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INTRODUCTION TO CANCER

Initiation

Healthy normal cells have close communication with their neighbors through cell adhesion molecules that keep them in contact and through gap junctions that allow the exchange of information across cell walls. In cancer cells when the DNA mutates and fails to replicate properly then erroneous proteins are coded for and enzyme disruption ensues. The cellular response is to draw away from its neighbors and cease to communicate freely. It now becomes isolated from external control mechanisms and is able to develop at will. This process is called initiation. 

Promotion

Growth stimulating compounds include Vascular Endothelial Growth Factor (VEGF), ( fibroblast Growth Factor ((FGF), Epidermal Growth factor (EGF) and others. These agents are used by healthy cells in a controlled and regulated fashion to govern their metabolic functions. However, cancer cells may be unusually sensitive to these compounds or may produce unusual amounts of them and thus the cells may not be able to resist and are subject to abnormal stimulating stresses with no ‘off’ switch. This process is called promotion. 

Proliferation
Growth stimulating compounds cause unchecked proliferation until the point at which repetitive DNA errors give rise to self-stimulating cells that no longer even need adverse agents in the interstitial environment. Oncogenes are expressed and if neoplastic growth continues unchecked then a tumor will result. These cells have malignant features such as the ability to invade and metastasize, to mutate rapidly and accommodate when faced with adverse conditions, to induce the growth of new blood vessels and so to facilitate tumor growth. 

Each normal cell is programmed so that when it reaches the end of its functional life (basically when all the enzyme systems are oxidized and dysfunctional) it undergoes a spontaneous death called apoptosis. Cancer cells fail to undergo apoptosis properly and are persistent and aggressive. As the cells of the malignant tumor replicate and the cancerous growth expands, so it competes with normal tissues for space and nutrients. Eventually the normal tissue atrophies and dies. Normal body cells demonstrate a phenomenon known as contact inhibition, such that when they divide and migrate (e.g. skin cells multiplying to heal a cut) their excessive migration is inhibited by contact on all sides with other cells. Malignant tumor cells do not exhibit contact inhibition so they can just keep on replicating and migrating without any natural checks.

Different cancers grow at different rates. Thus the doubling rate of breast cancer is 40 – 100 days (fairly quick) while the doubling rate of lung cancer is 60 – 270 days, of colorectal cancer 630 days and of prostate cancer of 740 days (slow).

Appearances of Neoplastic Growth

Benign Tumor

Local

Well-differentiated cohesive cells.

Usually contained within fibrous capsule.

Grows from center outwards, with well-defined edges.

Slow growing.

Smooth, rounded and soft.

Very rarely metastasizes.

Only fatal if compromising vital organs.

Malignant Tumor

Rapid and continued growth.

Direct invasion of edges into neighboring tissues

Uncohesive and disorganized cells.

Rough, irregular and hard.

Metastasizes readily

Often outgrows blood supply ( ischaemic necrosis
Clinical differences between benign and malignant cells

Characteristic



benign tumor
                        malignant tumor__________

Structure and differentiation

typical of tissue of origin
atypical


Nuclear membranes

typical of tissue of origin
frequently irregular


Mitochondria


typical of tissue of origin
decreased in number


Endoplasmic reticulum
typical of tissue of origin
diminished and smooth


Cytoplasm


typical of tissue of origin
RNA particles scattered, 


Golgi apparatus

typical of tissue of origin
diminished or increased


Cell membrane

typical of tissue of origin
simplified

Rate of growth



usually slow


rapid or very rapid

Mode of growth


mostly encapsulated 

infiltrative

Vascularity



slight



moderate or significant




Metastases



absent



frequent

Necrosis and ulceration

rare



frequent

Recurrance after surgical removal
rare



frequent

Fatality



usually does not kill host
usually kills host

______________________________________________________________________________

Postulated causes of neoplastic growth

There are many possible reasons why a previously healthy cell should become cancerous. In our daily life we are all exposed to many hundreds of carcinogens or substances which may promote cancer development. The classical example here is tobacco smoke predisposing to lung cancer, other examples include asbestos which predisposes to pleural cancer, aniline dyes which predispose to bladder cancer, and UV rays which predispose to skin cancer. These are all exogenous factors (i.e. occur in the environment) and as such they only predispose to cancer. In other words, not every smoker gets lung cancer, not every sun bather gets skin cancer. With all the exogenous carcinogens, the likelihood of cell damage occurring is increased by repeated exposure and the development of cancer is a multi-factorial phenomenon.

Endogenous factors in the development of cancer are those that arise from within the body. Within the genetic material of every cell are genes that regulate growth and development. These genes may undergo changes leading to disruption of their control mechanisms such that they encourage inappropriate growth of the cell. These genes are called oncogenes and the initial stimulus to disrupt the control mechanism may be an exogenous carcinogen or may be an inherited tendency. Hormonal influences are another factor in endogenous stimulation e.g. ovarian and breast cancer are nearly always pre-menopausal when there is a high circulating level of estrogen.

Viruses are exogenous factors that appear to act by disrupting endogenous processes. Over 100 viruses have so far been identified as being carcinogenic including the papilloma virus that causes genital warts and is a causative agent in the development of cervical and ano-rectal cancer. and the Epstein Barr virus that causes infective mononucleosis and is a causative factor in the development of Burkett’s lymphoma and Hodgkin's disease. They probably initiate cancer by inserting or adding nucleotide bases to the DNA. 

Research in April 2003 at the University of Michigan showed that stem cells may be responsible for breast cancer. They have been a known feature of leukemia for some time but have never been identified in solid tumors before. Stem cells are a form of trophoblast or immature cell with multi-potential. Trophoblasts are specialized cells in the embryo that form the placenta. They have migratory, invasive and proliferative features and they secrete human chorionic gonadotropin (HCG), all of which features are also found in cancer cells. The U of M researchers found that of all the millions of cancer cells shed daily by an aggressive tumor, only a tiny fraction were truly malignant, and they were the ones that most resembled stem cells. 

Dr Muhammed Al-Hajj has found that the most malignant cancer cells all express the same surface protein markers called CD (cluster of differentiation) 44 and they all have low or very low levels of another cell surface maker called CD24. This indicates an immunological difference in cancer cells compared to normal cells that may point towards potential immuno-therapies. 

GENERAL CLINICAL FEATURES OF CANCER
Danger signals/warning signs
Change in bowel or bladder habit

Non-healing sores

Unusual bleeding or discharge

Newly discovered lumps

Dysphagia

Obvious changes in moles or warts

Persistent cough or haemoptysis

Persistent hoarseness

Loss of weight and appetite

Persistent tiredness

Local effects:
Lumps or obstructions

Infiltration leading to local pain

Tissue necrosis leading to bleeding and/or infections

Metastatic effects
Swollen lymph nodes

Shortness of breath (lung metastases)

Jaundice (liver metastases)

Fractures (bone metastases)

Epilepsy (brain metastases)

Systemic effects
Fever

Blood disorders

Anemia

Hormonal and metabolic disorders

CLASSIFICATION OF TUMOURS
A neoplastic growth may be classified in 4 different ways:

1. Histogenesis i.e. tissue of origin.

2. Behavior i.e. benign or malignant

3. Site

4. Primary or secondary/metastatic.



HISTOGENIC CLASSIFICATION

Tissue of Origin          

Benign          


Malignant


Germ cells
Dermoid cyst
Teratoma

Surface epithelium
Papilloma
Carcinoma

Glandular epithelium
Adenoma
Adenocarcinoma

Fibrous connective tissue    
 Fibroma
Fibrosarcoma

Fatty connective tissue
Lipoma
Liposarcoma

Vascular Tissue
Angioma
Angiosarcoma


NB.  Carcinomas spread via lymphatics,  Sarcomas spread via blood stream.

Staging:  This refers to the extent to which it has spread in the body.

     Stage 1:  in situ

     Stage 2:  invading adjacent tissues

     Stage 3:  distant metastases

Grading: This refers to the extent to which the cancer cells resemble their tissue of origin.

     Grade 1:  well differentiated

     Grade 2:  moderately differentiated
   

     Grade 3:  slightly differentiated

     Grade 4:  poorly differentiated

The higher the stage or grade the worse the prognosis

TNM Classification:  This refers to Tumor, Node and Metastases. Each is given a number from 1 - 4 to indicate their severity.  E.g. T1, N0, M0. = Localized, no lymph node involvement, no metastases.

 T4, N4, M3  = highly graded and staged tumor, considerable lymph node involvement, marked metastases.

CANCER PHYSIOLOGY

Initiating factors

Genetics 

Toxins

Radiation

Viruses

Hormones

(
All can trigger gene transcription instability and DNA mutations    (  formation of aberrant proteins    (
faulty enzyme function  (  defects in physiological processes and disturbance of Cell Adhesion Molecules   (   loss of cell to cell communication and consequent isolation of damaged cell    (   failure to regulate growth and reproduction

(
Promoting factors

Growth factors (VEGF, EGF, (FGF, TNF( and ( and other growth stimulators or promoters) 


Cox 2 and 5, 12 and 15 LOX  over expression leading to increased thromboxanes and leukotrines

Copper accumulation (and zinc deficiency)

Oxidative stress and free radicals

Oncogenes (myc, fos and jun and others) and the proteins they code for leading to enzyme deficiencies and failures

Mutation of regulatory proteins such as p 27 and p53

(
disruption of signal transduction and transcription

disruption of Extra Cellular Matrix 

(
Proliferation

Angiogenesis

Migration of vascular endothelial cells

Invasion

Production of immunosuppressive & immune shielding compounds (   immune evasion

Metastasis

DNA MUTATIONS
DNA mutation may be initiated by many things including exposure to carcinogens such as radiation, pollution or viruses. 

Types of mutation

· Transformation of one nucleotide base into another (the commonest mutation)

· Deletions or additions of nucleotide base sequences

· Addition of extra molecules, usually a methyl or CH4 group, to a base, by alkylating agents 

· Fuses of two bases together by ultra violet radiation 

· Addition of oxygen groups to the bases by free radicals 

Gene mutations lead to deranged production or activity of transcription factors, abnormal signal transduction, oncogene over expression and tumor suppressor gene under expression. 

Epigenetic DNA mutation

This is a specific kind of gene mutation that is functional not structural and hence reversible. These mutations are characterized by the methylation of cytosine bases and they play a role in determining which genes are activated for transcription. Thus methylation is an ‘on-off’ switch for the production of proteins. The greater the degree of methylation the less the gene expresses. Because these errors are not perceived by the body as a problem, they are passed to daughter cells. In cancer cells oncogenes tend to hypo-methylated and therefore over expressed while tumor suppresor genes tend to be hyper-methylated and therefore under expressed. 

The impact of hyper and hypo methylation on the progression of cancer is considerable.  

Hyper-methylated genes (under expressed)
P53 (inspects cell during mitosis and identifies flaws)

Transforming growth factor ( (a protein that represses cell proliferation)

Estrogen receptor protein (estrogen is an inhibitor of prostate cancer)

Cell to cell adhesion proteins, especially the gene controlling E cadherins 

Hypo-methylated (over expressed)
Oncogenes

The clinical application of methyl donors eg. SAMe and co-factors eg. choline, folate and B12 may be therapeutic. 

Abnormal gene expression results in protein signals that assist proliferation and malignant behavior. The malignant cell both produces and responds to these proteins and hence positive feedback generates an unsustainable, self-consuming cycle. There are 4 types of protein signals:

1. Errors in the p 53 gene produce p53 proteins that fail to induce apoptosis in faulty cells during mitosis. Errors in the Bax gene  also produces proteins that fail to induce apoptosis in faulty cells and errors in the Bcl-2 gene produce excessive amounts of proteins that protect against apoptosis in cancer cells.   

2. Errors in some genes can create proteins that induce angiogenesis, assist in invasion, metastasis or evasion of the immune system. 

3. Over-expression of oncogenes such as fos, myc and jun, can produce the fos, myc and jun proteins that act as transcription factors to induce the expression of the cyclin genes that drive mitosis. 

4. Errors in some genes can produce proteins that facilitate signal transduction (the movement of messages from the surface of the cell to the nucleus). These proteins include growth factors, growth factor receptors, kinase enzymes, ras proteins etc.  Over production of these leads to increased signal transduction and abnormal activity of transcription factors such as Activator Protein 1 (AP-I) and Nuclear Factor kappa ( (NF-k().

APOPTOSIS

Apoptosis or programmed cell death is the default position for normal healthy cells. Unless they receive regular and consistent signals from neighboring cells indicating “do not die”, then normal healthy cells will self destruct. In cancer cells the “do not die” signals are over expressed, they overwhelm the “do die” signals and the cells become malignant.  

“Do die” signals are generated by three primary sources and the cancer cell has evolved specific ways of dealing with them.

1) Cellular damage especially that involving DNA. The p53 gene will try to repair DNA damage or to induce apoptosis if it is irreparable. Cancer cells often have mutated p53 and hence cannot control cancer development. 

2) Anti-growth factors such as Transforming Growth Factor ( (TGF() are present in normal and neoplastic cells. TGF( regulates proliferation and differentiation. It is multi-functional and can stimulate or inhibit cell proliferation depending on several circumstances. Cells of advanced cancers lose their sensitivity to TGB( either by under-expressing TGB( receptors or by disabling TGB( signaling. Some cancers produce TGB( and use it’s immuno-suppressive effect to evade detection by the immune system. Cancer cells can avoid or delay apoptosis by decreasing their sensitivity to the inhibitory effects of TGB(. Because it is multi-functional, TGB( can also stimulate cell proliferation by binding to the receptors of other growth factors and can facilitate angiogenesis by increasing the production of certain growth factors. 

3) Some “do die” signals come from inside the cancer cell. Some such as the Bax 1 gene produce proteins that induce apoptosis. Cancer cells often mutate these ‘killer’ genes. 

GROWTH FACTORS 
Growth factors are protein molecules that bind to receptors on the outside of the cell to elicit a chemical signal that is transferred to the cells nucleus through a series of enzyme mediated reversible reactions called signal transduction. In the nucleus this results in the activation of transcription factors and the initiation of specific gene expression. 

