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Characteristics of Transformed Cells
A gradual process involving initiation through successive generations of cells exposed to carcinogens becoming progressively abnormal (multiple mutations) until an irreversible transformation occurs (no possible DNA repair).  Cell proliferation then “fixes” the transformation.

Anaplasia is the state of dedifferentiation with changes in the cell nuclei due to abnormal mitoses and loss of attachment to the basement membrane.  

· Formation of tumor giant cells (vs. granuloma giant cell w/ 20-40 nuclei)

	poorly differentiated

severe anaplasia (Grade 4),  

primitive or embryonic ( more aggressive 

( growth rate

( invasiveness (malignant, sarcoma)

poor prognosis
	well differentiated

appear  like normal cells (Grade 1 anaplasia)  

( growth rate

 benign

good prognosis


Characteristics of cancer cells:  in general, cancer cells are oriented for mitosis, not differentiation
· Loss of contact inhibition 

· Uninhibited growth and indefinite life span

· Loss of normal cellular function and structure (pleomorphism:  variation in size and shape).



*vs. dysplasia (change in shape and orientation, normal mitoses, loss of BM attachment)



dysplasia to anaplasia:  carcinoma in situ 

· Cytoplasmic Changes:

· (:  RER, SER, surface specialization (cilia), golgi 

· (:  ribosomes, bizarre mitochondria, cytoskeletal components (intermediate filaments)

· Nuclear changes:  

· altered shape 

· hyperchromatic:  1:1 nucleocytoplasmic ratio in cancer cells (normal is  1:6 to 1:8), nucleus divides, but cytoplasm does not

· areas of alternating black and white d/t chromatin densities and ( nucleolus

· Genotype Changes:

· Karyotype changes:  band deletions, translocations

· can activate an oncogene by affecting its regulation 

· Philadelphia chromosome-  t(9,22)

· Burkitt’s Lymphoma
· Point mutations (change gene product), gene amplification (( gene product):  

· change in metabolism and/or mitosis

· Secretions:  occur if in cancer develops in the epithelium of glands and become well differentiated (not w/ poor differentiation) 

Normal secretions can be produced or ones that mimic hormones

· Paraneoplastic syndrome: the secondary effects of secretions (ectopic hormones, enzymes) that affects the patient but have nothing to do with the physical effects of tumor

· prostate cancer:  ( acid phosphatase

· osteogenic sarcoma:   ( alkaline phosphatase

· embryonic or fetal proteins:  CEA, AFP

· ectopic hormones:





parathyroid:  (PTH(metastatic calcification (assoc. w/ lung CA and renal cell carcinoma)





choriocarcinoma:  (HCG –testes, ovaries, uterine wall





renal cell carcinoma:  (ACTH(Cushing’s Dz.





colon cancer:   carcinoembryonic antigen(normal production of embryonic cells

· Antigenic Changes:

· Tumor Associated Antigens develop due to chemical carcinogens( heterogeneous antigens (yet antigens are not specific to a particular chemical)
· Tumor Specific Antigens develop due to  viral carcinogens ( homogenous antigens
· Anchorage independent growth

Cell Surface Changes:  in summary

-failure to develop surface specializations

-cytoskeletal changes

-abnormal cell junctions



-alteration in cell membrane receptors
· Ability to grow from a single cell, in an immunocompromised host or with malnutrition by drawing nutrient materials from the host, causing cachexia

Cancer as a Cellular Disease

Oncology is the study of neoplasms (new growths). Cancer is a neoplasm which can be either malignant or benign. Cancer is defined a disorder of growth caused by the accumulation of somatic genetic changes that can interfere with growth control processes.  Worldwide, one in three will develop cancer.

Some normal cell facts:

· average human adult has 1015 cells

· after maturity as adult 1012 cells die each day and are replaced at an equal rate

· most active sites: GI tract, bone marrow & skin 

· if homeostasis is present, new cells = dead cells

Apoptosis =  programmed cell death

stimulated by

· DNA damage with an inappropriate oncogene expression

· normal embryogenesis

· T cell clonal deletion

Inhibited by: 

· loss of both alleles of p53

· interference of p53 (bcl-2 in breast cancer)

Three groups of cell populations are present

· Cycling cells continuously proliferating, such as stem cells


(4 stages of proliferating cell cycle -- G1, S, G2 & M (mitosis)

