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Neoplasia - definition

Neoplasia ("new growth”) is the abnormal 
proliferation of cells. 

 The growth of neoplastic cells exceeds that of 
the normal tissues around it.

 The growth persists and causes a lump or 
tumor. 

 Neoplasms may be benign or malignant 
(cancer, sarcoma etc.).

Benign: Malignant:

 Slow growing,

 Capsulated, 

 Non-invasive 

 Do not metastasize, 

 Well differentiated, 

 Suffix “oma” eg. Fibroma.

 Fast growing, 

 Non capsulated, 

 Invasive & Infiltrate 

 Metastasize. 

 Poorly differentiated, 

 Suffix “Carcinoma” or 
“Sarcoma”
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Tumors - morphology

 All tumors have two basic components:

– Parechyma: made up of neoplastic cells
• Determines the biological behavior of the tumor

• From which the tumor derives its name 

– Stroma: made up of non-neoplastic, host-
derived connective tissue and blood vessels
• Carries the blood supply

• Provides support for the growth of the parenchyma

Carcinogenesis - Overview

 Abnormality of cell growth and 
multiplication characterised at:

 Cellular level 

– Excessive cellular proliferation

– Uncoordinated growth

– Tissue infiltration

 Molecular level 

– Disorder of growth regulatory genes

– Develops in a multistep fashion
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Characteristics of a Cancer

 Uncontrolled growth

– Beyond normal hyperplasia in vivo

– Loss of cell-to-cell inhibition in vitro

– Anaplasia (highly variable)

– Defective apoptosis (normal cell death)

 Tendency to invade surrounding tissue

 Tendency to travel beyond site of origin

– Early metastasis

– Late metastasis

Biology of tumor growth
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Recent Theories of Carcinogenesis

 Chemical carcinogenesis

– derived from observations by Pott, 1775

– major line of mechanistic oncology every since

 Viral theory of carcinogenesis

 Two-stage mechanism of carcinogenesis

– two processes:  initiation, promotion

– followed by progression

The molecular basis of cancer
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Non-lethal Genetic damage lies at the 
center of carcinogenesis.

 Loss/damage to suppressor genes,

 Duplication of promotor genes

 Loss/damage to Apoptosis genes

 Loss/damage of DNA repair genes.
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Physical Carcinogenesis

1) Ionizing Radiation

2) Ultraviolet Radiation

3) Physical Carcinogens

Characteristics specific to ionizing radiation

 Penetrate cells and to deposit energy within them
in a random fashion, unaffected by the usual
cellular barriers presented to chemical agents.

– All cells in the body are thus susceptible to damage by 
ionizing radiation; the amount of damage incurred will 
be related to the physical parameters that determine the 
radiation dose received by the particular cells or tissue. 

 It is the ionizations that cause most of the 
chemical changes, finally producing irreversible 
damage to critical molecules of biologic 
importance to the cell. 
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Principal Cellular and Tissue Effects of Radiation 

 Cell Killing 

 Mutagenesis 

 Chromosomal 
Aberrations 

 Neoplastic 
Transformation 

Development of radiation injury
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Radiation Carcinogenesis:
 Ionizing radiation  dysjunction 

random fusion  mutation.

 X Ray workers – Leukemia

 Radio-isotopes – Thyroid carcinoma

 Atomic explosion – Skin cancer, 
Leukemia

Mutations

Neoplasia

Sunlight-Induced Photoproducts In DNA 

 Dimerizations between adjacent 
pyrimidines are the most prevalent 
photoreactions resulting from direct 
absorption of UVR by DNA. 

 UVA primarily produces damage indirectly 
through highly reactive chemical 
intermediates, oxygen and hydroxyl 
radicals, which in turn react with DNA to 
form base damage, strand breaks, and 
DNA-protein crosslinks.
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Ultraviolet Radiation Carcinogenesis 

 Sunlight (UVB) is the major 
environmental agent that 
precipitates the clinical symptoms of 
skin carcinogenesis. 

 Nonmelanoma skin cancers 

– basal cell and squamous cell carcinomas

– 45% of all cancers  

Known Physical Carcinogens 

 Hard and Soft Materials 

– Fibers : 
• Asbestos

– Nonfibrous Particulate Materials 
• powdered metallic cobalt and nickel and crystalline 

silica  

– Gel Materials
• silicone gel used for breast prostheses 
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Mechanisms
of Physical Carcinogens  

 Physical carcinogens produce cancer by some 
physical mechanisms rather than by chemical 
reaction. 

– Such physical mechanisms have been regarded as a mere 
nonspecific irritative effect of surface factors on cells, which could 
cause cellular proliferation, selection of spontaneously occurring 
transformed clones, and, finally, neoplasias. 

Electromagnetic fields

 Electromagnetic fields have been the subject 
of much controversy. Recent extensive 
studies of electric utility workers show a 
minimal increase in relative risk of brain 
tumors (1.12) and of leukemia (1.09) per 10 
microTesla years of exposure

 The avalanche of conflicting data means that 
this controversial topic will continue to 
command attention, and clearly the question 
of causality needs to be solved.
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Trauma and Inflammation 

 The role of trauma in the causation of 
cancer is a subject fraught with gross 
exaggerations and contradictions. 

 The literature abounds in points of view 
ranging from detailed descriptions of case 
reports of trauma followed by malignant 
neoplasms to others in which this 
relationship is minimized or flatly denied.