Epidermal growth factor (EGF)
Uses the Protein Tyrosine Kinase (PTK) receptor. The EGF receptor is over expressed in many cancers. It can be induced by growth factors, including EGF and TGF(. EGF receptor binding causes increased cell proliferation, cell mobility, invasion and metastasis. 

Fibroblast growth factor (FGF)
Uses the PTK receptor. There are several sub-types of FGF that are produced by different cancers. They are heparin-binding proteins, a fact which allows them to be stored in the extra cellular matrix where they may exert a prolonged effect upon the adjacent cells. They stimulate cell proliferation and especially angiogenesis. 

Insulin like growth factors (IGF)
Use the PTK receptor. These stimulate cell proliferation and share many properties with insulin except they do not stimulate glucose uptake and utilization by cells. 

Platelet derived growth factor (PDGF)
Uses the PTK receptor. Stimulates the proliferation of epithelial cells in particular. Naturally released by platelets to promote would healing, they can be produced by cancer cells to promote malignant growth. 

Transforming growth factor alpha (TGH()

Uses the PTK receptor. Binds to EGF receptors and induces angiogenesis. 

Transforming growth factor beta (TGH()

Uses an unique three-protein receptor. A multifunctional protein that controls proliferation and differentiation. It can stimulate or inhibit depending on the cell type and conditions. Usually inhibitory in early stage cancer, the cells develop resistance to it then in advanced cancer the cells use it to promote invasion and metastasis, partly through its immuno-suppressive effects. 

Vascular endothelial growth factor (VEGF)
Uses the PTK receptor. Induces endothelial proliferation and vascular permeability and is involved in angiogenesis. Related to PDGF and produced by epithelial cells, macrophages and smooth muscle cells. 

SIGNAL TRANSDUCTION

Signal transduction requires a step-wise progression of protein phosphorylation, catalyzed and controlled by kinase enzymes. In many cases the receptor itself is partly composed of a kinase enzyme. The protein tyrosine kinase receptor type is predominant, and there are a whole family of these coded for by oncogenes.  They are receptor-enzyme units that span the cell membrane and comprise an extra cellular receptor domain, a trans-membrane domain and an intracellular tyrosine kinase receptor. The extra-cellular portion of the PTK is activated by a growth factor and this activates the intracellular portion to initiate phosphorylation or the process of signal transduction. 

Abnormally high PTK activity is a pro-cancerous event and proliferation, migration and angiogenesis can be limited by using PTK inhibitors.  

Natural compounds that inhibit PTK (Boik 2001)

CAPE (from Propolis)

Curcumin

Emodin

Flavonoids including apigenin, luteolin, quercetin, genistein and Green tea

Hypericin (light activated)

Parthenolide

Protein kinase C is another signal transduction agent that exists widely in cells, especially in the brain.  It is intracellular and is activated by PTK. There are at least 12 related lipid-dependent enzymes in the PKC family and many are over expressed in cancer cells.  A signal generated by receptor binding with a growth hormone activates PTK. This then activates both cytosolic and membrane PKC by way of secondary messenger molecules (diacylglycerol, arachidonic acid, inositol triphosphate (IP3). These secondary messenger molecules also stimulate the movement of cytosolic PKC towards the inner cellular membrane where they may be phosphorylated to permit signal transduction. 

During cytosolic PKC activation, phosphorylation of the kinase receptor activates the enzyme phospholipase A2 (PLA2). This activated enzyme causes the release of arachidonic acid from the cell membrane which in turn stimulates the phosphorylation of cytosolic PKC. Omega 3 rich fatty acids such as are found in fish cannot be converted to AA and thus they do not promote PKC activity and exhibit and anti-cancer effect.

During membrane PKC activation, phosphorylation of the kinase receptor activates the enzyme phospholipase C (PLC). This enzyme cleaves phosphatidyl inositol biphosphate (PIP2), a membrane bound compound, into two parts: a lipid diacylglycerol which remains embedded in the inner cell membrane, and a non-lipid portion called inositol triphosphate (IP3) which moves into the cell. Low levels of IP3 in the cytosol, such as are found in cancer cells, stimulates the release of calcium ions which, in turn, stimulates the movement of PKC to the plasma membrane for phosphorylation. Higher levels of IP3 such as can be achieved through supplementation can act as an ‘off’ switch to cancer cells and can inhibit proliferation. 

PKC activity is commonly increased in cancer cells and plays a role in angiogenesis and metastases. It may also be responsible for regulation of telomerase that helps to organize cell components for cell cleaving. PKC inhibition may support multi-drug resistance by cancer cells, and reduce invasiveness.

Natural compounds that inhibit PKC (Boik 2001)

CAPE (from Propolis)

Curcumin

Emodin

Flavonoids including apiegnin, luteolin, quercetin and Green tea

Hypericin 

Omega 3 fatty acids (EPA / DHA)

Selenium

Vitamin E

IP6 (inositol hexaphosphate

There are several other kinase enzyme systems in the cell membranes and in the cytosol. These are generally inhibited by the same items that inhibit PTK and PKC but often requiring lower doses. Thus quericitin, luteolin, emodin and hypericin all inhibited phosphatidylinositol kinsase (PIK) at lower concentrations than those required to inhibit PTK and PKC. Similarly, curcumin inhibits phosphorylase kinase, a key regulatory enzyme  involved in the intracellular metabolism of glucose. Apigenin inhibits mitogen activated protein kinase (MAPK) and this reverses and prevents ras transformation of fibroblast cells, in vitro. 

Therapeutic agents are able to elicit such wide spread and diverse results because these compounds tend to affect similar receptors in each enzyme. The common theme between PTK, PKC, MAPK, PIK is that they all require ATP to donate phosphorus for energy that sparks the transduction of the signals. Phenolics and especially flavonoids are inhibitors of ATP enzyme activity and may down regulate several protein kinase enzyme systems. 

Because multiple protein kinase enzyme systems co-exist and can be over expressed or inhibited by multiple therapeutic agents, a broad based, multi-faceted approach is recommended. 

Cyclin dependent kinases
There is a specific family of proteins called cyclins that control the signals which drive cell division (cycling). They are activated by binding with another group of kinases called the cyclin-dependent kinases (CDK) and this provides healthy cells with an opportunity to inhibit and regulate cell division. In healthy cells the ability of CDKs to activate cyclin is held in check by a family of cyclin-dependent kinase inhibitors. These inhibitors include the proteins p21 and p27. Induction of p21 by p53 proteins is one way the p53 halts the cell cycle in injured cells. Induction of p21 stops cell proliferation and permits DNA repair.  P21 can also be induced independently of p53. The p27 protein mediates the growth inhibiting effects of TGF(. Loss of p27 activity is associated with a poor prognosis in cancer. 

Cancer cells often under-express p21 and p27 genes and induction of these genes is a therapeutic goal. This may be achieved by inducing p53 expression or by other mechanisms.

Natural compounds that induce p21 or p27 activity (Boik 2001)
Vitamin A

Flavoinoids including apigenein, genistein, green tea

Silymarin

Vitamin D3 (1,25-D3)

Vitamin E

Ras proteins
Ras proteins play a primary role in the MAPK (mitogen activated protein kinase) transduction cascade. Phosphorylation of a surface receptor such as PTK stimulates the membrane bound ras protein. This in turn stimulates phosphorylation  of the kinase cascade consisting of raf, MEK and MAPK. Activation of MAPK plays a central role in initiating cell proliferation because it directly interacts with nuclear transcription factors. Ras proteins also initiate other signal transduction cascades including PIK and activation of PKC. 

Ras proteins, via stimulation of the MAPK signal transduction cascade, induce the expression of the MDM2 gene whose protein serves to inhibit  p53 activity. Ras proteins are often over expressed in cancer cells.  Ras is an oncogene, capable of inducing mutagenic changes in cells and inhibition of the gene expression is a therapeutic goal. 

PTK and PKC activation leads to downstream Ras protein activation so PTK and PKC inhibition also inhibits ras protein expression. 

Natural compounds that inhibit ras gene expression (Boik 2001)

Quercitin 

Vitamin A

Vitamin E succinate

Vitamin D3

Another way to inhibit ras protein function is to inhibit production of the lipid tail. Ras proteins are activated, made functional, when they acquire a lipid tail and become embedded in the cell membrane. This lipid is an isoprene unit and hence the protein is said to isoprenylated.  Normal cells produce isoprenes through the same pathway as cholesterol and over 20,000 isoprenes are known in plants and animals, including vitamins A and E, beta carotene, CoQ10 and plant monoterpenes. The starting material for these diverse molecules is acetate, through enzyme reactions initiated by the gate-keeper enzyme hydroxymethylglutaryl-coenzyme A reductase (HMGR). This is the reaction inhibited by Statin drugs which are now being investigated for their anti-cancer activities. One of the by-products of acetate metabolism is farnesyl pyrophosphate. Ras proteins are attached to this lipid compound by the enzyme protein transferase (FPTase) and hence are sometimes called farnesylated proteins. 

Inhibition of HMGR may inhibit cancer in other ways as well. Another category of farnesylated proteins is the laminins that form the thin inner wall (lamina) of the nuclear membrane. Inhibiting this through HMGR depletion disrupts cancer cell reproductive ability.  

A further by-product of  acetate metabolism is geranylgeranyl pyrophosphate (GGPP) that yields 

several end products including vitamin E, tocotrienols, vitamin A, CoQ10, rubber, vitamin K, diterpene compounds and something called dolichol phosphate. This compound plays a critical role in the assembly of glycoproteins such as growth factors, enzymes, growth factor receptors and membrane components. Inhibiting dolichol phosphate through HMGR depletion disrupts cancer cell stimulus.

A further possible way by which HMGR reduction inhibits cancer is by reducing cholesterol that is required for building new cell walls. 

Compounds that inhibit HMGR or FTPase
Red rice yeast extract

Monoterpenes – limonene, perillyl alcohol, geraniol (these inhibit HMGR at low doses and FTPase at higher doses and interfere with synthesis of IGF-1 receptors)

Omega 3 fatty acids (EPA and DHA)

Garlic (allicin, ajoene, diallyl disulphide)

THE EXTRA CELLULAR MATRIX

This is a complex of gelatinous connective tissue that surrounds all cells and through which must filter all the electroytes, metabolites, hormones, growth factors, enzymes, dissolcved gases, trace elements, carbohydrates, fats and protein. In it also are stored many compounds including growth factors. It is made of proteoglycans and glycosaminoglycans (GAGs), long, repeated sugar chains with embedded elastic, reticulin and collagen fibers. There are 4 basic types: heparin sulphate , chondroitin sulphate, keratin sulphate and hyaluronic acid. 

The production and maintenance of the ECM is dynamic and the entire ECM of the body is replaced almost monthly. Since the GAGs are cellular products this is how the cells regulate the structure and hence the function of the ECM. Cancer cells tend to manufacture under-sulfated and hence dysfunctional GAGs and this favors migration and invasion. 

Proteases include collagenases that regulate collagen levels and elastase that regulates elastin levels. Glucosidases include hyaluronidase that regulates hyaluronic acid levels. This is the  major enzyme that breaks down connective tissue. Cancer cells manufacture and release hyaluronidase. Hyaluronidase has been suggested as a potential diagnostic plasma marker.

Hyaluronidase is produced on the edges of tumors and partially ‘digests’ ECM to allow easier cancer penetration and spread. It also protects the cancer cells from immune surveillance. Tumor-generated hyaluronidases produce hyaluronic acid fragments that act as angiogenic factors. 

Heparanases break down heparan sulphate, a component of the ground substance of the ECM. Sulfated polysaccharides including dextran sulfate and xylan sulphate, heparin (the drug) and fucoidin from Sargassum seaweed, can inhibit the enzyme and thus inhibit invasion and metastases. 

Natural compounds that inhibit ECM degradation (Boik 2001)

Apigenin - a flavone from Apium graveolens (celery seed)

Matricaria chamomilla 

Passiflora incarnata 

Propolis and caffeic acid phenethyl ester (CAPE)

Boswellic acids

Centella asiatica

Aescin from Horse chestnut

Luteolin

Proanthocyanidins

Resveratrol

Ruscus asculetus (Butcher’s broom)

Vaccinium myrtillus (Bilberry)

Bioflavonoids

Glucosamine sulphate and other GAGS from bovine cartilage,

Proteases can stimulate inflammation, cell proliferation, invasion, metastases and angiogenesis. 

Collagen accounts for around 30% of the body’s protein store and the cancer must pass through the collagen to migrate. The major group of collagenases that are active in cancer are the matrix metallo-proteinases (MMPSs). These are a family of at least 15 zinc-dependent enzymes that degrade ECM.
Natural compounds that inhibit collagenase Boik 2001)
Proanthocyanidins and anthocyanidins

Centella asiatica

ECGC

EPA

Curcumin

Emodin

Genistein

Luteolin 

Quercitin

PSK and other mushroom polysaccharides

Vitamin A

Vitamin C

CELL ADHESION MOLECULES

Cell to cell and cell-matrix communication occurs through cell adhesion molecules (CAMs) on the outside of cells and through gap junctions between cells. 

CAMs are complex glyco-protein molecules on the outer surface of the cell. They
  

-
control intra-cellular and cell-to-cell communication

· regulate organ architecture

· regulate cell migration

· regulate mitosis and apoptosis

· regulate immune function

There are hundreds of CAMs on a cell, interlocking and enmeshing each cell with all the others in a tissue. Each may exist for only a few hours as the gene coding for it is activated and deactivated. Signals generated by CAMs travel to the nucleus via protein phosphorylation and messages from the nucleus influencing CAM behavior travel back via the same mechanism. In this way PTK, PKC and other proteins that carry out that signal transduction, as well as free radicals, can affect CAM function and activity. 

Cancer cells fail to maintain these inter-cellular connections and hence fail to receive contact inhibition signals from adjoining cells. They also fail to receive ‘do not die’ signals from neighboring cells. 

