     product binds to and degrades p53
7.  if DNA damage is not repaired, p53 activates BAX which binds
     to BCL-2 (an apoptosis-inhib protein) and thus promotes 
     cell death
8.  undergoes ubitiquin-mediated lysis



  

Figure 7-38

Figure 7-38 A, The role of APC in regulating the stability and 
function of β-catenin. APC and β-catenin are components of the 
WNT signaling pathway. In resting cells (not exposed to WNT), 
β-catenin forms a macromolecular complex containing the APC 
protein. This complex leads to the destruction of β-catenin, and 
intracellular levels of β-catenin are low. B, When cells are 
stimulated by secreted WNT molecules, the destruction complex 
is deactivated, β-catenin degradation does not occur, and 
cytoplasmic levels increase. β-catenin translocates to the 
nucleus, where it binds to TCF, a transcription factor that 
activates several genes involved in the cell cycle. C, When APC 
is mutated or absent, the destruction of β-catenin cannot occur. 
β-Catenin translocates to the nucleus and coactivates genes that 
promote the cell cycle, and cells behave as if they are under 
constant stimulation by the WNT pathway.

APC/β-catenin Pathway:  APC normally binds and destroys β-catenin; if there is a signal from WNT or APC is mutated APC 
does not bind β-catenin and destroy it  β-catenin enters the nucleus  binds to TCF  induces transcription of c-MYC,
CYCLIN D, and other genes

Other Genes that Function as Tumor Suppressors:
1.  INK4a / ARF locus = mutated p16INK4a can’t block Cyclin D-CDK4 activity; can’t prevent “P” of Rb
2.  TGF-β pathway = inactivation of various SMADs  no inhibition of TGF-β signal transduction
3.  NF-1 gene = neurofibromin, the protein product of NF-1 and a GAPs; loss of NF-1 gene funct = RAS trapped in “active state”
4.  NF-2 gene = merlin, protein product of NF-2; cells lacking merlin can’t establish stable cell-to-cell junctions
5.  VHL = lack of VHL activity prevent ubiquitination and degradation of HIF-1  increased levels of VEGF, PDGF
6.  PTEN = PTEN causes cell-cycle arrest and apoptosis and inhibit cell motility; loss of PTEN  cells enter the cell cycle
7.  WT-1 = regulates the mesenchymal to epithelial transition in kidney development
8.  Cadherins = family of glycoproteins that glue epithelial cells (E-cadherin)
9.  KLF6 = inhibits cell proliferation via increasing transcription of theCip/Kip inhibitor p21
10.  Patched (PTCH) = encodes a cell-membrane protein (PATCHED), which func as a receptor for proteins called Hedgehogs



  

Figure 7-39

Figure 7-40

DNA Repair Defects
1.  Mismatch repair genes (MSH2, MLH1, PMS, PMS2)
2.  Nucleotide excision repair (NER)
3.  Transcription regulators (BRCA-1, BRCA-2)

**Telomerase activity and maintenance of telomere length
are essential for the maintenance of replicative potential in
cancer cells



  

Figure 7-42 Figure 7-43

Angiogenesis factors = VEGF and bFGF
Anti-angiogenesis factors produced by the tumor = thrombospondin-1
Anti-angiogenesis factors produced in response to the tumor = angiostatin, endostatin, tumstatin

Invasion and metastasis are biologic HALLMARKS of malignant tumors

Invasion of the ECM is an active process:
1.  Detachment
2.  Attachment to matrix
3.  Degradation of ECM
4.  Migration of tumor cells

Figure 7-43 Mechanisms of metastasis development within a primary tumor. A nonmetastatic 
primary tumor is shown (light blue) on the left side of all diagrams. Four models are presented: A, 
Metastasis is caused by rare variant clones that develop in the primary tumor; B, Metastasis is 
caused by the gene expression pattern of most cells of the primary tumor, referred to as a 
metastatic signature; C, A combination of A and B, in which metastatic variants appear in a tumor 
with a metastatic gene signature; D, Metastasis development is greatly influenced by the tumor 
stroma, which may regulate angiogenesis, local invasiveness and resistance to immune 
elimination, allowing cells of the primary tumor, as in C, to become metastatic.



