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Abbreviations 
APC: Adenomatous polyposis coli gene 

BCL2: B-cell lymphoma 2  

BHD: Birt- Hogg-Dube syndrome 

BMP: Bone Matrix Proteins  
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CD: Cluster Determining 
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c-myc: oncogene 

DAPK: Death associated protein kinase 
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1 Introduction 
1.1. Bone  

Bone is specialized form of supporting tissue in which the extracellular components  

are mineralized, thus conferring the property of marked rigidity and strength whilst 

retaining some degree of elasticity. Bone also constitutes a store of calcium and 

other inorganic ions, and actively participates in the maintenance of calcium 

homeostasis in the body as a whole. The structure of individual bones provides for 

the maximum resistance to mechanical stresses whilst maintaining the least bony 

mass. To accommodate changing mechanical stresses and the demands of calcium 

homeostasis, all bones in the body are in a dynamic state of growth and resorption 

throughout life.  

Like other supportive connective tissues, bone is composed of cells and organic 

extracellular matrix containing proteoglycan ground substance and collagen fibers. 

Inorganic salts, predominantly calcium hydroxyapatite crystals, form the mineral 

components of the bone. Ground substance constitutes only a small proportion of the 

organic extracellular matrix of bone and contains proteoglycans similar to those 

found in cartilage except that the proportion of sulphated glycoprotein is much less 

than in cartilage. The fibrous component of extracellular material is mainly type 1 

collagen which exhibits a similar banding pattern to that of common collagenous 

supporting tissue. 

The cells found in bone are of three types: osteoblasts, osteocytes and osteoclasts, in 

a short summery we describe the characteristics of these cells. 

 

 

1.2. Osteoblasts  

Osteoblasts are the bone forming cells. They arise from mesenchymal stem cells, 

which form osteoblasts, adipocytes and muscle cells. (1) A transcription factor that 

is critical for the differentiation of osteoblasts is Runx-2, and core binding factor α1  

(CBFA1). CBFA1 drives the expression of most genes associated with osteoblast 
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differentiation (2). Bone does not develop in animals lacking CBFA1 gene. The 

differentiation of osteoblast is less well understood than the differentiation of 

osteoclast (3). It is clear that there is an early osteoblast precursor that produces 

alkaline phosphatase and a more differentiated precursor that produces increasing 

amounts of osteocalcin and classified matrix (4). Osteoblasts eventually become 

osteocytes. Bone morphometric proteins are critical factors that stimulate the growth 

and differentiation of osteoblasts. (5) 

 

 

1.3. Osteoclasts  

Osteoclast arise form the precursor cell in the monocyte-macrophage linage that 

differentiates into inactive osteoclasts (6). Activated osteoclasts resorb bone and 

eventually undergo apoptosis. Both locally produced cytokines and systemic 

hormones regulate the formation and activity of osteoclasts. The bone micro-

environment plays a critical role in the formation of osteoclast through the 

production of macrophage colony stimulation factor and receptor activator of 

nuclear factor-kB (RANK) ligand (RANKL) by stromal cells and osteoblasts (7, 8).  

RANKL a member of the family of tumor necrosis factors is expressed on the 

surface of osteoblasts and the stromal cells and is released by activated T cells (7). 

Most osteotropic factors, such as parathyroid hormone, 1, 25-dihydroxyvitamin D3, 

and prostaglandins induce the formation of osteoclasts by increasing the expression 

of RANKL on the marrow stromal cells and osteoblasts rather than by acting 

directly on osteoclast precursors (9, 10). RANKL binds to RANK receptors on 

osteoclasts precursor and induces the formation of osteoclast by signaling through 

the nuclear factor-k B and Jun N-terminal kinase pathway. A soluble form of 

RANKL produced by activated T cells has been detected in the joint fluids of 

animals with adjuvant arthritis (11). The ratio of RANKL to osteoprotegerin 

regulates the formation and activity of osteoclasts. Overproduction of 

osteoprotegerin causes severe osteopetrosis, whereas the absence of osteoprotegerin 

results in marked osteopenia (12).  
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Osteoclast resorbs bone by secreting proteases that dissolve the matrix and 

producing acid that releases bone mineral into the extracellular space. The adherence 

of osteoclasts to the bone surface is critical for bone resorptive process, since agents 

that interfere with osteoclast attachment block bone resorption. Agents that affect 

the adherence of osteoclast to bone or inhibit protease production might be useful 

for treatment of bone metastasis (13). The importance of RANKL in bone 

destruction has led to development of recombinant osteoprotegerin and antibodies 

against RANKL as potential treatment for bone metastasis (12).  

 

 

1.4. Control of normal bone remodeling 

The adult skeleton continually turns over and remodels itself through the 

coordinated activity of the osteoclasts and osteoblasts on the trabecular surfaces and 

haversian system. In normal bone, there is a balanced remodeling sequence: first 

osteoclasts reabsorb bone, and then osteoblasts form bone at the same site.  