There are 4 basic types of CAMs:

1) Selectins  (cell surface lectins) are strings of proteins that bind carbohydrates to the cell surface and glue cancer cells together. There are different types according to their location. L-selectin is expressed in leucocytes and attaches to activated endothelial cells. E-selectin is produced by endothelial cells and attaches to leucocytes. P-selectin is pre-formed, stored in platelets and binds to the same molecules as E-selectin. When over expressed, as in cancer, selectins aid cancer cells in the blood stream to arrest on the vascular wall and to initiate invasion. E-selectin is up-regulated by NFK(. Selectins also bind sugars to the cell surface and it may be possible to fill all the binding sites with certain sugars and thus reduce the initial binding of tumor cells to the vascular wall in early invasion. One sugar that does this is MCP. Dietary lectins may be able to preferentially bind to cancer cells and thus regulate cell-to-cell communication and slow metastases. 

(   modified citrus pectin (provides D-galactose), anti-oxidants, PTK inhibitors, PKC  inhibitors, Resveratrol, Flavonoids including quercitin, apigenin, luteolin.

2) Integrins anchor cells into the extra-cellular matrix by binding with collagen, laminin and fibronectin. They act as receptor sites for Immuno-globulin super family cell adhesion molecules. Quantitative and qualitative change in integrin expression has been noted in many cancer patients.  In some cases, integrin binding inhibits cancer progression by keeping cancer cells in contact with adjacent cells. Over expressed integrin binding, though, leads to arrest of cancer cells on the vascular walls and permits invasion and metastasis. 

The ‘do not die’ signals provided by contact with adjacent cells and the matrix are mediated through integrin-induced stimulation of PTK, PKC and other kinases. For example, integrin activity causes an increase, via signal transduction, in expression of the anti-apoptotic Bcl-2 gene, thus encouraging cell longevity. Cancer cells, not being in contact with their neighbors, miss these signals and compensate by up-regulating signal transduction. Excess signal transduction in turn stimulates integrin expression and activation, leading to increased migration and invasion. 

Leukotrine inhibitors may also inhibit integrin binding. Leukotrines may function as growth factors to initiate inflammation. Metastatic cell lines are associated with increased PKC activity and increased production of or sensitivity to leukotrines. EPA and DHA, which inhibit PKC activity and leukotrine production may reduce the expression of Integrins and other CAMs. 

      (  EPA, DHA, genistein, vitamin D

3) Immuno-globulin super family cell adhesion molecules provide primitive, non-specific immune functions, as well as being co-factors for leukocytes. There are N-CAMs found in nervous tissue, ICAMs that are intercellular adhesion molecules and V-CAMs found in vascular tissue and PE-CAMs that are platelet endothelial CAMs. They assist immune cells (and cancer cells) to arrest at a target location on the vascular wall. They are up-regulated by NFK(. 

Selectins, Integrins and Immuno-globulin super family cell adhesion molecules are active in stimulating immune cell migration.
4) Cadherins: calcium-ion dependent molecules that mediate cell to cell binding and the structure of tissues. They bond to other cadherins on adjacent cells and form the tightest of all cell connections. They inhibit invasion and metastases. E cadherins is found in epithelial tissues, N cadherins in nerve tissue and P cadherins in placental cells.  Under expression of E cadherins indicates reduced cellular differentiation and likely poor progression. PTK rapidly down regulates E cadherins function so PTK inhibitors may be beneficial.  

(  Tangeritin, omega 3 fatty acids. melatonin, vitamin A

Cancer cells, which produce proteases like collagenase and elastase and glucosidases like hyaluronidase, can move readily through connective tissue by digesting the structural proteins of the ECM. Cells which exhibit the phenomenon of migration such as immune cells, fibroblasts and some cancer cells, carry specialized receptors for hyaluronic acid mediated motility (RHAMM) as well as various CD 44 proteins.  CD44 proteins are surface receptors for hyaluronic acid and, with the RHAMM proteins they serve to facilitate the uptake of hyaluronic acid and collagen into the cell, which are then degraded by the enzymes. 
GAP JUNCTIONS
These are portals between cells that allow direct exchange of molecules and ions. They are made of special proteins called connexins that span the cell membrane and are coded for by a family of tumor suppressing genes. Many tumorigenic agents disrupt normal gap junction activity. The genes that make these proteins can be down-regulated by hypermethylation in cancer, thus contributing to cell isolation. E-cadherin dysfunction and disruption to CAMs, as well as abnormal PKC activity and abnormal protein phosphorylation can all contribute to down-regulation of gap junctions. 

Natural compounds that promote normal gap junction activity (Boik 2001)
Apigenin

Vitamin A

Vitamin C

Vitamin D

Vitamin E 

Green tea

Genistein

CAPE

Resveratrol

Selenium

Beta carotene

Lycopene

Glutathione

A number of these are found to have variable responses depending on dose. Thus, for example, beta carotene and lycopene may inhibit gap junctions at high dose but improved gap junction activity at lower doses (but still higher than are usually given to patients). 

NF-k( may decrease gap junction activity so inhibitors of this may likewise prevent inhibition of gap junction activity. 

REDOX CYCLING

Free radicals are unstable oxygen molecules (Reactive Oxygen Species or ROS) that contain un-paired electrons. They initiate oxidative damage to protein, fats and DNA. In humans up to 5% of oxygen taken up in the lungs is converted to free radicals during respiration. The most toxic of these is the hydroxyl radical. Others include peroxyl and alkoxyl. Hydrogen peroxide and oxygen can also become free radical agents in the body. 

The body resists and repairs the ravages of free radicals and oxidative stress by a variety of mechanisms. 

The enzymes super-oxide dismutase, catalase, glutathione peroxidase
Endogenous anti-oxidants  glutathione, protein, uric acid
Exogenous anti-oxidants flavonoids, beta carotene, vitamins C & E

There is a dynamic balance of anti-oxidants and oxidants that exists in healthy cells and can be lost in cancer cells. Fluctuating concentrations of free radicals allows the body to activate or to deactivate many cell functions including enzyme activity and gene expression. 

Redox reactions entail loss of an electron by one molecule and gain of an electron by another molecule. The redox state or redox potential refers to the dynamic balance between these two states. Most anti-oxidants are unstable molecules with an extra electron and they work by donating an electron, thus stabilizing both themselves and the free radical. In other cases the anti-oxidant becomes an oxidant when it donates its electron and is, in turn, quenched by another anti-oxidant. This can continue in a cascade and is one reason why it is clinically helpful to provide an array of anti-oxidants. The final common electron donor is NADH in the electron transfer chain of the mitochondria. NADH gains its spare electron through glucose metabolism, and glucose is thus the universal anti-oxidant. 

The primary source of free radicals in the cell is O2 which is converted into free radicals during cellular metabolism and in redox reactions. Oxygen donates an electron and becomes the oxidant superoxide molecule. This is converted to hydrogen peroxide (H2O2) by superoxide dismutase while this in turn is converted to harmless water by catalase and glutathione peroxidase. Oxidised glutathione is reduced, and hence recycled, by the enzyme glutathione reductase. Cancer cells are frequently deficient in SOD and catalase and consequently build up superoxides and H2O2 that damage neighboring cells. Immune cells such as macrophages give off free radicals and redox reactions with iron and copper also generate lots of free radicals. Proteins, especially those containing cysteine, also under go redox reactions and this can act as an on/off switch to activate or deactivate the protein. 

Cancer cells normally exist in an oxidative state which promotes proliferation and increased survival. ROS damage DNA and give rise to mutations. They may increase some types of redox signaling and inactivate certain transcription factors such as p53 that code for cell death. Oxidative stress also impedes normal cell to cell communication. On the other hand cancer cells tend to be more sensitive to oxidative stress than normal cells. Thus they must live in a dynamic balance between sufficient ROS to disrupt cell functioning and not so much as to disable the cell entirely. 

Immune cells, especially macrophages, produce significant amounts of ROS, and if sufficient this may overwhelm and destroy the cancer cells. Immuno-suppressive compounds such as Interleukin 10, TGF( and PGE2 can be produced by cancer cells to inhibit the effects of ROS from immune cells. The subdued immune response may then assist in creating an optimal environment for cancer progression. 

TRANSCRIPTION FACTORS
Transcription factors bind to the regulatory portion of a gene and initiate gene transcription. They regulate inflammation, angiogenesis, cell invasion and apoptosis. Their quantity is determined by gene expression, thus oncogenes may over or under express certain transcription factors. Their activation is dependent on signal transduction of a message sent by a growth factor in a cell surface receptor, a cell to cell communication or cell damage. Important transcription factors include p53 protein, Activator Protein 1 (AP-I) and Nuclear Factor kappa ( (NF-k(). Cancer cells gain an advantage by disabling p53 and over expressing NF-k(. 

P53 protein

p53 controls progression through the cell cycle by stimulating the regulatory portion of the p21 gene when it notes abnormal DNA replication, thus inhibiting cell division. It also initiate DNA repair, and if irreparable it initiates apoptosis by increasing the expression of the Bax gene. Thus p53 acts as a transcription factor, binding to multiple receptor proteins and stimulating a variety of genes.  

Mutations in the p53 gene are common in cancer cells and are associated with poor prognosis,  although also associated with improved responsiveness to chemotherapy. Some cancers may express mutated p53 more than others and this varies between individuals. Reducing p 53 mutation is a therapeutic goal. The functioning of p53 protein is governed by ras activity via the effects of ras proteins on MDM2 expression, and by the redox status and trace mineral status of the cancer cell. The p53 protein contains 12 different cysteine particles and these are sensitive to anti-oxidants.  If copper replaces zinc in p53 it renders it dysfunctional.  

In cancer cells with normal p53 genes, stimulation of these genes with natural compounds initiates apoptosis. Functionality of p53 can probably be optimized by minimizing iron and copper levels, by disabling ras proteins and by maintaining a reducing environment in the cell through the use of anti-oxidants. 

Natural compounds that initiate apoptosis via p53 stimulation (Boik 2001)

Melatonin

Curcumin

Reveratrol

Ginsenosides

Vitamin E succinate and quercitin may reduce the expression of mutated p53.

Retinoic acid, interferon ( and vitamin E may selectively disable mutated p53. 

Folate and other methyl doors may reduce the expression of mutated p53.

Activator Protein 1 (AP-I) and Nuclear Factor kappa ( (NF-k()

These are transcription factors controlling a wide array of cellular activities, especially immune function. They can protect cells from free radical induced apoptosis and protect cells against toxins. NF-k( activity leads to inflammatory responses and cell proliferation, mediated by Tumor Necrosis Factor (TNF) an immune cytokine that promotes angiogenesis but in higher doses is toxic to cancer cells, by collagenases, by cell adhesions molecules (ISCAMs) and by interleukins 1, 2, 6 and 8. Cancer cells thrive in the hypoxic, acidic environment generated by low levels of inflammation. AP-1 comprises a pair of fos and myc proteins that stimulate the expression of genes that drive the cell cycle. In cancer cells the amount and activity of NF-k( and AP-1 are excessive and they encourage cell proliferation while protecting from apoptosis. 

NF-k( can be influenced through redox regulation and some anti-inflammatories such as aspirin exert their effect by inhibiting NF-k( activity. Other drugs prevent the disassociation of NF-k( from I-k(. Most of the time NF-k( is ‘dormant’ in the cell, bound to I-k(. When this bond is broken by protein phosphorylation the NF-k( is freed to travel to the nucleus to control gene expression. The anti-inflammatory glucocorticoids work in part by preventing this disassociation of  NF-k( from I-k(.

External stimulants such as growth factors initiate a signal at the membrane receptor. ROS can affect these surface receptors (eg. a receptor PTK) by making them more sensitive to activation by growth factors or, through inhibition of protein tryrosines phosphatases, by making it less easy to turn off the activation once initiated. ROS can also stimulate intracellular kinases such as PKC. 

Surface receptors and internal kinase enzymes can be blocked by kinase inhibitors. Signals originating from activated receptors or intracellular kinases or ras proteins can be blocked by anti-oxidants. If they are not blocked then these signals stimulate NF-k( and AP-1 activity which in turn stimulates gene transcription, which leads to increased inflammation, proliferation and cell migration. 

Thus the redox status is linked to signal transduction via protein phosphorylation pathways in two ways.

1) surface receptor activity and intracellular kinase activity is sensitive to ROS

2) activation of these kinases and ras proteins produces ROS

Thus exogenous ROS generate endogenous ROS and both encourage cancer formation. 

The ability of NF-k( and AP-1 to bind to DNA and initiate gene transcription is controlled in part through redox status. An oxidative environment is required in the cytosol for NF-k( to be activated but a reducing environment is required in the nucleus for NF-k( to bind to DNA. Thus noted fluctuations of pH in healthy cells may serve a purpose in permitting and inhibiting different metabolic processes at different times. Overall it is observed that anti-oxidants tend to inhibit NF-k( and AP-1 activation and / or binding and thus are anti-cancerous.

Hypoxia as is seen in malignant tumors and in inflammation and wound healing, tends to promote AP-1 activation. In compensatory reoxygenation free radials are produced and NF-k( is stimulated.  

NFK( up-regulates selectins and other CAMs and this activity may influenced by anti-oxidants, PTK inhibitors and PKC inhibitors. 

Natural compounds that inhibit NF-k( through an anti-oxidant effect (Boik 2001)

Melatonin

Vitamin E succinate

Alpha lipoic acid

Vitamin C

N-acetyl-cysteine

Natural compounds that inhibit NF-k( by non-antioxidant means (Boik 2001)

Vitamin D

Apigenin

Curcumin

CAPE

EGCG

Emodin

Genistein

Luteolin

Parthenlide

Proanthocyanidins

Quercitin

Resveratrol

PTK and PKC inhibitors

Leukotrine inhibitors

Natural compounds that inhibit AP-1 by non-antioxidant means (Boik 2001)

Curcumin

EGCG

Genistein

Quercitin

Selenium

PTK inhibitors

ANGIOGENESIS
This refers to the growth of new blood vessels and occurs wherever the body grows new tissue such as healing wounds, repairing and then rebuilding the endometrial lining, ovulation and pregnancy. As such it is a normal and necessary physiological process. Abnormal angiogenesis occurs in many pathologies, especially those entailing chronic inflammations such as rheumatoid arthritis, psoriasis, atherosclerosis and benign and malignant tumors.  The growth of solid tumors is dependent upon the rate of angiogenesis, which in turn depends upon the array of growth factors and growth inhibitors in the local environment. Because angiogenesis is required for wound healing and other metabolic functions, the goal of anti-angiogenic therapy is selective inhibition of angiogenesis in cancer tissue but not in healthy cells. Normal healthy capillary cells reproduce approximately every 7 years. In tumors this may accelerate to every 7 – 10 days. This capillary cell reproduction rate is a target for therapy. 