· terminally differentiated cells

· non-proliferating cells, not cycling cells (G0), but can reenter the growth cycle, such as hepatocytes


The cell cycle:

· G1: preparation for DNA replication
· S:  DNA replication
· G2: preparation for cell division
· M:  mitosis


Checkpoints are set between G1-S and G2-M.  These checkpoints prevent the continuation of the cell cycle unless many specific 


factors are met.  For example, exposure to radiation or cytotoxic drugs leads to arrest before entering the S phase.  Radiation stabilizes 


p53 and stimulates p53-dependent transcription.  Some p53 transcription products interact with cell cycling messengers (cyclin 


dependent kinases or CDKs) to inhibit the progression of the cell cycle out of G1.  

Three mechanisms of growth of a cellular population

· shorter cell cycle produces more cells per unit time

· decreasing rate of cell death relative to growth

· moving G0 ("resting phase") cells into cell cycle produces more cells per unit time


**While it's said that all 3 mechanisms are important in normal and cancer cell growth, the "speed" of the cell cycle is not highly variable. Cancer in general has a slightly higher proportion of cells in the cell cycle than most normal tissue (i.e. less % in G0 *). That's why it grows faster than the surrounding tissue.


Gompertzian growth refers to initial cancer growth that is exponential, but reduces in later growth resulting in a logarithmic growth curve.  The cell and volume doubling times are measures of aggressiveness. Doubling time is the time required for a tissue to double in number of cells and is variable for malignant cells.   Mitotic index or degree of anaplasia are not dynamic measures and are less sensitive indicators of aggressiveness.  

Malignancy 





Doubling Time

Burkett's lymphoma 



< 3 days

Ewing's sarcoma



17 days



certain adenocarcinomas of colon and rectum 
> 600 days

Clonal development:

The vast majority of tumors arise from a single parental cell.  Virtually all sold tumors and the majority of hematologic malignancies display abnormalities in the chromosomal karyotype that is inherited by the entire population of tumor cells (i.e. translocation, deletion, addition of parts of chromosomes, entire new chromosomes)

Stages of Cancer

Oncogenesis:  requires both initiation and promotion; initiation must be first


Carcinogenesis is the multistage sequence of genetic events to transform a normal cell (usually stem cell) into cancer. Six stages of cancer are currently thought to exist:  initiation, growth, promotion, conversion, propagation (composed of invasion into normal tissue & metastasis to distant sites) and progression (invasion and metastasis).  Initiation, promotion, and progression are stages from which most research information. Growth, propagation and conversion  are less understood concepts that attempt to explain transitions in genetic changes when malignancy is being defined.


The traits of a cancer cell not possessed by the original stem cell are the result of DNA mutation. As discussed in the overview below, the mutations required to attain malignancy result in "genetic instability" (karyotypic instability). Somewhere in the process a point is reached when no more external agents are required and mutations occur endogenously.

Initiation: unrepaired chromosomal damage (mutation

Initiation is a significant, irreversible change, usually in a stem cell, which can eventually lead to malignancy. This  kind of change is heritable, so the progeny have it and create a clone of altered cells.  Initiation usually begins in stem cells by mutation from "incomplete carcinogens" (see table below). Only the 1st  stage occurs, but DNA is irreversibly changed. The cell resulting may have selective growth advantage. Many potential initiating events may be reversed by DNA repair mechanisms before promotion. Many initiating mutations may be silent (non-functional) or not significant.  However, initiation may result activation of an oncogene 


The Ames Test assesses the mutagenicity (initiation ability) of substances.  Histidine (His) (-) Salmonella are grown on a His free culture containing CYP450 in the presence of a potential initiator/mutagen.  If the Salmonella  grow, then they have reverted to His (+) indicating the mutagenic property of the substance as a chromosomal change must have occurred to recover the His (+) trait.
Characteristics of Initiation:

· Rapid, Irreversible, single step within a second

· No threshold identified
.

· Decreased response to inter- and intra-cellular signals to maintain structure and regulate growth.

· In our environment, exposure to initiating agents is inevitable and effects may be additive.

· Initiated cells are not identifiable

Growth, selective clonal expansion, is not well understood, but is regarded as a continuum with "promotion".
· Selective clonal expansion may occur (e.g. 2 cells initiated by different agents)

· May be facilitated by wound, chemical agent, microbial agent, or other inflammation.

Promotion:

· Involves further alteration of gene expression, such as changes in DNA methylation
· Selective clonal expansion (( mitoses) and proliferation of initiated cells over a long duration.