  

Figure 7-42 Figure 7-44 A-D, Schematic illustration of the sequence of events in the invasion of 
epithelial basement membranes by tumor cells. Tumor cells detach from each other 
because of reduced adhesiveness, and cells then attach to the basement membrane via 
the laminin receptors and secrete proteolytic enzymes, including type IV collagenase and 
plasminogen activator. Degradation of the basement membrane and tumor cell migration 
follow. Mechanisms of metastasis development within a primary tumor. A nonmetastatic 
primary tumor is shown (light blue) on the left side of all diagrams. Four models are 
presented: 
A, Metastasis is caused by rare variant clones that develop in the primary tumor; 
B, Metastasis is caused by the gene expression pattern of most cells of the primary tumor, 
referred to as a metastatic signature; 
C, A combination of A and B, in which metastatic variants appear in a tumor with a 
metastatic gene signature; 
D, Metastasis development is greatly influenced by the tumor stroma, which may regulate 
angiogenesis, local invasiveness and resistance to immune elimination, allowing cells of 
the primary tumor, as in C, to become metastatic.

Invasion of Extracellular Matrix
1.  ECM = BM and interstitial connective tissue
2.  ECM = made up of collagen, glycoproteins, proteoglycans
3.  Receptor mediated attachment to laminin and fibronectin is impt for
     invasion and metastasis
4.  Neoplastic cells, like normal cells, express integrins that serve as receptors
     for many components of the ECM (fibronectin, laminin, collagen, vitronectin)
5.  Tumor cells secrete proteolytic enzymes themselves or induce host cells to
     do secrete proteases
     -  three classes of proteases:  a)  serine
                                                     b)  cysteine
                                                     c)  matrix metalloproteinases (MMPs)
6.  MMP-2 and MMP-9 are collagenases that cleave type IV collagen of BM and
     mobilize VEGF that is sequestered in the BM
7.  Cleavage of type IV collagen  produces angiogenic stimuli (VEGF) and 
     anti-angiogenic stimuli (endostatin, tumstatin)
8.  The ECM also stores growth factors that are released (PDGF, TGF-β, b-FGF)



  

Dysregulation of Cancer-Associated Genes
1.  Chromosomal changes
     - change in number
     - chromosomal rearrangement (translocation and inversion)
          - translocation can activate protooncogenes by:
               1)  overexpression of protooncogene
               2)  formation of hybrid genes the encode growth-promoting
                    chimeric proteins (i.e. the Philadelphia chromosome)
2.  Gene amplification
     - double minutes (dms)
     - homogeneous staining regions (HSRs)
3.  Epigenetic changes
     - tumor suppressor genes are silenced via hypermethylation of 
       promoter sequences without a change in DNA base sequence

Gatekeeper genes = control tumor growth
1.  Rb pathway (Rb, INK4 proteins, cyclin D)
2.  p53 pathway (p53, p14ARF, HDM2)

Caretaker genes = affect genomic stability
1.  mismatch repair genes
2.  other DNA repair genes
3.  may lead to a “mutator phenotype” = cells that are unusually
     susceptible to additional mutations

Figure 7-47



  

Figure 7-49

Carcinogenic Agents
1.  Chemical carcinogens
2.  Radiant energy
3.  Oncogenic viruses and some microbes

Chemical Carcinogenesis
1.  Initiation – causes permanent DNA damage, is rapid,
     irreversible, and has “memory”; initiation alone is not sufficient
     for tumorigenesis
     - direct-acting compounds = highly reactive electrophiles that can
       react with nucleophilic (electron-rich) sites in the cell
     - indirect-acting compounds (procarcinogens)
     - for initiation to occur, altered cells must undergo at least one cell
       cycle of proliferation so that the defect is fixed in the DNA
2.  Promoters can induce tumors in initiated cells but are NOT
     tumorigenic by themselves; change does NOT affect DNA directly
     and they are reversible; promoters enhance the proliferation of
     initiated cells
     - promoters include phorbol esters, hormones, phenols, drugs
3.  Molecular targets = mutation in one or more of the following; DNA
     is the primary target for chemical carcinogens
     a)  oncogenes
     b)  tumor suppressor genes
     c)  genes that regulate apoptosis
     d)  genes involved with DNA repair
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Polychlorinated biphenyls

Insecticides, fungicides

Vinyl chloride, nickel, chromium

Nitrosamine and amides

Others

Betel nuts

Safrole

Cycasin

Griseofulvin

Aflatoxin B1

Natural Plant and Microbial Products

Dimethylaminoazobenzene (butter yellow)

2-Acetylaminofluorene

Benzidine

2-Naphthylamine (β-naphthylamine)