Sequence of angiogenic events

· Cancer cells or adjacent cells secrete angiogenic factors

· Basement membrane surrounding a mature capillary vessel dissolves and a capillary bud forms. 

· Vascular endothelial cells proliferate and migrate from the bud towards the angiogenic stimulus (a cancer cells or an area of hypoxia).  

· The bud forms a lumen, joins with another bud and becomes a new vessel

Buds can form within 48 hours of exposure to an angiogenic factor. Tumor angiogenesis results in chaotic blood vessel formation and weak, poorly developed basement membranes. New vessels are thin walled and leaky. Some buds fail to join up and become dead end vessels. These factors plus the lack of lymphatic tissue in the tumor, contribute to pressure gradients that compress vessels and further constrict and restrict blood flow within the tumor. This limits the uptake of therapeutic agents and immune cells into tumors and eventually contributes to central necrosis that is common in larger tumors. 

Angiogenic factors

Primary

Basic fibroblast growth factor (bFGF)

Vascular endothelial growth factor (VEGF)

Secondary

Inflammatory eicosanoids (eg PGE2)

Fibrin and plasmin

Histamine

Lactic acid

Tumor necrosis factor (TNF) at low concentrations

Kinins

Platelet activating factor (PAF)

Epidermal growth factor (EGF)

Platelet derived growth factor (PDGF)

Interleukins 1, 6 and 8

Elastase

Collagenase

Urokinase plasminogen activator (uPA)

Transforming growth factors ( and ( (TGF(  and TGF( )

Vascular endothelial cells are always surrounded by growth factors and are always ready to proliferate to heal a breach in a blood vessel. This is necessary for rapid repair to prevent hemorrhage. They are prevented from proliferating excessively by several factors.

Mechanical forces 

Growth factors sometimes require mechanical force (pressure) to function. This force is generated by the tension that exists between the cell and the extra cellular matrix (ECM) and is mediated by CAMs. Vascular endothelial cells are resistant to growth factors when there is sufficient external pressure on the cell wall to prevent it spreading or expanding. This is a function of the relative viscosity of the ground substance of the extra cellular matrix. Thus factors which weaken the ground substance can cause endothelial cells to become sensitive to growth factors. 

Angiogenic substance binding 

Growth factors may be bound in the ECM and be rendered unavailable for cell stimulation

Angiogenesis suppressor genes  

Tumor suppressor genes such as p53 may inhibit angiogenesis

Anti-angiogenic compounds  

Inhibitors of angiogenesis include thrombospondin (under the control of p53) and angiostatin. 

Natural compounds may inhibit angiogenesis through promotion of cell to cell communication and cell matrix connections, inhibition of inflammation, and maintenance of proper tension between cells. 

Vascular endothelial cells proliferate and migrate from the bud towards the angiogenic stimulus (a cancer cells or an area of hypoxia).  In wound healing hypoxia occurs from a lack of blood circulation to the traumatized tissue. In tumors hypoxia is a result of inflammation and disordered vasculature. Hypoxia inhibits proper mitochondrial function and carboxylic acid cycling. This leads to increased lactic acid production and hence contributes to angiogenesis. The hypoxia induced lactic acid accumulation also contributes to inflammation. Failure of the mitochondria to properly undergo the Krebs cycle leads to inefficient energy use and excessive requirements for glucose. Tumor cells consume glucose at up to 5 times higher than healthy cells. Insulin, which makes available this glucose, may thus be a cancer promotor. 

The process of wound healing and it’s similarity to cancer

The factors that stimulate angiogenesis and wound healing are largely the same as those that stimulate cancer. In cancer however, it is driven by abnormal signals and carries on unabated. 

Wound healing requires blood coagulation and blood clot formation, inflammation and the formation of new connective tissue. It occurs in four stages:

1. Activated platelets form a temporary plug to staunch blood flow. At the same time inflammation is initiated with the release chemotaxic and other factors from the injured cells. Histamine from circulating basophils or ruptured mast cells causes the blood vessels in the region to dilate and become permeable. This permits the exit of immune cells from the blood stream to the ECM and also allows local edema to occur. Complement (immune) cells that leave the circulation to enter the ECM cause the mast cells to release yet more histamine. 

2. Neutrophils and Macrophages migrate to the site and release further inflammatory factors that initiate angiogenesis. In the earlier stages neutrophils predominate but in chronic inflammation macrophages predominate. Macrophages produce TNF, growth factors, enzymes and other stimulating compounds. 

3. Fibrin, deposited into the clot, strengthens it and becomes the predominant material of the clot. Fibrin is a product of the blood protein fibrinogen and is destroyed through fibrinolysis by the enzyme plasmin, made from plasminogen under the influence of urokinase plasminogen activator (uPA). Tumor concentration of uPA, produced by both macrophages and tumor cells, is an independent prognosticator for breast, stomach, colo-rectal, esophageal, renal, endometrial and ovarian cancers. Fibrinolysis and fibrin formation exist in a dynamic balance that shifts through the course of wound healing. Initially it favors fibrin formation then alters to favor fibrinolysis. Fibrin degradation products stimulate angiogenesis. The fibrin stroma that occurs around a tumor plays a significant role in regulating angiogenesis and tumor invasion.  In a healthy state, as wound healing is completed, fibroblasts infiltrate the stroma and lay down new, healthy connective tissue to replace the clot. In cancer the stroma is a chaotic mass of fibrin fragments, immature blood vessels and disorganized connective tissue. Immune cells may infiltrate the stoma and produce angiogenic factors. The fibrin stoma may also shield the tumor from immune attack. A sticky fibrin coating may also help metastasizing cells to adhere to blood vessel walls. 

4. The clot is slowly dissolved by plasmin and replaced with connective tissue, inflammation recedes and angiogenesis stops. Connective tissue is produced by fibroblast cells that are under the influence of  Basic Fibroblast Growth Factor (bFGF), which itself is angiogenic. This bFGF may be secreted by immune cells and tumor cells, but in healthy tissues it also exists in a bound and inactive form in the ECM. Tissue injury and subsequent release of degradative enzymes that liberate the bFGF contribute to angiogenesis.  The major compound that binds bGFG is heparan sulphate.

Macrophages as inducers and inhibitors of angiogenesis
Macrophages are the predominant  immune cell at tumor sites and can both induce and inhibit new blood vessel formation and tumor progression. This is parallel to their dual role in wound healing where they promote angiogenesis in the second and third stages of healing but inhibit it in the fourth stage. In tumors the inhibition stage is not reached and the tumor is akin to non-healing lesion. 

As well as carrying out phagocytosis at the site of an injury, macrophages produce a variety of compounds such as TNF and ROS that disable or kill invading pathogens. In sufficient quantity these may also disable or kill cancer cells, but in smaller amounts they can act as facilitators of tumor proliferation and angiogenesis.  Macrophages may also produce or activate angiostatin and thrombospondin that in turn inhibit angiogenesis. However, the overall role of long term, low-grade chronic inflammation and persistence of macrophages in cancer sites is promotion of angiogenesis and tumor progression. Macrophages may produce over 100 potentially angiogenic compounds but TNF, in small amounts, is a particularly potent macrophage-derived angiogeneic factor because it stimulates the production of several other angiogenic compounds including VEGF, PDGF, EGF and bFGF. 

Inhibiting Angiogenesis
Several angoiogenic factors produce increased vascular permeability and / or inflammation, either of which may, in turn, produce more angiogenic factors.  The rate limiting step in angiogenesis is vascular permeability and VEGF is an important inducer of permeability and hence of angiogenesis. Plasma concentrations of VEGF are predictive of recurrence and survival in cancer patients.  

Inhibition of angiogenesis may be achieved in many ways.

Inhibition of VEGF production 

VEGF is produced in response to hypoxia and secondarily in response to other growth factors such as PDGF, EGF, TNF and TGF( which are largely produced by macrophages. Inhibition of these growth factors can reduce angiogenesis. Because the receptors for most growth factors are protein tyrosine kinases, VEGF inhibition is achieved through the use of anti-oxidants and PTK, PKC, AP-1 and leukotrine inhibitors.  

The production of VEGF by macrophages may also be stimulated by the marked oxygen reperfusion that occurs in hypoxic tissues after re-exposure to oxygen. Thus as angiogenesis progresses and delivers more oxygen to previously hypoxic tissues so a high concentration of free radicals is formed and this promotes more VEGF. Anti-oxidants may inhibit this. 

Natural compounds that reduce VEGF (Boik 2001)

Genistein

Curcumin

EPA

Selenium

Luteolin

Apigenin

ECGC

CAPE

PSK (Coriolus)

Normalizing vascular permeability

Increased vascular permeability at injury sites facilitates inflammation and the release of angiogenic compounds. Compounds that promote connective tissue integrity and especially those with a tissue specificity for vascular tissue are indicated. 

Natural compounds that inhibit vascular permeability (after Boik 2001).

Anthocyanidins and proanthocyanidins

Ruscus aesculetus

Centella asiatica

Aesculus hippocastanum

Vaccinium spp

Inhibiting inflammation

Eicosanoids from omega 6 fatty sources tend to be more inflammatory and pro-cancerous, while eicosanoids from omega 3 fatty acid sources tend to be anti-cancerous. Malignant cells secrete excessive amounts of prostaglandins, especially PGE2 which increases inflammation, angiogenesis and cancer cell proliferation.  Cyclo-oxygenase inhibitors reduce angiogenesis and tumor progression in vivo, apparently by blocking VEGF and bFGF production. Many cancer cells over express the COX2 gene.. 

Leukotrines regulate angiogenesis induced by growth factors and also stimulate angiogenesis independent of growth factors through the stimulation of NFk(. This transcription factors acts as a key control mechanism in lipoxygenase and cyclo-oxygenase production and may itself promote leukotrines production in a self-feeding cycle that is uncontrolled in cancer cells. 

Leukotrines may be even more important than PGE2  in stimulating cancer cell proliferation. The leukotrine 5-HETE can protect cancer cells against apoptosis. 

Natural compounds that beneficially affect prostanoid and leukotrines synthesis (Boik 2001)
Boswellic acids

CAPE and propolis 

Curcumin

EPA and DHA

Flavonoids including genistein, apigenin, luteolin, quercitin, ECGC)

Garlic

Glutathione enhancing agents (eg. NAG)

Melatonin

Parthenolide

Resveratrol

Vitamin E

NFk( inhibitors

PTK inhibitors

Increasing macrophage derived TNF

While in smaller amounts TNF may induce angiogenesis, in larger concentrations it becomes a potent inhibitor of angiogenesis. Immuno-suppressive substances such as PGE2 that are produced by cancer cells can reduce macrophage activity sufficiently to keep TNF low. Thus immune stimulation may be anti-angiogenic. 

Inhibiting low concentrations of TNF 
Because this can induce angiogenesis it may be beneficial to inhibit TNF. 

Natural compounds that inhibit low concentrations of TNF (Boik 2001)

Vitamin A

Caffeic acid

Curcumin

ECGC

Emodin

EPA

Resveratrol

Hypreicin

Luteolin

Parthenolide

Quercitin

Reduction of angiogenic signals
Hypoxia and elevations of lactic acid are key conditions that promote angiogenesis. When hypoxic cells exist in a high insulin environment, such as occurs in Syndrome X, the insulin stimulates hypoxic cells to produce even more lactic acid. The signals induced by hypoxia travel to the nucleus by multiple pathways often involving PKC. Inhibitors of PKC can reduce the synthesis of VEGF in hypoxic tissues and can inhibit VEGF induced endothelial cell proliferation in vitro.  Apigenin, luteolin, quercitin and vitamin C have all shown promise in reducing the levels of lactic acid generation. Diets high in omega 6 fatty acids promote insulin resistance, possibly via chronic activation of PKC, natural compounds that can reduce insulin resistance include omega 3 fatty acids, and other PKC inhibitors. 

Regulation of basic Fibroblast Growth Factor (bFGF)
This is an angiogenic factor the presence of which is positively correlated with reduced survival in many cancers including breast, kidney and uterus. It is stored in the ECM bound to heparan sulphate and is inactive until released from this protein binding. Thus stabilizing the ECM reduces the availability of bFGF. Also, TNF stimulates the production of bFGF by macrophages so inhibitors of TNF can also reduce the availability of bFGF. 

Inhibition of histamine release from Mast cells
One response of injured tissue is to release histamine from Mast cells in a process called ‘granulation’ due to the histamine being stored in ‘granules’ on the cell. . Histamine degrades ECM, increases vascular permeability and stimulates angiogenesis. 

Natural compounds that inhibit Mast cell granulation (Boik 2001
Eleutherococcus senticosis

Flavonoids including apigenin, luteolin, genisyein, quercitin, ECGC and proanthocyanidiiins

Vitamin C

PTK and PKC inhibitors

These are substances traditionally used to treat allergies and asthma, conditions also attributed to Mast cell granulation. According to Hein Zeylstra, herbalists have traditionally used Chamomile, Nettle and Ephedra to inhibit Mast cell granulation. 

Inhibition of Mast cell migration

Mast cells migrate towards tumors in response to growth factors (VEGF, PDGF, EGF, bFGF) produced by the tumor. Improved structural integrity of the connective tissue can slow the progress of Mast cells. 