Both systemic factors and locally acting factors induce the formation and activity of 

osteoclasts. Systemic hormones such as parathyroid hormone, 1, 25 Dihydroxy 

vitamin D3, and thyroxin (T4), stimulate the formation of osteoclasts by inducing the 

expression of receptor activator of the nuclear factor-kB (RANKL) on marrow 

Stromal cells and osteoblasts.(12) In addition, osteoclasts produce interleukin-6, 

interleukin-1, prostaglandins, and colony stimulating Factors (CSF), which induces 

the formation of osteoclasts. Accessory cells such as T cells can produce cytokines 

that can inhibit the formation of osteoclasts such as interleukin-4, interleukin-18 and 

interferonγ (10, 12).  
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Figure 1: Regulation of bone resorption: both systemic factors and locally acting factors 

induce the formation and activity of Osteoclasts. Systemic hormones such as parathyroid 

hormone, 1, 25 Dihydroxy vitamin D3, and thyroxin (T4), stimulate the 

formation of osteoclasts by inducing the expression of receptor activator of the nuclear 

factor-kB (RANKL) on marrow Stromal cells and osteoblasts. In addition, osteoclasts 

produce interleukin-6, interleukin-1, prostaglandins, and colony stimulating Factors (CSF), 

which induces the formation of osteoclasts. Accessory cells such as T cells can produce 

cytokines that can inhibit the formation of osteoclasts such as interleukin-4, interleukin-18 

and interferonγ.  
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Figure 2: Both systemic factors and locally acting 

factors can enhance the proliferation and differentiation of 

osteoblasts. These include Parathyroid hormone, 

prostaglandins, cytokines as well as growth factors, such as 

platelet derived growth factor (PDGF) derived   from 

lymphocytes. In addition bone matrix is a major source of 

growth factors, which can enhance the proliferation and 

differentiation of osteoblasts. These include the bone 

morphogenic protein (BMP), TGF-β, insulin like growth 

factors, and fibroblast growth factors. Corticosteroids can 

induce apoptosis of osteoblasts and block bone formation. 
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1.5. Bone metastasis 

Although the genetic basis of tumor genesis may vary greatly between different 

cancer types, the cellular and molecular steps required for metastasis are similar for 

all cancer cells. In carcinomas the influence of microenvironment are mediated in 

large part, by bidirectional interactions (adhesion, survival, proteolysis, migration, 

immune escape mechanisms, angiogenesis and homing in target organs) between 

epithelial tumor cells and neighboring stromal cells, such as fibroblast as well as 

endothelial and immune cells. In this work I summarize recent advances in 

understanding the molecular mechanisms that govern this frequently lethal 

metastatic progression along and axis from primary tumor to distant organ sites, 

namely bones. Eventually, we discuss new therapeutic approaches targeting the 

microenvironment 

Majority of the bone tumors have metastatic origin. Bone is the most frequently 

affected site in human malignancies. In case of certain tumors such as breast and 

prostate, in advanced stages of the disease approximately 70% of patients develop 

bone metastasis (14). The prevalence of metastasis declines to approximately 30% in 

other tumors originating from lungs, thyroid or kidneys (12). Among tumors with 

the least metastatic potential such as colon and bladder carcinoma up to 20% of 

advanced disease spread into bones. Detection of bone metastasis in the majority of 

malignancies is equivalent to incurable stage of the disease. Small group of patients 

may show long term survival even in the presence of bone spreading. Survival of 

patients with bone metastasis still may vary from one or two months to several 

years, the longest survival is seen in 20% of the tumors originating from breast (15).   

 

1.5. Types of bone metastasis 

Metastases have been characterized as osteolytic and osteoblastic. This classification 

also represents the two extremes of a continuum in which deregulation of normal 

bone remodeling occurs (12). Patients can have both osteolytic and osteoblastic 

metastasis or mixed lesions containing both elements. Most patients with breast 

cancer have predominantly osteolytic lesions, although at least 15 to 20 percent of 
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them have predominantly osteoblastic lesion (10). In addition secondary formation 

of bone occurs in response to bone destruction (16). The reactive process enables us 

to detect osteolytic lesions by means of bone scanning, which identifies site of active 

bone formation. Only in multiple myeloma do purely lytic bone lesions develop. In 

contrast the lesions in prostate are predominantly osteoblastic (12). 

 

1.6. Pathomechanism of bone metastasis 

 
The basis of bone metastasis is hematogenous spreading. Dissemination of solid 

tumors occurs through the lymphatic and blood vessels leading to regional lymph 

nodes and organ metastasis respectively. Hematogenous spreading of solid cancers 

represents the biggest clinical challenge in oncology and has a fundamental 

influence in outcome of the disease. 

 The vascular structure of primary tumor has a significant importance in initiation of 

spreading. Density of vasculature in tumor tissue is important determining factor for 

the chances (presence) of metastasis. Tumor cell in primary tumor enter circulation 

via the walls of the vessels in the tumor mass. These cells (1) adhere to the 

endothelium of post capillary venulles, (2) lysing the connective tissue underlying 

the endothelial cells and getting into the circulation (16). 

 

Lung cancer is one of the most frequent human malignancies categorized as highly 

aggressive malignancy, showing relatively high metastatic potential. Tumors 

originating from lungs enter pulmonary vein and get directly into the circulatory 

system, in and other word their dissemination is strictly hematogenous. 