Steps in Chemical Carcinogenesis

1.  Biotransformation

2.  Initiation:  Covalent binding to DNA

3.  Fixation:  Mutation stabilized by mitosis

4.  Gene expression, transformation

5.  Neoplastic growth, proliferation

6.  Progression, local effects

7.  Metastasis
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Multi-stage chemical carcinogenesis 

The role of DNA repair 

genes is in the origin of cancer 
e.g. if there is an erroneous 
pairing of G with T rather than 
the normal A with T, the 
mismatch repair genes correct 
the defect. Without these 
“proofreaders,” errors slowly 
accumulate in several genes, 
including protooncogenes and 
cancer suppressor genes. 
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Viral Oncogenesis:

 Insertion of viral nucleic acids  mutation

 Alterations in Oncogenes, cancer suppressor 
genes and genes regulating DNA repair 
resulting in up-regulation of cell division 
Carcinogenesis.

 Nobel Laureates – Varmus and Bishop 

– v-fes, v-sis   proto-oncogenes.

– v-sis  sis  PDGF  Brain tumours.

Viral carcinogenesis

1. Retroviruses

2. Herpesviruses

3. Papillomaviruses and Cervical Neoplasia

4. Hepatitis Viruses
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Retroviruses
 Small single-stranded RNA-containing animal 

viruses 

 100 nm in diameter 

 By converting their genomic RNA into DNA and 
inserting it into the chromosomes of their host 
cells, these viruses can mutate, capture, and 
even transfer vital genetic information from one 
cell to another. 

 The resultant effect is often an alteration in 
cellular growth and differentiation, leading to a 
wide variety of neoplastic and immunodeficient 
disease states in a broad range of animal hosts. 

Life cycle of retrovirus
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Mechanisms
of retroviral-induced oncogenesis 

 Oncogene capture 

 Insertional activation 

 Growth stimulation plus two-step 
oncogenesis 

 Transactivation 

Oncogenes 
and Tumor-Suppressor Genes

 Activation of proto-oncogenes and loss of tumor-
suppressor genes are genetic changes 
associated with carcinogenesis. 

 Chemical DNA interactions and carcinogen DNA  
adduct  formation lead to this type of genetic 
change in human cancer 

 Chemically induced DNA damage is an early step 
in the carcinogenic process. 
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Four steps of Carcinogenesis

 Tumor initiation

 Tumor promotion

 Malignant conversion

 Tumor progression
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Tumor initiation

 The initial genetic change that occurs as the 
result of chemical DNA interaction

 Carcinogen  DNA adduct formation is central to 
theories of chemical carcinogenesis, and it can 
be considered to be a necessary, but not a 
sufficient, prerequisite for tumor initiation.

 DNA adduct formation that results in either the 
activation of a proto-oncogene or the inactivation 
of a tumor suppressor gene can be considered to 
be a tumor initiating event 

Tumor Promotion 

 The process of selective clonal 
expansion of initiated cells 

 Tumor promooters are generally  not 
nonmutagenic, carcinogenic alone, 
and often (but not always) able to 
mediate their biologic effects without 
metabolic activation. 
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Tumor promoters

 These agents are characterized by 
their ability 
– to reduce the latency period for tumor formation after 

exposure of a tissue to a tumor initiator or 

– to increase the number of tumors formed in that tissue. 

– to induce tumor formation in conjunction with a dose of 
an initiator that is too low to be carcinogenic alone.

Tumor-promoting chemicals

 Dioxin, 

 Benzoyl peroxide, 

 Macrocyclic lactones, bromomethylbenzanthracene, 

 Anthralin, 

 Phenol, 

 Saccharin, 

 Dichlorodiphenyltrichloroethane (DDT), 

 cigarette-smoke condensate, 

 polychlorinated biphenyls (PCBs),  
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Biologic Response to Tumor Promoters

 The biologic effects of tumor-promoters 
lead to selective clonal expansion of 
initiated cells and are reversible, 
suggesting that the mechanism is 
epigenetic. 

 Protein kinase C
– represent a target for anticancer therapy. 

 Phorbol esters produce different effects in 
different cell types.

Malignant Conversion

 Carcinogenesis requires the malignant 
conversion of hyperplastic cells from a benign to 
malignant state

 Malignant conversion is the transformation of a 
preneoplastic cell into one that expresses the 
malignant phenotype. 

 This process requires further genetic changes. 

 increased substantially by the exposure of 
preneoplastic cells to DNA-damaging agents 



11.12.2017 г.

21

Tumor Progression 
 the expression of the malignant phenotype and 

the tendency of already malignant cells to 
acquire more aggressive characteristics with 
time. 

 A prominent characteristic of the malignant 
phenotype is the propensity for genomic 
instability and uncontrolled growth. 

 that invasion and metastasis are manifestations 
of further genetic and epigenetic changes. 

 the activation of proto-oncogenes and the 
functional loss of tumor-suppressor genes 

Cancer Prevention

 Avoidance of known or potential 
carcinogens

 Modification of associated factors

 Removal of “at-risk” tissues

 Chemoprevention

 Screening programs

 Gene therapy
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Principles of Treatment :

 Surgical therapy – early stage/debulk

 Chemotherapy -

 Radiotherapy

 Immunotherapy
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 Most anticancer treatment is directed 
towards killing actively dividing cells.

 Complications: Bone Marrow aplasia, 
alopecia, sterility, GIT, lung, kidney 
damage).

 Newer drugs target tumor cells by immune 
mechanisms or hormones.

Principles of Treatment :

It is easy to kill cancer 
cells, but the challenge is 

keeping the patient alive at 
the same time ...!