Regulation of fibrin formation, deposition and degradation

The fibrin stroma may assist tumor progression by providing a physical support, by shielding it from immune attack and by fibrin degradation products that are angiogenic. Thus fibrinolytic agents may inhibit tumor progression but may also promote angiogenesis through provision of more fibrin degradation by-products.  Orally administered fibrinolytic agents such as garlic and bromelain appear to inhibit metastases and the perfusion of anti-cancer agents into solid tumors without promoting angiogenesis

Chelation of copper
Copper is an angiogenic agent. It is required for the proper formation of new vascular architecture and also increases the binding of angiogenic factors to endothelial cells. Elevated copper causes increased production of free radicals. Levels should be in the lowest 20th percentile and elevated levels should be evaluated and treated with zinc, molybdenum, luteolin, alpha lipoic acid, green tea catechins proanthocyanidins and Resveratrol supplementation as needed. Molybdenum acts by forming insoluble and unabsorbable complexes with copper in the intestines.  

Provision of adequate intakes of vitamins A and D
This has shown to inhibit angiogenesis.

METASTASIS
This is the movement of malignant cells from a primary tumor to a distant site where they form a colony that becomes a new tumor. Metastatic cells travel through blood and lymphatic vessels and the cells must penetrate the basement membrane of the blood vessel in order to invade underlying tissue. Up to 1 billion malignant cells daily can be released from a primary tumor and although a large percentage of them succeeds in crossing the basement membrane only a tiny fraction (perhaps 0.001 percent) of them ever succeeds in forming a new tumor. This appears to be a key control point and possible target of therapeutic intervention.

Sequence of metastasis
· Cells detach from the primary tumor and invade the basement surrounding the local 
blood vessels by production of proteolytic enzymes; a process called intravasation. 
Facilitated by chaotic and weak capillary networks within primary tumor. Cell 
detachment increases as the cell grows then becomes ischaemic and undergoes central 
necrosis. Mechanical stress, increased hydrostatic pressure, increased proteolytic activity 
and decreased expression of CAMs may also contribute to intravasation. 

· Migrating cells in the blood stream evade attack by immune cells. Natural killer cells and 
macrophages attack the migrating cancer cells in the circulatory system. Agents that 
enhance immune function such as PSK polysaccharide from Coriolus versicolor 
mushroom can reduce metastasis by this mechanism. Migrating cells may also be 
damaged or overwhelmed by mechanical forces in the tiny capillaries or by the relatively 
high oxygen concentrations in arterial blood. To protect themselves the migrating cells 
manufacture glutathione and it is possible that anti-oxidants may be pro-cancerous by this 
mechanism.

· Migrating cells adhere to the blood vessel wall; a process called cell arrest. Several 
factors 
contribute to this process including CAM activity, vessel damage, platelet 
aggregation and fibrin formation. Trauma and inflammation damage capillary vessels and 
induce angiogenic factors that may permit easier spread of malignant cells. This can 
include the trauma of surgery. Tumor cells manufacture excess fibrin and are ‘sticky’ so 
that cells can more easily aggregate and form a cluster that is more likely to be arrested. 
They also secrete PDGF that protects them in the circulation. Fibrinolytic enzymes such 
as bromelain and papain can reduce this aspect of metastasis as well as inducing digestion 
of CD44 surface proteins and immune stimulation. Tumors may induce platelet 
aggregation and hence fibrin activity, clot formation and easier cell arrest through the 
induction of prostanoids and disturbance of the balance between prostacyclin (PG1) and 
thromboxanes. Aspirin and COX2 inhibitors reduce this effect.

· Arrested cells exit the blood vessel by penetrating the epithelial cells and basement membrane; a process called extravasation. As with intravasation, local trauma and inflammation can contribute to ease of cells exiting the blood vessel after arrest.

· The tumor cells proliferate and induce angiogenesis as a new tumor develops. 

Natural compounds that act as anti-coagulants (Boik 2001)
Allium sativum

Anthocyanidins

Astragalus membranaceous

Bromelain

Curcumin

Emodin

EPA

Flavonoids including quercitin, apigenin and luteolin

Ganoderma lucidum

Genistein and other PTK inhibitors

Panax ginseng

PSK from Coriolus versicolor

Resveratrol

Tanacetum parthenium

Vitamin E

IMMUNE SURVEILLANCE
The immune system attempts to detect and destroy all malignant cells in the circulation and in the ECM, and cancer cells have evolved various means of evading detection. 

T cells are lymphocytes that are activated in the thymus gland and are classified according to their ‘cluster of differentiation’ or CD count. Thus CD4 cells are T Helper 1 and 2 cells and CD8 cells are T suppressor cells. The so-called ‘cluster of differentiation’ is a specific cell surface protein CD4 and CD8 are proteins that assist T cells in binding with antigen-presenting cells in a similar way to how the CD44 protein is a cell adhesion molecule that binds to components of the extra cellular matirix. This process is aided initially also by ICAMs that aid cellular sticking. 

Cells of the innate immune system  (macrophages and granulocytes that derive from myeloid stem cells) carry out phagocytosis on invading pathogens or cellular debris and then place a part of the protein constituents on their surface as an antigen, in a carrier molecule called the major histocompatibility complex MHC). 

Non-granulocytic innate immunity

Macrophages
Activated by microbial constituents but not antigens.

Carry out phagocytosis and present pathogenic antigens to T cells.

Natural killer cells
These release compounds that kill virus-infected cells and they may also destroy malignant cells

Granulocytic innate immunity

Neutrophils, eosinophils, basophils, mast cells

Neutrophils are the primary phagocytes and the first at the site of an injury. Eosinophils are active against parasites. Basophils are active in inflammation and allergies and those in tissues are called mast cells. Granulocytes are not very active against cancer.

Leukocytes (adaptive immunity)
CD4 T cells
Th1 cells are helper T cells that are activated by antigen-major histocompatability complex II aggregates on infected macrophages. They cause macrophages to kill bacteria within themselves and they release chemotaxic cytokines. Th2 cells are T helper cells that are activated by antigen- MHC class II aggregate on B cells. They stimulate B cells to produce antibodies.

CD8 T cells

These are T suppressor cells that are activated by antigen-MHC class I aggregate on infected cells and destroy them. 

B cells

These are B lymphocytes that are activated by contact with an antigen and which both present antigens to T cells and produce antibodies. 

Accessory cells
Antigen-presenting cells

Dendritic cells, macrophages and B cells that are activated by contact with and antigen or by a viral infection and present the antigens to T cells. 

Antibodies produced by the B cells of the adaptive system are immunoglobulins, related in part to some of the CAMs. They can travel in the blood stream and reside in the tissues. On encountering an antigen the antibodies can neutralize it in several ways. They can surround the antibody so that it is immobilized. They can coat it to make it more recognisable by macrophages and NK cells; a process called ‘opsonization’. They can activate the ‘complement’ pathway that makes plasma proteins which bind to antigen-antibody complexes and make them easier targets for the macrophages and NK cells. This is called the direct complement pathway. Complement proteins can also bind to sugars (lectins) on the pathogen surface and cause the cell to rupture or can bind directly to a pathogen and rupture its membrane (the alternative complement pathway).

Cytokines are a variable group of proteins that exert influence on themselves or on adjacent cells through via specific cytokine receptors. These technically include growth factors, but the term ‘cytokines’ is generally understood to refer to proteins secreted by cells of the immune system. They are especially involved with the control of hematopoeisis, the inflammatory response and the immune response. Multiple cytokines exert simultaneous influences and their precise mix and proportions will determine the overall effect on the cell, organ or body. 

Interleukin 2 (IL-2) is the primary cytokine that initiates CD8 (suppressor) cell proliferation after antigen presentation. The activated CD8 cell secretes destructive proteases and cytotoxins that weaken the extra cellular matrix, as well as itself secreting other cytokines such as interferon gamma and tumor necrosis factor (TNF) alpha and beta which can have direct anti microbial effects as well as, in turn, stimulating other immune cells. 

Cytokines control proliferation and activity of CD4 T cells in the presence of adequate levels of glutathione. The first response of a CD4 cell to antigen presentation is production of IL-2 which is self-stimulating. Interferon gamma, secreted by TH1 cells, is the primary cytokine to stimulate macrophage activity. The activated macrophage then produces TNF, IL-1 and IL-6 as well as proteases and free radicals. TH2 cells produce many cytokines that initiate or promote activation of B cells (acquired immunity). These include IL-3, IL-4, Il-5, IL-10, TGF-beta and colony stimulating factor.

Ways in which cancer cells evade immune recognition

· Disruption of the mechanisms of antigen presentation by the MHC complex

· Modulation of surface proteins to reduce cell adhesion

· Antigenic evasion where the tumor loses its surface antigens upon exposure to specific antibodies, or where cancer cells absorb and degrade the immune complex

· Induction of immune suppression caused by strong initial immune response and subsequent exhaustion of the immune response and overwhelming of the system. 

· Shedding of surface TNF receptors may occur to prevent TNF from binding with the cell and then destroying it. The shed receptors can then bind with the TNF in the blood stream and prevent it affecting other tumor cells.  

Activating and directing the immune responses is a key component of successful cancer therapies. Active immuno-therapy includes Coleys toxins and BCG vaccines. Passive immunotherapy includes the use of Interferon and Interleukins with remarkably good results in some conditions (75 – 85% in hairy cell and myelogenous leukemias). 

Natural remedies for immune regulation and normalization act mainly as either nutrients for the immune cells or as anti-oxidants. Their effects can stimulate or inhibit immune responses and thus may be helpful or unhelpful in different circumstances. For example natural agents that reduce Nuclear Factor Kapha beta  will also reduce the formation of Tumor Necrosis Factor. Thus TNF-induced inflammation and angiogenesis as well as NFK(-mediated cell proliferation are all reduced or inhibited, but the healthy cells can no longer produce sufficient TNF to launch an appropriate immune response against invading cancer cells. This may be balanced, however by the fact that most natural agents which inhibit NFK( also reduce Prostaglandin E2 production. PGE2 is immunosuppressive and normally aids cancer cells in evading immune surveillance, so reducing it aids immune function. 

Thus there are conflicts inherent in using immune agents, although on balance it seems that by using a wide array of overlapping and synergistic agents, the effects tend to be positive. 

Natural agents known to offer immune support (Boik 2001)

Astragalus membranaceous

Eleutherococcus senticosis

Gandoerma lucidum

Panax ginseng

Lentinus edodes

Glutamine

Glutathione enhancing or glutathione 

      sparing antioxidants

Selenium

Vitamin C

Vitamin E

Bromelain

Melatonin

To evade immune surveillance cancer cells produce excessive amounts of immuno-suppressive agents like PGE2 or immuno-suppressive cytokines like TGF( and IL 10. Natural agents that regulate these immunosuppressive compounds include PSK and other mushroom-derived polysaccharides, proanthocyanidins, omega 3 fatty acids, monotrerpenes like limonene and vitamin E. protein kinase inhibitors like genistein can block IL 10 signaling. 

Astragalus membranaceous, Eleutherococcus senticosis and Ganoderma lucidum are characterized by having high-molecular weight polysaccharides that regulate production of immuno-stimulating cytokines. 

Vitamin C, vitamin E and other antioxidants acts by quenching free radicals and also by enhancing intra-cellular glutathione levels. Adequate glutathione is required for optimal cell health and it also stimulates T cell activation by IL-2 and inhibits production of PGE2. 

Bromelain and other proteolytic enzymes can digest and ‘decommission’ cell surface proteins such as CD4, CD8 and CD44, all of which are regulators of the immune response. This provides a mechanism whereby proteolytic enzymes may mediate immune responses. Bromelain also increases the production of alpha-2 macroglobulin. This is a large protein produced by the liver and by macrophages in response to high circulating levels of protease enzymes.  It binds with endogenous proteases such as plasmin which limits protease-dependent tumor cell invasion and also reduces protease destruction of cytokines. Alpha-2 macroglobulin also facilitates the removal of growth factor and cytokines and competitive binding may act to regulate cancer cell activity. Alpha-2 macroglobulin also binds antigens and this complex is more readily presented by macrophages to T cells, this enhancing immune responses. In addition, alpha-2 macroglobulin directly stimulates macrophage activity. 

Cancer undergo excessive shedding of surface antigens in an attempt to overwhelm the macrophages and inhibit them from presenting antigenic material to T cells for immune activation. Proteolytic enzymes digest immune (antigen / antibody) complexes and facilitate normal macrophage function. Fibrinolytic enzymes may also digest the fibrin stroma with which cancer cells protect  themselves. Bromelain, papain, trypsin and chymotrypsin all stimulate cytokine activation and induce shedding of TNF receptors by cancer cells. 

Summary of the effects of proteolytic enzymes on the immune system (Boik 2001)

Digestion of surface proteins ( immunosuppressive

Increased shedding of TNF receptors ( immunosuppressive

Increased alpha-2 macroglobulin ( immunosuppressive and immuno-stimulating

Increased antigen presentation by macrophages to increase T cell activation  ( immuno-stimulating

Direct stimulation of macrophage activity ( immuno-stimulating

Increased cytokine production ( immuno-stimulating

Digestion of immune complexes allows improved macrophage functioning overall  ( immuno-stimulating

Increased fibrinolysis improves circulation for immune cell delivery to affected parts ( immuno-stimulating

Melatonin may inhibit proliferation of breast and other cancer lines by augmenting the anti-cancer effects of IL-2. IL-2 is not well tolerated at high doses so combining it with melatonin may be of benefit (up to 40 mg / day of melatonin have been used experimentally). Combining melatonin with herbs such as Astragalus that raise IL-2 naturally may also be helpful.

There are several ways to suppress aspects of the immune response. These include reducing signal transduction, NFK(, histamine release, vascular permeability, and immune cell migration as well as through anti-inflammatory actions. In general, agents which reduce PGE2 and leukotrines activity are best suited to immune suppression. Cancer cells undergo such abnormal metabolism that they are likely to be more susceptible than healthy cells to such compounds. 

Flavonoids (eg quercitin, genistein, apigenin) as immuno-suppressive agents
Inhibit eicosanoid-mediated inflammation

Inhibit histamine induced inflammation

Inhibit PTK and PKC activity

Inhibit cell motility

EPA / DHA as immuno-suppressive agents
Reduced PGE2 and 4 series leukotrines

Reduced pro-inflammatory cytokines such as IL-1, IL-6 and TNF

Modification of gene expression leading to reduced expression of T cell stimulatory molecules

Increased TGF( and Fas membrane receptors that induce apoptosis in immune cells.