Aromatic Amines, Amides, Azo Dyes

7,12-Dimethylbenz(a)anthracene

3-Methylcholanthrene

Dibenz(a,h)anthracene

Benzo(a)pyrene

Benz(a)anthracene

Polycyclic and Heterocyclic Aromatic Hydrocarbons

Procarcinogens That Require Metabolic Activation

Dimethylcarbamyl chloride

1-Acetyl-imidazole

Acylating Agents

Anticancer drugs (cyclophosphamide   , chlorambucil   , nitrosoureas, and others)

Diepoxybutane

Dimethyl sulfate

β-Propiolactone

Alkylating Agents

Direct-Acting Carcinogens

Table 7-11  Major Chemical Carcinogens

**polycyclic aromatic hydrocarbons = the most potent carcinogens 
known; require metabolic activation

Radiation Carcinogenesis
1.  Ultraviolet rays
     - UVB is responsible for induction of cutaneous cancers
     - UVB forms pyrimidine dimers in DNA
     - UVB causes mutation in oncogenes (RAS) and 
       tumor suppressor genes (p53)
2.  Ionizing radiation
     - electromagnetic (x-rays, gamma rays)
     - particulate (α-particles, β-particles, protons, neutrons)
     - bone marrow elements are most sensitive
     - skin, bone, GI are the least sensitive



  

Figure 7-50
Figure 7-51



  

Figure 7-52

Host Defense Against Tumors – Tumor Immunity
1.  Tumor Antigens
     - products of mutated oncogenes and tumor suppressor genes
     - products of other mutated genes
     - overexpressed or aberrantly expressed cellular proteins
          (MAGE, RAGE, GAGE, BAGE)
     - tumor Ag produced by oncogenic viruses
     - oncofetal Ag
     - altered cell-surface glycolipid and glycoproteins
     - cell type-specific differentiation Ag
2.  Antitumor Effector Mechanisms
     - cytotoxic T cells – major defense mechanism against tumors
     - NK cells
     - Macrophages
     - Antibodies
3.  Immune Surveillance – tumor cells can evade by:
     - selective outgrowth of Ag-negative variants
     - loss or reduced expression of MHC molecules
     - lack of costimulation
     - immunosuppression
     - antigen masking
     - apoptosis of cytotoxic T cells

Figure 7-53



  
Tumor antigens, immune complexesVarious cancersNephrotic syndrome

Others

UnknownThymic neoplasmsAnemia

HypercoagulabilityAdvanced cancersNonbacterial thrombotic endocarditis

Tumor products (mucins that activate clotting)Pancreatic carcinoma
Bronchogenic carcinoma
Other cancers

Venous thrombosis (Trousseau phenomenon)

Vascular and Hematologic Changes

UnknownBronchogenic carcinomaHypertrophic osteoarthropathy and clubbing of the fingers

Osseous, Articular, and Soft Tissue Changes

ImmunologicBronchogenic, breast carcinomaDermatomyositis

Immunologic; secretion of epidermal growth factorGastric carcinoma
Lung carcinoma
Uterine carcinoma

Acanthosis nigricans

Dermatologic Disorders

 Breast carcinomaDisorders of the central and peripheral nervous systems

ImmunologicBronchogenic carcinomaMyasthenia

Nerve and Muscle Syndromes

ErythropoietinRenal carcinoma
Cerebellar hemangioma
Hepatocellular carcinoma

Polycythemia

Serotonin, bradykininBronchial adenoma (carcinoid)
Pancreatic carcinoma
Gastric carcinoma

Carcinoid syndrome

Insulin or insulin-like substanceFibrosarcoma
Other mesenchymal sarcomas
Hepatocellular carcinoma

Hypoglycemia

Parathyroid hormone-related protein (PTHRP), TGF-α, TNF, IL-1Squamous cell carcinoma of lung
Breast carcinoma
Renal carcinoma
Adult T-cell leukemia/lymphoma
Ovarian carcinoma

Hypercalcemia

Antidiuretic hormone or atrial natriuretic hormonesSmall cell carcinoma of lung; intracranial neoplasmsSyndrome of inappropriate antidiuretic hormone secretion

ACTH or ACTH-like substanceSmall cell carcinoma of lung
Pancreatic carcinoma
Neural tumors

Cushing syndrome

Endocrinopathies

Causal MechanismMajor Forms of Underlying CancerClinical Syndromes
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