Prostate cancers belong to the groups of tumors in which prognosis and 

consequently progression is associated to the extent of vascularization.  Prostate 

cancers are the most frequent source of bone metastasis, these cells penetrate the 

pre-capillary venous plexus and via the circulation they find their way to lumbar and 

lumbo-sacral vertebrae, where they eventually penetrate the bone matrix (12, 17). 
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The majority of tumor cells entering the circulation get destroyed due to mechanical 

damages which are resulted from the turbulence of blood flow in large arteries. This 

so called natural defense is less effective on the tumor cells entering the venous 

system (17). Another effective defense mechanism in circulation is the presence of 

white blood cells, monocytes and natural killer cells express direct killing effect on 

tumor cells either by lyses of the cytoplasmic membrane or phagocytosis of detected 

cells. The majority of tumor cells die due to this effect, leaving only 0.1% to 1% of 

the circulating tumor cells as the survivals (18). 

 

On the contrary to white blood cells platelets play a defending role, these cells 

aggregate around the tumor cells and practically build a barrier against the immune 

cells and mechanical damage. In another word interaction of tumor cells with 

platelets plays an important role in hematogenous spreading and perhaps bone 

metastasis (17). The prerequisite for this process is the ability of tumor cells to 

aggregate platelets and to initiate clotting. Adhesion molecules involved in both 

platelet aggregation as well as fibrinogen binding are those molecules whose 

expression is necessary for tumor cells to survive. These include β3 integrins, 

selectins, and CD44H (19) 

 

Extravasation of tumor cell occurs in capillary bed, as the aggregates of tumor mass 

and platelets get stacked in the capillaries the tumor cells adhere to the endothelial 

lining of these vessels destroying the basement membrane and eventually getting 

into the various tissues.  

 

There is organ selectivity in metastasis, supporting Seed and Soil theory which 

implicates that both the unique phenotype of tumor cells and the unique phenotype 

of the host organ together are responsible for organ selectivity (17). 

Bone specificity of the metastatic process may depend on the ectopic expression of 

Bone Matrix Proteins (BMP). Tumors which are characterized by osteopontins, 

osteocalcin and or bone sialoprotein expression are breast, prostate, and thyroid 

cancers, all of which are characterized by a strong metastatic preference for bone 
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(20, 21). Bone is an abundant source of inactive growth factors, which are activated 

during the bone resorption process, (26) which can then stimulate the growth of 

tumor cells. Parathyroid hormone related peptide is probably the factor produced by 

the cancer cells and most solid tumors that stimulate the formation of osteoclasts. 

Both parathyroid hormone related peptide and parathyroid hormone bind the same 

receptor (PTHR1) and induce the expression of RANKLE on marrow stromal cells. 

Parathyroid hormone in the main regulator of calcium homeostasis, at the same time 

parathyroid hormone related peptides hove similar biological effects on the bones. In 

the amino acid sequences of parathyroid hormone and parathyroid hormone related 

peptides, 8 out 13 amino acids are identical, and both peptides have similar three-

dimensional structure (42).  

 

Several factors account for the frequency of the bone metastasis. Blood flow is high 

in areas of red marrow, accounting for the predilection of metastasis for those sites 

(12). Production of adhesive molecules by the tumor cells enables them to attach to 

marrow Stromal cells and the bone matrix. These adhesive interactions induce the 

tumor cells to increase the production of angiogenesis factors and the bone-

resorbing factors that further enhances tumor growth in the bone. Bone is also a 

large repository of immobilized growth factors; these growth factors are released 

and activated during resorption providing fertile ground in which tumor cells can 

grow. 

 

Dissemination to the bones mainly happens through the arteries, cancers originating 

from the prostate are exceptions since they reach the bones through the venous 

system (22). Prostate cancer cells secrete endothelin-1, uPA, and PSA (prostate 

specific antigen), which in turn induce bone Stromal cells to produce bone 

morphogenic growth factors such as bFGF, TGFβ, HGF, IGF and BMPs, leading to 

the formation of new bone around the metastatic foci (17). 

 

From the arterial system tumor cells get to the sinusoid of the bones, these sinusoid 

systems are simple and quite similar to the hepatic and lymphatic sinusoids. All of 
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them present similar microscopic structure with a thin virtual basement membrane 

bordering non fenestrated endothelial cells. Basically all of the chemical factors of 

local organ get easily through these sinusoids, eventually all of the information’s of 

critical importance for the survival of the tumor cells reach them without requiring 

theses cells penetrating the vascular structures (19). 

 

Bone matrix is very unique tissue for tumor cells. Bone tissue is mineralized and 

therefore it makes a good mechanical defense for the tumor cells due to 

mineralization, the dynamic reconstruction and remodeling of the bone enables the 

tumor cells penetrating and surviving in bone matrix. Osteoclast and osteoblasts are 

the major cells involved in remodeling of the bone. The molecular mechanism of the 

dynamism is later in detailed (12). 