Inhibition of PKC

Increased plasma membrane fluidity

Reduced ability of immune cells to present antigens to T cells and reduced ability to T cells to respond to antigen presentation.

These effects are largely due to easy oxidation of the polyunsaturated fat molecules and consequent utilization of vitamin E as an anti-oxidant, leaving it unavailable to counter other oxidative physiologic processes. 

Omega 3 fatty acids have also been shown to improve lymphocyte proliferation and natural killer cell activity and hence, prescribing it with vitamin E may have a regulatory and normalizing effect overall. 

PREVENTION OF CANCER WITH DIET AND LIFESTYLE

Billions of dollars have been spent attempting to find the cure for cancer but it remains the second leading cause of death in children and adults in North America. (It is second to accidents in children and heart disease in adults). 

33 – 35 % 
 percentage of cancer deaths that experts link to what we eat.




(Journal of the American Dietetic Association; 95, #1: 88-91)

50%  

How much you can reduce your risk of death from cancer, heart 



disease and other chronic ailments if you exercise.




(New England Journal of Medicine 345: 793-801)

18%

Percentage of Americans that eat 5 – 7 servings of fruit and vegetable 


daily.
(National Cancer Institute)

35%

Percentage of fruit and vegetables eaten daily in America in the form 


of French fries and potato chips.

.
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CORE STRATEGIES IN TREATING CANCER 

· Reduce genetic instability – Cancer cells produce free radicals and they thrive in the oxidative environment. The higher the level of oxidative stress the more rapid the rate of DNA mutation. It is important to improve redox signaling with anti-oxidants, support glutathione synthesis and methylation ( MSM, NAC. SAMe, B6, B12, folic acid, vitamin C, quercitin, bioflavonoids, lipoic acid, CoQ10, selenium, zinc, vitamin E, tocotrienols, carotenoids. 

· Polyamines are short carbon/nitrogen chains that stabilize DNA. They function as a point of convergence for multiple signal transduction pathways leading to cell proliferation.  Prevention of polyamine synthesis is known to inhibit cancer cell proliferation (  apigenin, vitamin A, caffeic acid phenethyl ester (CAPE), genistein, Green tea, limonene, quercitin, proanthocyanidins, SAMe, selenium, silymarin, ursolic 
acid (a triterpene similar to boswellic aicd), vitamin E.

· Reduce abnormal gene expression – Genes can code for tumor suppression or tumor stimulation. Genes that inhibit cancer progression (tumor suppression genes) are frequently under expressed (hypermethylated) in cancer cells and genes that facilitate malignant tendencies (oncogenes) are over expressed (hypomethylated).  To make new proteins requires copying of segments of DNA (genes) to make RNA, a process called transcription. Transcription factors are proteins that act like on-off switches in the nucleus to turn on gene expression. They include the p53 protein, nuclear factor kappa ( (NFK(), fos, myc and jun and activator protein–1 (AP-1). They may be activated by iron and copper accumulation. They may also mutate and cease to be effective. Thus cancer can be inhibited by normalizing transcription factors   (   vitamin E succinate, quercitin, retinoic acid, folate SAMe, melatonin, lipoic acid, vitamin C, NAC . 

· Induce differentiation in cancer cells  - Most cancer cells are less differentiated than normal cells, allowing them to proliferate rapidly. The degree to which a cell differentiates is regulated by gene expression. This makes it amenable to natural remedies that seek to regulate this physiological process.  (  vitamin A, boswellic acid, bromelain and other proteolytic enzymes, CAPE, apigenin, arctigenin, daidzein, genistein, emodin, EPA and DHA, luteolin, monoterpenes including perillyl alcohol and limonene, quercitin, resveratrol.

· Inhibit progression through the cell cycle – Growth factors stimulate the expression of the early oncogenes fos, myc and jun, which eventually lead to increased expression of other genes that drive the cell cycle. These initiatory growth factors can be blocked which keeps cells in the gap phase. Natural compounds can either reduce signal transduction from growth factor receptors or they can reduce abnormal transcription factor activity (   Arctigenin (from Burdock), Vitamin A, Boswellic acid, Bromelain and other portoelyticenzymes, CAPE, falvonoids including apigenin, luteolin, quercttin, genistein, daidzein, Emodin (from Aloe), EPA and DHA (eicosapentanoic acid and docosahexanoic acid from fish oils), Monoterpenes, Reveratrol, Vitamin D. 

· Induce apoptosis  (  apigenin, vitamin A, boswellic acid, CAPE, curcumin, Green tea, EPA, garlic, genistein, hypericin, quercitin, luteolin, monoterpenes, Resveratrol, selenium, vitamin C, vitamin D, vitamin E. 

· Modulate hormones  such as estrogen, progestins, androgens, adrenal hormones, insulin, melatonin  (  isoflavones (genistein, daidzein, biochanin A), lignans, coumestins, soy, flax, exercise and reduced sugar intake.

· Modulation of detoxification pathways (  DIM, Calcium D glucarate, bitters, hepatics, diaphoretics, diuretics.

· Reduce abnormal signal transduction - Signal transduction moves hormonal and other messages from the cell surface receptors to the nucleus It uses proteins including protein kinase C and other kinases. Abnormal signal transduction can be reduced by  (  Green tea and epi-catechins, Curcuma , apigenin, luteolin, genistein, hypericin, parthenolide, quercitin, Resveratrol, omega 3 fatty acids (EPA & DHA), selenium, vitamin E,  

· Promote cell to cell communication by normalizing cell adhesion molecule function (  tangeritin, modified citrus pectin, NAG, Gotu kola, glucose amino glycans (GAGs),  saponins, 

· Decrease vascular permeability and inhibit angiogenesis by degrading fibrin, normalizing vascular permeability, regulating prostaglandin (PG2) production, reducing COX-2, VEGF, (FGF, histamine, lactic acid, IGF-1, copper and iron (  molybdenum, zinc, sulphur, lipoic acid, selenium, nattokinase, serraflyzyme, bromelain, vitamins D and E, Echinacea, Curcuma, Green tea, anthocyanidins, Butcher’s broom, Gotu kola, Horse chestnut, 

· Inhibit invasion and metastasis by inhibiting hyaluronidase, elastase and collagenase and strengthening connective tissue and by reducing platelet aggregation (   Gotu cola, escin from Horse chestnut, ruscogenin from Butcher’s broom, Horsetail, Plantain, MSM, anthocyanidins, apigenin, luteolin, boswellic acid, proanthocyanidins, Resveratrol, vitamin C. Strengthening of the basement membrane also inhibits tumor invasion (   Coriolus versicolor and other medicinal mushrooms.

· Reduce inflammation and normalize prostaglandin and leukotrines activity (   boswellic acid, CAPE, bee propolis, curcumin, EPA and DHA, flavonols including quercitin, luteolin & apigenin, garlic, melatonin, Resveratrol and vitamin E. agents that enhance glutathione may also be helpful (NAC, reduced glutathione, silymarin). PTK activity may mediate the activation of phospholipase A which releases arachidonic from the plasma membrane for use in producing leukotrines (    genistein.

· Support the immune system (  Astragalus. Reishi, Eleutherococcus senticosis, Panax ginseng, Cordyceps, Shiitake, Maitake, AHCC, glutamine, NAC, selenium, vitamin C, vitamin E, quercitin. 

· Support the adrenal system  ( tyrosine, Pantothine, alpha ketoglutarate, creatine phosphate, Taurine, magnesium, potassium, carnitine, CoQ10, Reishi, Licorice, Eleuthero., Verbena, Borago.

· Inhibit aromatase activity in hormone dependent breast cancer (  chrysin, passionflower, passion fruit, chrysanthemum, nettle root, DIM, shiitake, maitake, Reishi. 

CANCER TESTING

Blood tests

1) Complete blood count – look for low white or red blood cells, low hemoglobin, low platelets, 
low B12, folic acid or ferritin. 

( 

Treat for anemia but don’t use high doses of iron, use vegetable sources where possible. 

Use immune boosters and especially astragalus and milletia to build bone marrow. 

Use bone marrow broths.

Use B12 and folic acid, chlorophyll, astragalus, ceonothus to support bone marrow function.

2) Blood chemistry – look for low or high glucose, low protein, albumin or uric acid, high 
creatinine, AST, ALT, lactate dehydrogenase or alkaline phosphatase.

(
Elevated blood glucose leads to elevated insulin-like growth factor 1 and this feeds cancer growth cycles. Adjust glycemic balance as needed through diet and chromium / vanadium / herbs etc. Low albumin or low total protein indicate a need for more dietary intake. Use bitters or digestive enzymes and hydrochloric acid to aid digestion. Adjust diet to increase digestible protein. Address low gastric pH if needed.

3) Low uric acid indicates poor toxin clearance, especially of aldehydes. It also indicates 
immune system and especially lung stress. 

( 

Use shrimp and other shellfish, red meat and molybdenum to raise it. Aid aldehyde clearance with pantethine and Taurine.

4) ALT and AST are markers of liver stress. 

( 

Use Milk thistle, Curcuma , Ashwagandha, Eleuthero., Green tea, and Licorice to reduce this.

5) Alkaline phosphatase rises when there is excessive bone metabolism (metastases) and in 
liver metastases.

( 

Use vitamins D and K, ipriflavone, boron, calcium, phosphate, silica, horsetail and comfrey to strengthen bone and normalize metabolism.  Use Licorice, Curcuma , Milk thistle, Artichoke, Schizandra and NAC to support the liver. 

6) Copper, zinc and ceruloplasmin – copper feeds angiogenesis. Ideal is to be in the lowest 
20 percentile of normal. Ceruloplasmin is stored copper.

( 

Cilantro, black beans and molybdenum to chelate it out of the tissues, Zinc to compete for binding and absorption.

7) UPA – urokinase type plasminogen activator – a proteolytic enzyme that contributes to 
weakening of the extra-cellular fluid matrix. Should be < 3 ng / mg of protein. Elevation 
indicates poor prognosis. 

( 

Alpha and gamma linoleic acids, Green tea and catechins.

8) DHEA – dihydroepiandrosterone – a steroid precursor hormone that inhibits glucose and 
phosphate dehydrogenase which feeds cancer metabolism. Often deficient, especially in 
pre-menopausal breast cancer. 

( 

7 Keto (a DHEA precursor therefore not specifically androgenic) 

9) Lipid profile – elevated cholesterol indicates high activity of 3 hydroxy 3 methyl glutaryl 
co-enzyme A reductase (HMG-CoA) in the liver which makes cholesterol but also 
promotes cancer cell activity. 

( 

Taxanes (in Yew), Leukemenin B (in Rhabdosia), Limonene (in citrus peel), geraniol and perillyl alcohol (in volatile oils), lycopene, allicin, eicosapentanoic acid and docosahexanoic acid in fish oils. 

10) Insulin like Growth Factor 1 – stimulates cell turnover. Down-regulated by IGF I binding 
protein that is activated by exercise and reduced calorie intake and improved insulin 
sensitivity. Especially significant in brain, prostate, breast, ovarian and gastro-intestinal 
cancers. 

( 

Exercise, low carbohydrate diet, weight loss, vitamin D, conjugated linoleic acid, vanadyl sulphate, lipoic acid, flax seeds, sunchokes, burdock root, chicory, dandelion root.

11) Sex hormone binding globulin in breast and prostate cancer – carries sex hormones and 
prevents them from locking into receptors on the cancer cells. 

( 

Flax seeds 

12) Prostate specific antigen (PSA) and free PSA and % free, testosterone, free testosterone, 
dihydrotestosterone and prostate acid phosphatase (PAP) in prostate cancer

13) CEA in many solid tumors eg. colorectal, breast, thyroid, prostate, as well as malignant 
pleural effusion.

14) CA 15-3 and CA 27-29 in breast cancer

15) CA 19-9 in cancers of the pancreas, breast, liver, stomach, thyroid and colon. 

16) CA 125  is a glycoprotein derived from coelemic epithelium. Increased in benign or 
malignant conditions that stimulate peritoneal synthesis. Used as a marker for ovarian 
and endometrial cancer.

17) Alpha feto protein in liver cancer, ovarian and testicular cancer. 

18) Anti-malignin anti-body – a non-specific cancer marker.

19) Arylsulfatase A – a lyzosomal enzyme found in all cells. Should be < 11 U/L. Elevation 
may indicate cancer of the bladder, colon or rectum or myeloid leukemia. 

20) (-2 microglobulin – This is a protein discharged by cells involved in multiple myeloma. 

21) Melatonin – often depleted in cancers of the breast and prostste and possibly others. 

22) Monoclonal protein – an anti-body produced by plasma cells and elevated in multiple 
myeloma.

23) Neurone specific enolase – a marker for neuro-endocrine tumors especially non-small 
cell lung cancer and neuroblastoma in children as well as pancreatic islet cell tumor, 
phaeochromocytoma, and medullary carcinoma of the thyroid gland.  

Enzymes and ectopic hormones:

24) Human chorionic gonadotropin  - many tumors, especially post-pregnancy / uterine 
tumors

25) Parathormone - kidney, lung

26) Adrenocorticotropic hormone – lung

27) Anti-diuretic hormone - lung

28) Melanin-stimulating hormone –lung

29) Thyroid-stimulating hormone - choriocarcinoma (placenta)

30) Insulin – lung

31) Isoenzymes - carcinoma of the prostate, breast cancer 

32) Human Chrorionic Gonadotropin - 
gestational trophoblastic tumors 

33) Placental alkaline phosphatase - choriocarcinoma, Hodgkin’s lymphoma, 

testicular cancer, reticulum cell carcinoma, multiple myeloma, carcinoma of the 
ovary, 
pancreas, colon, breast, uterus, bronchus.

34) Non-placental alkaline phosphatase - osteogenic sarcoma, parathyroid  carcinoma, 

 bone metastases from  cancers of the prostate, breast,  infiltrative cancers of the liver, leukemia, multiple myeloma, reticulum cell 
carcinoma.

