Biology of Human Neoplasia – Intro
Neoplasm is clonal proliferation of cells with somatic genetic alterations and autonomous 

regulation of growth.  Usually form tumors, but not if in situ (“pre-invasive”).       
Neoplasia = dysplasia.
Malignant neoplasms are called cancer, and occur when neoplasms invade adjacent tissues and 
metastasize into distant tissues.
Some cancers injure patients mechanically, such as lung tumors blocking superior vena cava.

Uncontrolled population growth
Cancer cells ignore external controls.  Many cancer-causing mutations occur in genes that regulate 
regulation.  For instance, Rb, p16, and p53 regulate cell growth, but all lowered in cancer.  
EGFR is a growth factor signal which stimulates overgrowth.
Cancer cells also have reduced apoptosis in unfavorable environments, such as detachment and 
DNA damage.  They resist apoptosis signal genes such as p53and BAX, and overexpress 
protective genes such as bcl2.  This makes therapies difficult, because therapies can target 
proliferating cells, but may not be able to target cells that won’t die.

Invasion and Metastasis
First step is invasion of BM and degradation of ECM.  This occurs with proteolytic enzymes such 
as metalloproteinases.  Tumor cells also may also bind and destroy ECM componenets 
such as fibronecting, laminin, and collagen.  Cells frequently invade lymphatics because 
they lack a BM.
Second step is vascular or lymphatic dissemination.  Cells often can survive detached from ECM, 
which is not normal.  This may depend on loss of e-cadherin.  They then adhere and 
extravasate at distant sites.
Third step is growth at a distant site.  GI cancers commonly metastasize to lymph nodes and liver, 
whereas most other cancers spread to the lungs and brain.
Site of metastasis depends on two things:


--natural pathways of vascular and lymphatic drainage


--cancer cells express chemokine receptors, and the corresponding chemokines are often 


found in new metastatic site.  Thus, cancer cells migrate in a similarly to leukocytes.

Modifying the host environment
Tumors must create a new stroma and blood vessels.

First modification is angiogenesis.  Cancers produce angiogenic substances such as VEGF and 
FGF, which generate new endothelial vessel linings.  Some tumors also produce anti-
angiogenic factors such as angiostatin.  There is also the possibility of vasculogenic 
mimicry, in which tumor cells themselves form a vascular lining and channel.
Second modification are the systemic effects, such as secretion of humoral factors.  These may
include ectopic hormones such as ACTH and cachexia factors such as TNF.  

Such humoral factors cause the paraneoplastic syndromes
Extended replication
Normally, cells can only replicate so many times.  The Hayflick Principle states that cellular 
senescence is related to shortening of DNA telomeres with each replication.  
Telomerase, which maintains telomeres, is expressed only during renewal.
Cancers express increased telomerase, although many cancers still have short telomeres.  Detecting and inhibiting telomerase may help find and destroy cancer, but that’s a problem 
because you also need it for renewal.

Genomic instability
Most cancers are aneuploid (abnormal chromosome numbers/replications/inversions/deletions) 
because of continuous dividing.  Shortening of telomeres contributes to genomic instability.
Sometimes there are mutations in mitotic checkpoint genes, which regulate segregation.
Morphologically, cancers are hyperchromatic and have abnormal mitoses.

Genomic instability gives cancers new phenotypic properties, including drug resistance.

Clonal evolution and carcinogenesis.  “Multistep carcinogenesis”
Clonal evolution makes cancer.  Sequential genetic changes and clonal expansion of progeny.  In this way a given cell can accumulate multiple mutations, because it inherits past “hits.”
Although they are clonal, cells are genetically unstable and become genetically heterogeneous.

Injury to tissue promotes growth, and perhaps tumor potential.
There are three steps to carcinogenesis:


--initiation (an irreversible DNA mutation, initiated by mutagens)


--promotion (stimulation of initiated cell to clonally proliferate, creating neoplasm)


--conversion (converts to malignancy, undergoes autonomous clonal proliferation)
Carcinomas in situ are basically hyperplasias with major nuclear atypia.