Bone metabolism is governed by a delicate, through highly regulated, balance 

between bone formation (by osteoblasts) and bone resorption (by osteoclasts). This 

results in an ongoing process of bone remodeling which confers strength and 

decreased fraction risk. Biphosphonates are the most efficacious anti-resoptive 

agents available in the management of metabolic bone disease and bone metastasis. 

These agents inhibit osteoclast function and interfere with recruitment and 

differentiation of osteoclast precursors (91) 

 

It is well known for a while that metastasis of malignant tumors to the bone is 

achieved in either of these ways, the disseminating cells solve the bone tissue and 

the surroundings by lytic enzymes and consequently destroying the arachnoids 

structure of the bone leading to pathologic fracture. These groups of patients are 

presented with severe pain succeeding pathological fracture as weigh bearing bones 

are unable to fulfill their function. Breast cancers usually demonstrate pathological 

fractures, it was taught previously that tumor cells are capable for production of lytic 

enzymes solving the bone tissue, but nowadays this theory is not accepted anymore. 

For the development of lytic metastasis tumor cells activate osteoclasts, so the 

spreading is called osteoclastic. Tumor cells stimulate physiological resorption of 

bone by production of certain chemical mediators (18).  
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The other form of dissemination is osteoblastic, this is characterized by continues 

bone formation; osteogenesis goes on around the tumor tissue by induction factors 

derived, either from tumor or bone tissue. The mediators secreted activate the 

osteoblasts to build the bone tissue around the tumor. These groups of the patients 

do not suffer form the pathological fracture of their weight bearing bone. It will be 

worth to talk about the molecular mechanism of the two subtypes of metastasis. 

Knowing the exact mechanism of metastasis will enable the physicians to target 

several components involved in metastasis and consequently interfere with 

dissemination process. 

As mentioned previously physiologically construction of the bones is mediated by 

osteoblasts. Activity of these cells is mediated by certain proteins generally called 

cytokines. Namely growth factors are involved in this process, transforming growth 

factor (TGF), insulin like growth factor (IGF) and fibroblast like growth factor 

(FGF) and BMP protein are the most important ones to be mentioned (!7). 

 

The hormonal status of the case may influence the osteoblastic activity, elevated 

PTH level (parathyroid hormone) has a positive effect whereas elevated 

corticosteroid levels demonstrates a negative effect on osteoblastic activity. 

 The interferon’s (IFN) are natural glycoproteins with antiviral, anti-proliferative, 

and immunomodulatory properties. The major classes are (1) IFN-α, derived from 

leukocytes, (2) IFN-β, derived from fibroblasts, (3) IFN-γ, derived from activated 

lymphocytes. Both, natural and recombinant interferons possess activity in renal cell 

carcinoma. Overall response rates are 12% to 14%. There are no apparent 

differences in response rates using different interferons. Likewise, there is no well-

established dose response relationship for IFNs, although the toxicity is dose related 

(23). 

In the case of the breast cancer causing osteolysis, the main mediator is parathyroid-

hormone-related-peptide (PTHrP), whereas in osteoblastic lesions, known mediators 

include endothelin-1 and platelet-derived growth factor (21). 
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In osteolytic metastasis, there is a vicious cycle in bone microenvironment, whereby 

bidirectional interactions between tumor cells and osteoclast leads to both osteolysis 

and tumor growth (74). 

Bisphosphonate interrupts the vicious cycle and causes not only a reduction in 

osteolytic bone lesion, but also decrease the tumor burden in bone. (74) 

 

Both systemic factors and locally acting factors induce the formation and activity of 

osteoclasts (12). Systemic hormones such as parathyroid hormone, 1, 25-

dihydroxyvitamin D3, and thyroxine (T4) stimulate the formation of osteoclasts by 

inducing the expression of receptor activator of nuclear factor-kB ligand (RANKEL) 

on marrow Stromal cells and osteoblasts. In addition osteoblasts produce 

interleukin-6, interleukin-1, prostaglandins and colony stimulating factor (CSF), 

which induces the formation of osteoclasts. Accessory cells such as T cells can 

produce cytokines that can inhibit the formation of osteoclasts, such as interleukin-4, 

interleukin-18 and interferon gamma. TGF-β denotes (transforming growth factor β) 

(9). 

Several factors accounts for frequency of bone metastasis. Blood flow is high in 

areas of red marrow (24), accounting for predilection of metastasis for those sites. 

Furthermore tumor cells produce adhesive molecules that bind them to the marrow 

stromal cells and bone matrix. These adhesive interactions cause the tumor cells to 

increase the production of angiogenetic factors and bone-resorbing factors that 

further enhances tumor growth in bone (25). 

1.8. Osteolytic metastasis 

In osteolytic metastasis, the destruction of the bone is mediated osteoclasts rather 

than the tumor cells. However the factors responsible for the activation of the 

osteoclasts vary depending on the tumor. In multiple myeloma, osteoclasts 

accumulate only at bone resorbing surfaces adjacent to myeloma cells; their levels 

are not increased in areas uninvolved with tumor. In addition to increase in bone 

resorption, bone formation is suppressed so that, bone lesion in patients with 

myeloma becomes purely lytic (27). 
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Several osteoclastogentic factors have been implicated in the increased activity of 

osteoclasts in myeloma (28). The leading candidates are interleukin-1, interleukin-6, 

macrophage inflammatory protein1α,and RANKL. Interleukin-1 is a potent 

stimulant of osteoclast formation, but levels of interleukin-1produced by myeloma 

cells are extremely low (29). They believe that interleukin-1 is not a major mediator 

of myeloma bone disease. 