· mitogens:  ( growth factors (EGF, NGF, FGF, PDGF), estrogen, phenobarbital, phenol (cigarettes), saccharine
· Promotion is reversible if the promoting agent removed or with adequate time between exposure. 

· Promotion is not additive, but requires multiple steps and there may be a dose threshold. . Promotion results in grossly visible neoplasms.

Conversion is the hypothetical emergence of potentially reversible small nests of cancer cells that begin an irreversible course toward malignancy. It is not a clinically detectable stage and thought to depend on microenvironment rather than extrinsic factors as with Initiation and Promotion.

Propagation refers to expansion of the microscopic cancer to clusters in a tissue. Intrinsic host factors tend to more of an influence with little effect from extrinsic factors.  Mass may increase 103 to 106 cells, which is too small to detect. No extant signs or symptoms.

Progression (6th stage) concludes the preclinical (invisible) stages of cancer. Transition to clinical cancer occurs with discovery.

· enlargement of primary mass and weight 

· breaking off of cells and movement to adjacent tissues and distant metastases 

· measurable changes in nuclear karyotype with the increase in mass, cellular autonomy, invasiveness and metastatic capacity.
Invasion and Metastasis

Metastasis refers to one or more cancer cells spreading from a site of origin and continuing its growth at this new site.  The properties of invasion, metastasis, absence of regulation of cell growth and karyotypic instability makes cancer lethal and difficult to treat. Primary tumors at the site of origin seldom kill. Cancers have a mosaic of cells with differing characteristics (tumor cell heterogeneity). Only a minority of the cells may have metastatic competence.

· If cancer is diagnosed prior to formation of generally non-detectable micrometastasis, then cure with surgery or radiation can occur with high frequency.

· If metastasis occurs, then cure is much less frequent and "control" is by systemic therapies:

· enhancement of immune defense

· other external or biologic or immunotherapies

· chemical or hormonal therapy

In about 2/3 of cancers, metastasis has occurred by diagnosis: 

· The number of cancer cells in the bloodstream is proportional to the size of the primary cancer.

· The number of new metastatic lesions may be only 1 per 10,000 cells that enter the bloodstream.

· A mature cancer may drop 1 to 5 million cells into the blood per day.

· Cancer cells are not filtered by lymph nodes. Positive nodes tell you that cancer got out of the local area and may have spread past the lymph node.

Publications show that even careful excision of breast or prostate cancer seeds the excision site with cancer cells. Yet, not every local surgery results in metastasis.
The Metastatic Cascade:  The sequence from cancer cell to metastasis
Disruption of the basement membrane of the tissue  ( Cell detachment ( Cell mobility ( Invasion ( Penetration of the vascular system ( Circulating cancer cells ( Arrest (stasis) ( Extravasation and proliferation

· Disruption of the tissue basement membrane  through the production of type IV collagenase and cathepsin B  by neoplastic cells.

· Cell detachment:  loss of cell adhesion molecule E-cadherin
· Cell mobility:  genetic alteration results in autocrine motility factor production inducing pseudopod formation.

· Invasion:  Capillaries in connective tissue are a destination for mobile cancer cells.. Here cells secrete type I collagenase (e.g. human breast neoplasms) to erode through the connective tissue of the host structure.

· Penetration of the Vascular System (capillaries and lymphatic vessels):  Type IV collagenase can assist neoplastic cells to enter capillaries by diapedesis. 

· Circulating Cancer Cells: Circulation of cancer cells is a requirement for metastasis.  However, the detection of cancer cells in the circulation does not automatically dictate metastasis.  A nidus of cancer cells can be protected from attack by a fibrin coating leading to thrombus formation, which is critical to metastasis . There is evidence that such clotting is increased in cancer patients and that various anti-clotting agents (even aspirin) decrease risk of metastasis.

· Arrest of Circulating Cancer Cells: Cancer cells in circulating emboli can interact with capillary endothelium to cause endothelial cell retraction and exposure of the basement membrane.

· Extravasation and Proliferation: Penetration through endothelium and the basement membrane into intercellular matrix can occur by motility and mechanisms already mentioned. Further tumor growth and proliferation may be immediate or after some period of dormancy. The size of a neoplastic nidus is limited to 0.5 to 1 mm due to a diffusion-limited nutrient supply. Thus, angiogenesis is required to furnish oxygen and nutrients for further metastatic growth.
Metastatic Examples:
· highly metastatic - malignant melanoma only has to be a few mm deep to be classified as advanced with high expectation of metastasis.