35) Galactosyl transferase - Chronic lymphocytic leukemia, carcinomas of the lung, 
breast, 
esophagus, stomach, pancreas, colon, gall bladder.

36) Aminopeptidases - Carcinomas of the pancreas, liver, stomach, liver metastases

37) Gamma glutamyl transpeptidase - 
Carcinomas metastasized to the liver

38) Ribonuclease
- Carcinoma of the pancreas

39) Sialyl transferase – Leiomyosarcoma, leukemia, carcinomas of the breast, colon, 
lung, 
prostate

40) Immunoglobulins - Multiple myeloma

41) Insulin  & Gastrin - 
Islet cell tumors

42) Parathyroid - 
Parathyroid tumor

43) Prolactin - Pituitary tumor

44) Calcium - Thyroid medullary carcinoma, parathyroid tumor

Tumor tissue tests

· Growth phase – if most of the cells are in G0 or G1 phase then chemo may not be very effective. However, if lots of cells are in S phase then the chemotherapy drugs that target DNA synthesis will be more effective. 

· Estrogen and progesterone receptors and hormone levels in breast cancer – high positive for estrogen indicates a 55 – 60% response to endocrine therapy, positive for estrogen and progesterone receptors indicates 75 – 80% response to endocrine therapy. 


(  Where sex hormones are high, especially in the free (unbound) state, use 


antagonists and metabolic regulators such as flax seeds, licorice, chrysin, DIM 
calcium D glucarate, isoflavones, hepatic stimulants and aperients. 

· Mutated p53 gene – an immune suppressor gene that is involved in over 75% of all cancers. There are ‘check points’ for cellular integrity at the ends of G1, G2 and M phases of mitosis. Arrest at the G1 checkpoint is controlled by the p53 transcription factor, a protein that is coded for by the p53 gene. 


(  Quercitin, Inositol hexaphosphate (IP6)

· KI 67 – a marker of aggressiveness or cell proliferation. The higher it is the more susceptible the cell is to chemo. 

· Her2/neu – a tyrosine kinase a receptor that initiates cell proliferation.


(  Herceptin, Iressa, retinols, emodin, Resveratrol.

· Epidermal growth factor receptor – an integral membrane protein that regulates angiogenesis. Elevated levels indicate a worse prognosis and no detectable EGF-R is a good predictor of response to Tamoxifen.  Especially useful in non-small cell lung cancer, prostate, brain, kidney, pancreas and colon cancer. Elevation is targeted by Iressa and Tarceva (experimental new drugs). Do not use these concurrent with chemo. 

FOODS TO EAT

Organic, free-range birds e.g. chicken and turkey, organic, grass fed beef, buffalo venison. 1 - 2 times a week. All fish especially cold-water fish such as salmon, sardines, herring, halibut and mackerel. 

Small amounts of organically grown grains especially brown rice, buckwheat, millet, quinoa, barley, amaranth, spelt and oats. The whole grain is best, soaked for 4 hours then slow cooked. For flour products it is best to grind your own flours from the whole grain to prevent rancidity. Lentils, peas, beans, nuts and seeds, free-range eggs, organic yogurt. Eat soybeans and soy products regularly, preferably the fermented products like miso, natto and tempeh. Avoid or minimize processed soy products (tofu, soymilk, fake meats and fake cheeses). To improve digestibility soak beans overnight in water, rinse well, cook slowly (a crock pot is ideal) and rinse again well after cooking, then add to recipe. 

Cold-pressed vegetable oils especially olive, sesame and the balanced blends of omega 3 and 6. The best oil for cooking is olive oil as it oxidizes the least when heated. Some butter is OK so long as it is organic and from grass fed cows. 2 Tbsp flaxseeds either freshly ground daily or soaked overnight in water. Add to cereals or smoothies or use in baking. Do not buy pre-ground flax meal, as it will be rancid. 

7 – 10 servings daily of organically grown fruit and vegetables. Emphasize orange, red and purple fruits, citrus fruits, berries, garlic leeks and onions, broccoli, cauliflower, brussel sprouts, cabbage, kale and other members of the Cruciferae family. Shiitake, Oyster, Crimini and Portobello mushrooms. These are best lightly cooked. Avocado and cilantro increase glutathione, the major liver anti-oxidant. Figs and almonds contain benzaldehydes that convert to cyanide. Cancer cells cannot excrete this and it acts as a natural chemotherapy agent. Globe artichokes and sunchokes (Jeruselum artichokes) are particularly helpful as is Burdock root and Daikon.

Seaweeds and Miso (fermented soy bean paste). Avoid the Japanese seaweeds as they may be contaminated with mercury. Choose Maine coast or Pacific Northwest sources. 

Green tea, herbal teas, pure water and fresh squeezed juices are the best things to drink. Save the washed rind of organic citrus, chop it up into small pieces and dry it. Add to teas for extra anti-oxidant effect. Carrot/beet/kale/apple juice 1-3  glasses per day

Wheat grass, Chlorella, Barley grass or Blue Green algae. These provide amino acids, vitamins and minerals as well being very high in chlorophyll, which is a natural cleanser, anti-oxidant and blood builder. 

Be sure to drink plenty of filtered or bottled water each day (one 8 oz glasses for every 20 lbs of body weight) and avoid all stimulating drinks such as coffee, tea and cola. 

FOODS TO AVOID

All meats and fish not named above. 

Commercial white button mushrooms. 

Smoked or preserved meats – sausages, salamis, cold cuts, canned meats

All commercial cows milk products (milk, butter, hard and soft cheese, cream, etc.). A little organic yoghurt, cultured cheeses and butter is acceptable. 

Sugar in all forms, especially all refined and processed sugars. 

Peanuts and peanut butter because they contain lectins that cause blood clotting. 

MALNUTRITION
20% of cancer patients die of nutrition-related causes not the cancer itself. Malnutrition is defined as weight loss of > 1 – 2% per week or 5% per month, body mass index < 19, low serum protein, subcutaneous tissue loss and inability to meet more than 50% of nutritional needs by mouth. It is important to eat calorically dense foods and to fortify foods with protein and vitamin / mineral supplements. Eating little and often may help as may taking smoothies, juices, soups and other easy to manage foods. 

Calorie intake should be 20 kcals / kg of body weight for obese patients, 25 – 30 kcals / kg for sedentary patients and 30 – 35 kcals / kg for active patients or those with marked vomiting or malabsorption. 

Nourishing Smoothie for weight loss and wasting

FOODS FOR CANCER PREVENTION

Allicin - garlic

Beta glucan – mushrooms, oats, onions, yeast

Calcium D glucarate – apples, grapefruit, grapes, bean sprouts, cauliflower, cabbage

Carotenoids – carrots, beets, kale, yams, sweet potatoes, red peppers

Curcuminoids – Curcuma , ginger, galangal

Fiber – all fruits and vegetables, psyllium, slippery elm, 

Ellagic acid – strawberries, cranberries, loganberries, Marion berries

Epigallocatechin gallate (EGCG) – black and Green tea

Geraniol – from the volatile oil of rose geranium and lemon grass

Indoles and thiols – cabbage, broccoli, kale, beet tops, turnip, brussel sprouts, collards

Isoflavones – fermented soy, clover and alfalfa sprouts, 

Limonene – citrus juice and peel

Lycopene – tomatoes and other red fruits and vegetables

Omega 3 fatty acids – fish, flax oil, walnuts

Polyphenols – black and Green tea, Rooibosch tea

Selenium – shiitake, maitake mushrooms

Sulphur – garlic, onions, leeks, shallots, chives

CORE DAILY SUPPLEMENTS 

B12 



400 mcg

B-6



100 mg

Bromelain 


2400 GDU

Carotene Complex 

50,000 IU  

CO Q 10 


100 mg 

EPA/DHA n-3 from fish  
400 mg

Folic acid 


400 mcg

Fresh ground / soaked flax seeds 2 Tbsp. 

GLA 



800 mg

Glutamine 


1 g

Limonene 


300 mg

Lipoic acid 


600 mg 

Medium Chain Triglyerides
1 Tbsp

MSM



2 g

Phosphatidyl choline

1 – 2  g

Quercitin 


2 g

Selenium 


300 mcg 

Squalene 


600 mg

Vitamin C 


1 g

Vitamin D 


800 IU

Vitamin E succinate

400 IU

Zinc 



20 mg

Additional items for maximum coverage
Active Hexose Correlated Complex (AHCC) from medicinal mushrooms

Maitake D fraction and 1, 3- beta glucans

Modified citrus pectin  
1 Tbsp

Molybdenum


4 caps



Liver detox supplements to take before bed 

Calcium D Glucarate 
500 mg.

Chrysin 


50 mg.

Di-indolylmethane 

750 mg.

Folic acid 


400 IU 

Glycine 


200 mg. 

Magnesium 


500 mg

Melatonin  


0.5 mg.

NAC 



600 mg 

Resveratrol 


200 mg.

Selenium 


300 mcg. 

Taurine 


500 mg

HERBS THAT CAN BE HELPFUL IN TREATING CANCER

Adaptogen or anti-oxidant, tonic herbs

Borago off.

Bupleurum chinensis 

Camellia sinensis 

Cordyceps sinensis

Curcuma longo 

Eleutherococcus senticosis

Ganoderma lucidum

Glycyrrhiza glabra 

Hydrocotyl asiatica 

Nigella sativa 

Panax ginseng

Panax quinequefolium

Poria cocos 

Rehmannia glutinosa

Rhodiola rosea 

Rosmarinus officinalis

Schizandra chinensis (seed)

Scutalleria baicalensis

Uncaria tomentosa 

Verbena officinalis

Vitis vinifera

Withania somnifera 

Immune tonics 

Ceonothus americanum

Cordyceps sinensis 

Coriolus versicolor 

Eleutherococcus senticosis

Galium aparine

Ganoderma lucidum

Glycyrrhiza glabra

Griffolia fronderosa

Lentinus edodes

Phytolacca spp.
Anti-tumorigenic herbs

Calendula off.

Camellia sinensis 

Chelidonium majalis

Cordyceps sinensis

Corydalis ambigua

Curcuma longo 

Eleutherococcus senticosis

Ganoderma lucidum

Glycyrrhiza glabra 

Juglans nigra

Phytolacca spp.

Podophylum peltatum 

Rosmarinus officinalis

Schizandra chinensis (seed)

Thuja occidentalis

Viola odorata

Vitis vinifera

Alteratives

Arctium lappa  

Baptisia tinctoria

Crocus sativa

Iris versicolor

Phytolacca spp.

Podophylum peltatum 

Rumex crispus 

Scrophularia nodosa

Tabebuia avellanedae    

Thuja occidentalis 

Trifolium pratense

Uncaria tomentosa 

Urtica dioica root & seed 

Zanthoxylum americanum

Connective tissue astringents
Hydrocotyl asiatica

Aesculus hippocastanum

Ruscus aculeatus 

Vaccinium spp.

Rhodiola rosea

COMMONLY USED DRUGS
The mitotic cell cycle comprises a G1 phase prior to DNA synthesis, an S phase during which DNA synthesis occurs, a G2 phase of inactivity after DNA synthesis and an M phase during which actual cell division occurs. Cells that are not replicating are said to be in the G0 phase. Most healthy normal cells are in G0 most of the time. The G1 phase can be lengthened to delay replication but the S, G2 and M phases are relatively constant in duration. Thus a cell may be non-replicating for weeks or months but once it commences replication the process is very predictable. 

Most chemotherapy agents can only function in the S phase where they disrupt DNA synthesis. Tumor cell studies can determine the percent of cells in S phase and thus the likelihood of benefit from chemotherapy. If many tumor cells are in the G0 phase they will be little affected by drugs and can enter G1 after cessation of the treatment. The alkylating agents and platinum drugs work on different mechanisms and do not require the cell to be in the S phase for the drug to be effective.

The rate of DNA synthesis and of cell replication is inversely proportional to the degree of lipid peroxidation in the tissue. Thus oxidative stress may prolong G0 or G1 phases and inhibit cell replication which interferes with the efficacy of most chemotherapy drugs. Cancer cells tend to have higher than normal levels of vitamin E in their cell membranes which acts as an anti-oxidant. Cancer cells also have relatively low levels of various components of the NADPH cytochrome P450 electron transport chain which results in less favorable conditions for the initiation and propagation of lipid peroxidation. However, massive oxidative stress induced by chemotherapy drugs may overwhelm these mechanisms. In this way, anti-oxidant supplements may potentiate many chemotherapy agents. 

In addition to inhibiting the efficacy of the drugs, oxidative stress induced by chemotherapy is responsible for many of the side effects of the drugs. These may be mitigated or reduced by the concurrent use of anti-oxidants. In particular, anti-oxidants may reduce the level of secondary, drug-induced cancers. 5 – 10% of people that receive chemotherapy develop secondary cancers 4 – 8 years after treatment, most notably leukemias, and these secondary cancers are often very refractory. 

The pharmacology of chemotherapy drugs
Drugs that inhibit nucleotide production are called anti-metabolites eg. methotrexate that inhibits folate activity, necessary to proper production of bases. Other drugs damage the DNA structure in various ways eg. cytarabine that inhibits DNA polymerase, the enzyme that makes new strands of DNA. It also substitutes ribose for arabinose and thus render DNA dysfunctional. Some drugs damage the DNA once it has formed. Alkylating agents including cyclophosphamide, carmustine, cisplatin, Mitomycin and bisulfan, add hydrocarbons molecules to the bases and thus render them dysfunctional. Intercalating drugs such as doxorubicin and bleomycin insert themselves between DNA bases and disrupt the codons or functional units of the genes. They interfere with DNA and RNA synthesis. Some drugs inhibit the topoisomerase enzymes that unwind DNA prior to replication, eg. etoposide and camptothecin. Natural inhibitors of topoisomerase enzymes include apigenein, vitamin A, boswellic acid, genistein, luteolin and quercitin, but achieving a therapeutic dose is challenging a they are dilute compounds. Drugs that are anti-mitotic include Vincristine, vinblastine and colchicine. 