 

Interleukin-6 is a growth factor or at least blocks apoptosis of myeloma cells (30). It 

is present in marrow plasma samples from patients with myeloma. Interleukin-6 is a 

potent stimulant of osteoclasts formation and can enhance the effects of the 

parathyroid hormone-related peptide on the formation of osteoclasts in vivo. 

Interleukin-6 levels have net consistently been correlated with the presence of bone 

lesions, however (31). When a myeloma cells adheres to marrow stromal cells, the 

production of interleukin-6 by marrow stromal cells increases. Thus interleukin-6 

appears to have an important role in enhancing the growth or prolonging the survival 

of myeloma cells, though its role in myeloma bone disease remains to be 

determined. 

RANKL is a major mediator of myeloma bone disease. It is suggested that myeloma 

cells produce RANKL, (32, 33) it is still unclear that the amount of RANKL 

produced by myeloma cells is sufficient to induce the formation of the osteoclasts. 

Instead it may simply prevent apoptosis of osteoclasts. RANKL is produced by 

marrow sromal cells in myeloma. In the microenvironment of bone of myeloma 

patients, RANKL production is increased and osteoprotegerin is markedly decreased 

(34). Blocking the binding of RANKL to RANK receptors or osteoprotegerin 

inhibits bone destruction (35). 

 

Macrophage inflammatory protein 1α also appears to be a key regulator of bone 

destruction in myeloma (36). Macrophage inflammatory protein 1α is a potent 

inducer of osteoclast formation in vivo, independently of RANKL, and enhances 

both RANKL stimulated and interleukin-6 stimulated osteoclast formation (37). 

Macrophage inflammatory protein 1α levels is correlated strongly with the presence 
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of osteolytic lesions, moreover, macrophage inflammatory protein 1α also enhances 

adhesive interactions between myeloma cells and stromal cells by up regulating the 

expression of β1 integrin on myeloma cells. Adhesive interactions between marrow 

stromal cells and myeloma cells increases the production of interleukin-6, RANKL, 

and macrophage inflammatory protein 1α further increasing bone destruction (38). 

Bone lesions in myeloma are purely lytic, that is there is no osteoblastic response. 

This phenomenon explains the clinical observation that in about half of the cases of 

myeloma, bone scans are normal in presence of severe osteolytic bone destruction.  

The basis of decreased osteoblastic response in myeloma is unknown. Myeloma 

cells can produce tumor necrosis factor α, which inhibits osteoblastic growth and 

differentiation (39). However, tumor necrosis factor α has not been implicated in the 

suppression of bone formation in myeloma. On the other hand myeloma cells 

express dick-kopf 1 (DKK1), a Wnt-signaling antagonist and the presence of high 

levels is correlated with focal bone lesions in patients with myeloma. A high level of 

DKK1 interferes with differentiation of osteoblasts in myeloma patients (40). 
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Figure 3: The vicious cycle of osteolytic metastasis 

Tumor cells, in particular breast-cancer cells, secrete parathyroid hormone related peptide as 

the primary stimulator of osteoclastogenesis. In addition tumor cells produce other factors 

that increase the formation of osteoclasts, including interleukin-6, prostaglandin-E2, tumor 

factor (PDGF), and bone morphogenetic protein (BMP), which increases the formation of 

parathyroid–hormone related peptide by tumor cells as well as growth factors that increase 

tumor necrosis factor, and macrophage colony stimulating factor (MCSF). These factors 

increase the expression of receptor activator of nuclear factor-kB ligand, and (RANKL), 

which directly acts on osteoclasts precursors to induce the formation of osteoclasts and bone 

resorption. The process of bone resorption releases factors such as transforming growth 

factor β (TGF-β), insulin-like growth factors (IGF), fibroblast growth factor (FGF), and 

platelet-derived growth factor. This symbolic relationship between bone destruction and 

tumor growth increases further bone resorption and proliferation of tumor cells. 

Osteoclast

Bon

Cancer 
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1.9. -  HER-2 and Breast cancer 
 

The Her2/neu oncoprotein is a transmembrane receptor, belonging to the epidermal 

growth factor receptor (EGFR) family, with tyrosine kinase activity. Her2/neu has been 

shown to be over-expressed, most commonly by gene amplification, in a number of 

human malignancies, including breast (BRC). (1) Overexpression of the Her2/neu 

oncoprotein in breast cancers is associated with shortened survival, enhanced 

aggressiveness, resistance to hormone- and chemotherapy (2-4)) and eventually 

decreased sensitivity of targeted cells to therapy (5). The extracellular domain of 

her2/neu is the target of trastuzumab (Herceptin®), the humanized anti-her2/neu 

monoclonal antibody. (6) It has also been proven that the anticancer efficacy of 

trastuzumab is highly dependent on the Her2/neu amplification of breast cancer. (7)  

A careful selection of patients is crucial for raising the clinical benefit of trastuzumab, 

and avoiding unnecessary exposure of patients who most likely will not benefit from it. 