· slow to metastasize - most prostate cancers are nonaggressive and "indolent" types which will remain inside the prostate capsule for possibly decades. Metastasis is usually to bone such as vertebra or pelvis.

· non-hematogenous spread - ovarian cancer is one of the most treatable in early stage, but it is the highest cause of death from gynecological cancer. It spreads within the peritoneal cavity by exfoliation and by lymphatics but seldom by blood. 85% - 90% of epithelial" ovarian cancer metastasis is by lymphatics, usually to the liver. Unfortunately there are no early symptoms and 77% are beyond local disease" at discovery.
Sites of Metastasis:   
Two factors seem to govern site of metastasis: 

· The first downstream capillary bed

· Potential chemotactic factors disposing tissues to metastases from certain primary sites (organotropism)

Routes of Metastasis:  

· Through vessels

· carcinomas metastasize via the lymphatics(lymph nodes: subcapsular space is invaded first

· sarcomas use blood vessels:  coating of fibrin and platelets

· Through body cavities:  

· cranial(subarachnoid space (carcinomatous meningitis)

· along serosa:  pleura, peritoneum

· Physical transplantation 2( to damage to BM (surgery)

Patterns of Metastasis

· Tumor Specific Metastases:

· lung, breast( brain, liver, adrenal

· breast(lung, bone (through IC vein- no valves)

· stomach( ovaries (Krukenberg tumors)

· abdominal viscera ( liver via portal vein (thus, not to rectum d/t venous shunt to systemic circulation)

· prostate ( bone (vertebral venous plexus/ Bateson’s venous plexus ( IVC, azygous ( circulation ( bone)
· Metastasis rarely occurs to the heart, kidney, spleen, skin, thymus or muscle.
Primary vs. Secondary (metastatic) Tumors 


An early metastasis often preserves the cell morphology of the tumor of origin and thus can determine the location of the primary in cases of the metastasis being discovered first. However, some aggressive type metastases are unable to be defined and result in a diagnosis of "tumor of unknown origin". Also, a metastases can metastasize. Metastatic forms of cancer are more aggressive than that of the original site due to the accumulation of genetic mutations required for the metastasis.

Morphology of Metastasis

Origin:  

1( site- monoclonal


2( site- polyclonal:  tumor heterogeneity-  multiple antigenic properties







  different karyotypes






  different growth rates






  different hormone receptors

Clinical Implications

Timeline of Cancer Development
· Initiation
· Two phases of growth
· Preclinical phase (latent period or induction time):  refers to a period during which a number of molecular and cellular events lead to production of cancer and growth to the threshold of clinical delectability. The estimated that preclinical phase may occupy 75% of a cancer's lifetime, may average 15 to 20 years and may be as short as months or as long as 40 to 50 years based on the type of cancer. During the preclinical phase there are no recognized molecular or cellular abnormalities suggestive of cancer. There are no Sn or Sx of latent progressive disease. Eventually a size of 1 cm3 is reached (109 cancer cells) before DX occurs (about 30 volume doublings from the original cancer cell). 1013 cancer cells is usually lethal. Spread of cancer (metastasis) may occur in the preclinical phase. If metastasis occurs before the original site is detected (before 20 to 25 doublings), surgical cure is not possible. 

· Clinical phase:   begins when the cancer is diagnosed (1 cm3 or larger).  There may be SX. Therapy will be applied to attempt cure or palliation. 
Staging:

· TNM system:  determined by 
· size of 1( tumor (T0-T4)
· speed of spread to regional nodes(N0-N3)
· presence/extent of metastasis(M0- none; M1- local, above diaphragm; M2- far away, below diaphragm)
· American Joint Commission on CA:  stages O to IV, also includes sizes, node involvement and spread

Clinical Sequellae of Malignancy:

· pain

· loss of appetite and distaste for food

· perturbation of clotting mechanisms ( predisposition for intravascular clot formation

· impairment of nutritional balance

· immunologic compromise: enhanced susceptibility to serious infection

· metabolic disturbance

· death from metastasis

Mechanisms

· the general cancer burden on the body - toxins etc.

· cancer trapping of nutrients

· paraneoplastic syndrome (e.g. tumor production of hormones)