Adriamycin (doxorubicin)
The commonest drug in breast cancer. Immediate side effects include mouth sores, myelosuppression and leukopenia, alopecia, nail changes, nausea and vomiting. Long-term complication of severe cardiac damage and oxidative stress. Potentiated by genistein, quercitin, vitamin C and by vitamin E that also protects the heart. Selenium also protects the heart. 

( digitalis, hawthorn, rhodiola, convalleria, red root, Curcuma , milletia, deer antler & velvet,  Green tea, CoQ10, carnitine, selenium, taurine, squalene, theanine, NAC
Adrucil, 5-FU (fluorouracil) 
Anti-metabolite used for palliative care of colon, rectal, breast, stomach and pancreatic cancer. Side effects include nystagmus, headache, visual disturbances, photophobia, angina, dry skin, photosensitivity, plantar and palmar erythrodysesthesia, alopecia, nausea, vomiting, stomatitis, myelosuppression, thrombophlebitis. Potentiated by vitamins A, C and E, and by folic acid.
( B complex, B6, B12, shark oil, whey protein, melatonin, Squalene, milletia, deer antler & velvet, gingko, gotu kola, vinca, mistletoe, astragalus, red root, Curcuma , Green tea, alteratives and hepatics

Aridia

A bisphosphonate that reduces bone metastases. Only approved for breast cancer and multiple myeloma but widely used off -label for other cancers. Better tolerated than Zometa.

(  vitamins D and K, ipriflavone, boron, calcium, phosphate, silica, horsetail and comfrey.

Arimidex  (anastrazole), Femara  (letrozole) & Aromisan (exemestane)
Aromatase inhibitors for estrogen positive breast cancers in post-menopausal women. Side effects include headache, lassitude, non-specific pains, flushing, nausea, vomiting, dyspnea, vaginal bleeding, diarrhea, and liver enzyme elevations. 

(  chrysin, passionflower, passion fruit, chrysanthemum, nettle root, DIM, shiitake, maitake, Reishi, Curcuma , milk thistle. 

BiCNU (carmustine)
Alkylating agent used in brain tumors, multiple myeloma, Hodgkin’s and non-Hodgkin’s lymphoma. Side effects include myelosuppression (may be delayed), nausea, vomiting, retinal hemorrhages, pulmonary fibrosis. 

(  red root, horsetail, plantain, shiitake, maitake, reishi, red root, Curcuma , polygonum multiflorum, rhabdosia, milletia, deer antler & velvet,  Green tea, NAC, NAG, CoQ10, selenium, B vitamins, magnesium.

Blenoxane (belomycin)

Inhibits RNA and DNA synthesis. Used for squamous cell cancers, Hodgkin’s and non-Hodgkin’s lymphoma, testicular cancer and malignant pleural effusions. Side effects include rashes, skin itching, skin pigment changes, nail damage, alopecia, pneumonitis and pulmonary fibrosis. Vitamin E may reduce secondary drug-induced tumors. Potentiated by vitamin C.

(  digitalis, hawthorn, rhodiola, convalleria, red root, Curcuma , milletia, deer antler & velvet, Green tea, horsetail, plantain, CoQ10, carnitine, selenium, taurine, squalene, theanine, NAC

Casodex (bicalutamide)
An anti-androgenic used in the palliation of advanced prostate cancer in conjunction with an LHRH agonist. Side effects include loss of libido, hot flashes, gynaecomastia, diarrhea, constipation and impotence. 

( sage, motherwort, ginseng, gamma oryzanol

Cytoxan (cyclophosphamide)

Activated in the liver to an alkylating agent. Used for lymphomas, leukemias, multiple myeloma, neuroblastoma, retinoblastoma, ovarian adenocarcinoma and breast cancer.  Side effects include alopecia, rashes, skin and nail changes (hyperpigmentation), nausea, vomiting, weight loss, diarrhea, myelosuppression, anemia, renal tubular necrosis, hemorrhagic cystitis, excessive urination and dehydration, pulmonary fibrosis. Potentiated by vitamin C and by ( carotene. NAC may protect against renal damage. 

(  red root, horsetail, plantain, shiitake, maitake, reishi, red root, Curcuma , polygonum multiflorum, rhabdosia, milletia, deer antler & velvet,  Green tea, NAC, NAG, CoQ10, selenium, B vitamins, magnesium

Ellence (epirubicin)
Inhibits topoisomerase II. Used in node positive breast cancer. Side effects include alopecia, nausea, vomiting, myelosuppression, cardio toxicity. 

( digitalis, hawthorn, rhodiola, convalleria, red root, Curcuma , milletia, deer antler & velvet,  Green tea, CoQ10, carnitine, selenium, taurine, squalene, theanine, 
Eulexin (flutamide)
Anti-androgenic agent used in refractory prostate cancer along with LHRH agonists. Side effects include rashes, nausea, vomiting constipation, diarrhea, liver enzyme elevation, cholestatic jaundice, hepatic necrosis, impotence, loss of libido, hot flashes, gynaecomastia, encephalopathy. Interacts with warfarin – avoid all anti-coagulant herbs

( sage, motherwort, ginseng, milk thistle, Curcuma , licorice, chelidonium, gamma oryzanol, NAC, reduced glutathione, SAMe, B vitamins.
Gemzar (gemcitabine)
Anti-metabolite used with cisplatin for pancreatic cancer after fluorouracil and for inoperable, advanced non-small cell lung cancer. Side effects include rashes, alopecia, nausea, vomiting, constipation, diarrhea, stomatitis, fevers, proteinuria, hematuria, low platelets, general pains, dyspnea, elevated liver enzymes and bilirubin.

( B complex, B6, B12, shark oil, whey protein, melatonin, Squalene, milletia, deer antler & velvet, gingko, gotu kola, vinca, mistletoe, astragalus, red root, Curcuma , Green tea, alteratives and hepatics

Herceptin (trastuzumab)
Monoclonal antibody active against HER2/neu receptors. Used for HER2/neu positive breast cancer. If  IGF 1 is elevated then Herceptin is less effective, Additionally if the drug ceases to work after an initial response then the IGF 1 receptors are becoming over-expressed and are feeding tumor growth. 

(  lipoic acid, CLA, vitamin D, vanadium, limonene, lycopene, sunchokes, burdock, flax seeds. 

Side effects include headache, dizziness, convulsions, ataxia, confusion, mania, insomnia, lassitude, tachycardia, cardiomyopathy, congestive heart failure, ventricular dysfunction, hypotension, rashes, 

urticaria, skin ulcers, anemia, leukopenia, nausea, vomiting, diarrhea, chills, fever, pain at tumor sites, cough, dyspnea, rhinitis, respiratory distress syndrome, bronchospasm, wheezing, pleural effusion, pulmonary edema, upper respiratory and urinary tract infections. Acute allergic reactions have caused death. Crosses the blood brain barrier but inactive in brian tissue. Metastases can lurk in the brian and escape the drug. 

( boneset, bryonia, catnip and peppermint for bone aching along with saunas and Epsom salt baths. 
Hydrea (hydroxyurea)
Inhibits DNA synthesis and sensitizes tumor to radiation. Used for melanoma, ovarian cancer, head and neck tumors, chronic myelocytic leukemia. Side effects include drowsiness, rashes, facial redness, alopecia, nausea, vomiting, diarrhea, constipation, weight loss, anemia, leukopenia. 

( B complex, B6, B12, Squalene, milletia, deer antler & velvet, gingko, gotu kola, vinca, red root, astragalus.

Megace (megestrol)
Progestin agent for palliation of breast or endometrial cancer. Side effects include depression, deep vein thrombosis, alopecia, hyperglycemia, glucose intolerance, weight gain, hot flashes, vaginal bleeding, and carpal tunnel syndrome. May cause tumor flare. 

(  licorice, sage, red clover, B6, B12, gamma oryzanol, 

Methotrexate (amethopterin)

Anti-metabolite and methylation disruptor used for gestational tumors such as choriosarcomas and hydatidiform moles, acute leukemias, breast, head, neck and lung cancers, non-Hodgkin’s lymphoma and lymphosarcoma. Stresses the kidneys and may accumulate in fluid pools (ascites, pleural effusion). 

Proper hydration and an alkaline diet are essential. Do not combine with NSAIDs or acidifying agents which will impair renal clearance. Very hard on the liver. Side effects include elevation of liver enzymes, impaired renal clearance, alopecia, urticaria, telangiectasia, acne, photosensitivity of skin, nausea, vomiting, stomatitis, gastric ulceration, cystitis, myelosuppression, fever, malaise, chills, interstitial pneumonitis. Antagonizes folic acid. Potentiated by glutamine and vitamin A. Genistein protects against gastro-intestinal mucosal damage. 

( Curcuma , milk thistle, licorice, folic acid (1 mg), NAC, reduced glutathione, glutamine (20 – 30 g), pellitory of the wall, parsley piert, polygonum multiflorum. 

Mitomycin (Mitomycin C)
Inhibits DNA synthesis and acts as an anti-neoplastic and a anti-infective agent. Used in cancer of the pancreas, stomach, head, neck and breast. May also be used by infusion into bladder for bladder cancer. Known to be hard on the liver and kidneys and to cause fibrosis and pulmonary infiltration after use. Full lung, liver and kidney functional work ups should be done prior to use to establish a base line, and again at intervals for on-going monitoring. Mitomycin is a vesicant (blistering agent) so mucus membrane side effects can be pronounced. 

( Curcuma , milk thistle, licorice, folic acid (1 mg), NAC, reduced glutathione, glutamine (20 – 30 g), pellitory of the wall, parsley piert, polygonum multiflorum. 

Paraplatin  /  Platinol (carboplatin & cisplatin)
Alkylating agents that interfere with DNA cross linkage. Approved for ovarian and testicular cancers as well as transitional cell bladder cancer, but widely used off-label for other cancers. Side effects include neuropathy & parasthesia, ear damage, kidney damage, nausea, vomiting, anemia, Mg, Na, K and Ca imbalances, liver enzyme elevation, BUN & creatinine disturbance.  Increases urinary 

excretion of potassium and magnesium. Hypo-magnesia contributes to neuromuscular irritability, weakness, confusion, seizures and ventricular arrhythmias. The drugs are potentiated by ( carotene, genistein, and by vitamin E that also protects the kidneys. Selenium also protects kidneys and reduces myelosuppression.  Do not use glutathione-enhancing agents which can neutralize the drug. 
( red root, horsetail, plantain, shiitake, maitake, reishi, red root, Curcuma , polygonum multiflorum, rhabdosia, milletia, deer antler & velvet,  Green tea, NAC, NAG, CoQ10, selenium, B vitamins, magnesium.

Rituxan (rituximab)
Monoclonal antibody directed at CD20. Used in relapsed or refractory, low grade, CD20 positive, B cell non-Hodgkin’s lymphoma. Side effects include headache, dizziness, hypotension, arrhythmias, ventricular fibrillation, peripheral edema, rashes, itching, urticaria, nausea, vomiting, abdominal pain, back pain, myalgia, leukopenia, thrombocytopenia, fevers, chills, rigors, throat irritation, rhinitis, bronchospasm. Acute reactions to the first treatment as a result of tumor lysis and high levels of circulating malignant cells may include myocardial infarction, hypoxia, respiratory distress syndrome and death.  

( digitalis, hawthorn, rhodiola, convalleria, red root, boneset, catnip, elderflower, Curcuma , milletia, deer antler & velvet,  Green tea, CoQ10, carnitine, selenium, taurine, squalene, theanine, NAC
Tamoxifen
Anti-estrogenic that acts to block receptors. Used in estrogen dependent breast cancer and occasionally in prostate cancer. Almost 50% of estrogen positive breast cancers do not respond. Acts only on the ( receptors in breast tissue but does not affect the ( receptors in bone and brain. If Tamoxifen is displacing estrogen in the breast then there may be increased stimulatory activity in bone and brain and these are common sites for metastases to occur. Induces insulin resistance. 

(  Tocotrienols, selenium, NAC. 

Taxotere / Taxol (docetaxol / paclitaxel)
Stabilize microtubule assembly in replicating cell. Used for ovarian cancer (with cisplatin), breast cancer (with Adriamycin and Cytoxan), non-small cell lung cancer (with cisplatin) and for AIDs –

related Kaposi’s sarcoma. Side effects include hypotension, bradycardia, alopecia, nausea, vomiting, diarrhea, peripheral neuropathies, myelosuppression, arthralgia, myalgia, and allergic reactions. Potentiated by Rosemary, Resveratrol, gamma linoleic acid, Taxus spp. and vitamin C.
( allithiamine, B vitamins, lipoic acid, GLA, EPA, DHA, glutamine (20 – 30 g), Ipriflavone Calcium and Magnesium for muscle aching. 

Vincristine and vinblastine

Extracted from Madagascar periwinkle and acts to inhibit microtubule formation. Used for Hodgkin’s and non-Hodgkin’s lymphomas, Kaposi’s sarcoma, rhabdomyosarcoma, neuroblastoma, Wilm’s tumor and occasionally for testicular or breast cancer. Side effects include peripheral neuropathy and parasthesia, loss of deep tendon reflexes, hypertension, alopecia, nausea, vomiting, constipation, urinary retention, polyuria, bone pain, tumor pain, weakness, malaise, jaw pain.   Potentiated by vitamin C and vitamin E.
Xeloda (capecitabine)
Anti-metabolite that is anabolized to florouracil in tumor cells. Approved for metastatic breast cancer after taxols. Side effects include fatigue, parasthesia, nausea, vomiting, diarrhea, mouth sores, abdominal pain, weight loss, hyperbilirubinemia, and myelosuppression. 

( B complex, B6, B12, Squalene, milletia, deer antler & velvet, alteratives and hepatics.

Zoladex (goserelin acetate)
LHRH agonist used in prostate and breast cancer. Tumor usually grows rapidly in the first few weeks of therapy then is reduced. Side effects include gynaecomastia, erectile dysfunction, general pains, dysuria and urinary obstruction. 

( sage, motherwort, ginseng, cleavers, corn silk, marshmallow, gamma oryzanol
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