(6) Immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH) are 

standard methods to determine her2/neu protein expression or gene amplification, 

respectively. Clinical data indicate that patients with IHC 3+ and/or FISH-positive BRC 

gain the greatest clinical benefit from Herceptin® treatment. (8) 

It is still a matter of debate whether Her2/neu status should be evaluated by early testing, 

i.e. systematically performed examinations on the primary tumor at the time of diagnosis 

of early breast cancer, or by pretreatment testing, i.e. performed on either the primary 

tumor or on a metastatic site at the time of tumor relapse. (9) To date, the Her2/neu status 

in the majority of the cases is evaluated in the primary tumor sample, since routine biopsy 

of metastatic sites is not a standard procedure (10) Never the less, the main targets of any 

systemic therapy in metastatic breast cancer are metastatic foci. (10) Primarily one 

expects to find great similarity between primary site and metastatic foci on protein 

expression. Whereas, experimental and some clinical data suggest that, 1. The primary 

tumor is genetically heterogeneous, 2. The clones responsible for organ dissemination 

may not be even present in the primary tumor but may develop through sequential genetic 

alterations, or 3. They compose very small percentage of the primary. (11) Earlier studies 

exclusively used Herceptest to assess the maintenance of Her2 genotype in metastatic 
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lesions and found it concordant in case of lymph node, liver and lung metastases (12-16). 

Recently some reports provided evidences that the Her2 genotype of BRC may change in 

metastasis: loss was reported in one case in liver metastases (17) and loss of Her2 

amplification was reported in 21 % but appearance of Her2 amplification was very 

frequent in visceral metastases (30%) (18). 

 

 

1.9.-a  Osteolytic metastasis from breast cancer 

 
Dissemination of BRC cells occurs through lymphatic and hematogenous channels. 

Nodal metastases are present in about two thirds of cases at the time of diagnosis, 

axillary’s nodes, lymph nodes along the internal mammary arteries, and the 

supraclavicular are usually the primary site of spread. More distant dissemination 

eventually ensues, with metastatic involvement of eventually any organ or tissue in 

the body. Favored locations are the lungs, skeleton (namely bones), liver and 

adrenals (14).  

Tumor cells in breast cancer produce factors that directly or indirectly induce the 

formation of osteoclasts. In turn, bone resorption by osteoclasts releases growth 

factors from the bone matrix that stimulate tumor growth and bone destruction (41). 

This reciprocal interaction between breast cancer cells and the bone 

microenvironment results in a vicious cycle that increases both bone destruction and 

the tumor burden. 

Bone is an abundant source of inactive growth factors, which are activated during 

the bone resorption process, (26) which can then stimulate the growth of breast 

cancer cells. Parathyroid hormone related peptide is probably the factor produced by 

breast cancer cells and most solid tumors that stimulate the formation of osteoclasts. 

Both parathyroid hormone related peptide and parathyroid hormone bind the same 

receptor (PTHR1) and induce the expression of rankle on marrow stromal cells. 

Parathyroid hormone in the main regulator of calcium homeostasis, at the same time 

parathyroid hormone related peptides hove similar biological effects on the bones. In 

the amino acid sequences of parathyroid hormone and parathyroid hormone related 
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peptides, 8 out 13 amino acids are identical, and both peptides have similar three-

dimensional structure (42).  

The production of parathyroid hormone related peptide is increased in metastasis of 

breast cancer to bone. This peptide induces the formation of osteoclasts and bone 

resorption, which in turn releases transforming growth factor β. Transforming 

growth factor β further increases production of peptide by breast cancer cells (43). 

In the vicious cycle of breast cancer metastasis, bone destruction increases local 

calcium levels, which promotes tumor growth and production of parathyroid 

hormone related peptide. Breast cancer cells also produce, or induce, interleukin-6, 

prostaglandin E2, macrophage colony stimulating factor, interleukin-1 and tumor 

necrosis factor α , (44) which may also play an important role in the induction of 

osteoclast formation by breast cancer metastasis. Prostaglandin E2 can increase the 

expression of RANKL and directly enhances the effect of RANKL on the formation 

of osteoclasts (12, 43). 

Osteopontin is also widely expressed in breast cancer and has been assessed as a 

potential prognostic factor in metastatic breast cancer. Osteopontin is a secreted 

phosphoprotein that is synthesized in a variety of tissues, high level of OPN is 

detected in the bones, where it is produced by both osteoclasts and osteoblasts (33). 

Osteoclastogenesis is reduced in the absence of OPN, and the osteoclasts which are 

produced are less motile and have impaired ability to resorb bone. OPN is widely 

expressed in variety of human tumors and has been assessed as potential prognostic 

factor in metastatic breast cancer. 

 

1.9.-b. Metastatic genes of BRC 

Although the metastatic potential of tumors does not necessarily depend on their 

proliferation potential, but in certain tumors such as breast cancers, the proliferation 

rate of the tumor is frequently associated with poor prognosis. Therefore, markers of 

proliferation potential have been studied extensively. 

NM23 was the first metastatic suppressor gene to be described. Decreased 

expression of NM23 gene and low levels of NM23H1 protein, in breast cancers is 

associated with poor survival. The metastasis suppressor, E-cadherin, is usually 
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down-regulated in invasive breast cancer and it’s proved to be an independent 

negative prognostic factor for node status (17). 

CD44 and its variants are differentially expressed in breast cancers, it was 

demonstrated that expression of v6 variant correlates to favorable prognosis in node 

negative patients, while the expression of CD44v3-4 indicates the potential for local 

lymphatic spread (17, 45). 

Down regulation of β1 integrins (laminin collagen receptors) is detected mainly in 

invasive breast cancers. On the other hand, highly invasive breast cancers were 

shown to express αvβ3 integrins, these proteins show high affinity to osteopontins 

and osteonectins, (found extensively in the bones), suggesting that these adhesion 

molecules may mediate the specific recognition of the bone by circulating metastatic 

cells. 

Up regulation of MMP genes, namely MMP-2 overexpression, is and strong 

independent prognostic marker for unfavorable outcome and metastasis (46). 

  

1.9.-c. Detection of micrometastasis in breast cancer 

Despite apparent curative surgery in the treatment of breast carcinoma 25% of node 

negative patients still develop lymph node and distant metastatic disease. These 

groups of patients usually have occult micrometastatic disease at the time of surgery 

and they are under-staged. Up to 38% of patient with stage 1 and 2 breast cancers 

have demonstrated micrometastasis and reduced survival (14, 47).  

The formal TMN staging is based almost exclusively on the anatomical stage of the 

disease, which is assessed using a combination of tumor size or depth (T), lymph 

node spread (L), and presence or absence of metastasis (M). The TNM system has 

provided a standardized, anatomical basis for staging and several important 

functions (47). It provide basis for prediction of survival, choice of initial treatment, 

stratification of patients in clinical trials, accurate communication between 

healthcare providers, and uniform reporting of outcome 
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The anatomically based TNM staging system remains useful for the system listed 

above, but new factors are both complicating the situation and providing new 

opportunities when it comes to predicting survival and/or selection of therapy. 

Development of biomarkers has opened a new chapter in cancer therapy. First, 

individual molecular markers and patterns of markers are successfully subdividing 

traditional tumor classes into subsets that behave differently from each other. 

Second, chemotherapeutic and biological agents are more effective and more widely 

used than when TNM staging was introduced, especially in the adjuvant staging. 

Third, many new targeted agents such as tamoxifen, are effective only if their 

receptive molecular markers are mutated or expressed in sufficient levels (12, 14, 

47). 

Specifically in the case of bone metastasis, biomarkers could be used for detection 

of the origin of metastasis and subsequently choice of initial treatment. 

 

Several biomarkers could be used for early detection of metastasis from breast 

cancers (17, 47).  

1. CA15-3 is a glycoprotein found in serum of patients of breast cancer is used for 

monitoring  

2. CA27-29 is a glycoprotein found in serum of patients with breast cancer used for 

monitoring 

3. Cytokeratins, belonging to the membrane proteins could be detected by 

immunohistochemistry; they are used as prognostic factors 

4. Estrogen receptor and progesterone receptor, belonging to the membrane proteins, 

detected on primary tumors of breast cancers, used for the selection of hormonal 

therapy, 

5. HER2/NEU proteins detected in breast tumors, by immunohistochemistry, used 

for prognosis and selection of therapy 

6. HER2/NEU protein detected in serum, could be used for monitoring 

7. c-erbB2 protein usually a predictor of a poor outcome 

8. VEGF protein overexpression, correlated with high rate of metastasis and 

consequently poor outcome,  
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1.10. Dissemination of lung cancers 

Bronchial carcinomas are without doubt the number one cause of cancer related 

deaths in industrialized countries. The pick incidence of lung cancer occurs between 

ages 40 and 70 years; currently the male to female ratio is 2 to 1. Male cigarette 

smokers are about 10 times more likely to die of bronchogenic carcinoma than are 

nonsmokers (48).  

The four major histological types of bronchogenic carcinomas are squamous cell 

carcinoma, adenocarcinoma, large cell undifferentiated carcinoma, and small cell 

carcinoma. It has become apparent that for most therapeutic decisions the first three 

can be lumped into a category termed non-small cell lung carcinoma (NSCLC) to 

distinguish them from small cell lung cancer (SCLC) (49). 

Like all cancers, lung cancers result from genetic changes that affect oncogene and 

tumor suppressor genes. SCLCs are characterized by changes in several oncogens, 

including amplification of myc family. L-myc amplification is associated with 

particularly aggressive behavior (17). Overexpression or increased function of 

EGFR, cyclin-D1, and BCL2 genes are frequently detected in lung cancers. 

Mutational inactivation of P53, p16, FHIT, RASSFIA, SEMA3B, and Rb are also 

common in SCLC. In addition all SCLCs have a deletion of the short arm of 

chromosome 3 (3p14-25), where at least three tumor suppressor genes are suspected 

to reside (49).  

Genomic profiling of lung cancer revealed that squamous cell cancer is characterized 

by overexpression of several members of the arachidonic acid metabolizing system 

(LTB4 dehidrogenase and COX-2) which produce bone regulatory prostanoid 

metabolites 3. It is worth to mention that PTHrP or bone matrix protein expressions 

characterizing other bone metastatic cancer types are not expressed by squamous cell 

lung cancer. 

The genetic alterations in NSCLC are somewhat different. Alteration in myc, p53, 

and Rb are present, but less frequently than in SCLC. On the other hand, mutations 

of K-ras, not seen in SCLC, are found in about 30% of adenocarcinomas, and the 

activation of these oncogenes is associated with poor prognosis (49).  
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A proportion of Non Small Cell Lung Cancers (NSCLC) are characterized by EGFR 

protein over expressions partly due to gene amplification and in a subset of 

adenocarcinomas by tyrosine kinase domain mutations (49, 50). On the other hand, 

smoking induces K-RAS mutation which occurs in 20-30% of NSCLC being more 

frequent in adenocarcinomas than in squamous cell cancers (51). It is worth to note 

that the K-RAS and the EGFR-TK mutations are mutually exclusive (50, 52). EGFR 

overexpression in NSCLC has no prognostic importance whereas, EGFR 

amplification and especially TK mutations predict favourable response to EGFR 

targeted therapies. (53) On the other hand, K-RAS mutation was reported to be a 

negative prognostic and predictive factor, although other studies challenged this view 

(51) It is important to note that almost all of the aforementioned studies on EGFR 

and K-RAS were performed on primary tumors and much less information is 

available concerning the metastatic tissue.  

Tumor induced angiogenesis is and independent prognosticator for disease 

progression in lung cancers. Over-expression of VEGF, bFFGR, and FGRFR1 add 

correlate with unfavorable outcome (17, 50). 

Lung cancers are characterized by high metastatic potential; therefore identification 

of metastatic potential specific markers would be highly desirable to clinical 

oncologists. 

 

1.10  a. Metastasis genes in NSCLC 

Expression of CD44 is associated with poor survival but on the contrary to breast 

cancers no splice variants have been detected in lung cancers. NM23 is not 

expressed by bronchial epithelium but it can be expressed by NCSLC, a feature that 

strongly predicts poor survival. Besides the NM23H1 expression is associated with 

c-myc expression and proliferative potential of the tumor (17).  

 

1.10. b. Biomarkers in lung cancers 

On the contrary to plenty of tumors, there are no biomarkers in value for early 

detection of the disease. 
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There are controversial data for carcino-emberionic antigen (CEA), used in 

diagnosis of NSCLC and neurospecific enolase, used for detection of SCLC. 

Though detection of disease in early stages is quite difficult, there are several 

markers for prediction of the outcome of the disease. Methylation of DAPK and IL-

10 gene leading to reduced expression, in combination with BCL2 and Ki-67 

overexpression is powerful indicators of poor survival (48). 

Aggressive subtypes of adenocarcinomas are found to express p16/INK4, 

arachidonic acid metabolizing enzymes, COX and LTB4 dehydrogenase, as well as 

proteases such as cathapsin-L and uPA. P63 and caspase4 involved in the regulation 

of apoptotic potential, HER2 and cytochrome p450, as well as matrix proteins 

namely laminin and bone morphogenic protein-2 are also highly expressed in 

aggressive subtypes of adenocarcinomas (17 45, 48). On the other hand, the good 

prognosis signature contained surfactant protein A, TTF1, and hespin protease (17). 

 

In adenocarcinomas, loss or reduced expression of laminin/collagen receptor α3 

(β1) is associated with poor survival. Loss of expression of αv (β3) from NSCLC 

cells predicts the recurrence of the disease in N0 graded patients. Appearance of 

MUC-1 in adenocarcinoma is a bad prognostic factor (17, 48).  

 

1.10. d. Differential diagnosis of the primary or metastatic tumors in 
the lungs 
 

A significant portion of primary tumors of the lungs are adenocarcinomas, on the 

other hand adenocarcinomas of different origin are frequently spreading to the lungs 

(49). In order to achieve a proper therapeutic approach one has to distinguish 

between tumors of pulmonary origin and metastatic ones (17). Adenocarcinomas of 

the lung originate either from type 2 pneumocytes of Clara cells, which do maintain 

distinct and specific ultra-structural characteristics in their tumors. Pneumocytes 

contain cytoplasmic lamellar bodies due to the production of surfactant, a unique 

intranuclear inclusion (apoprotein) and microvilli without glycocalix. Clara cells 

also have lamellar bodies and occasionally dense core granules. These ultra-
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structural features are maintained in the well and moderately differentiated 

adenocarcinomas of the lungs (49, 50). Certain proteins could be used as markers 

too, cytokeratin 7 (CK-7), villin, and thyroid transcription factor-1 (TTF-1) could be 

used to differentiate the adenocarcinomas with pulmonary origin. Metastatic 

adenocarcinomas of colon show enhanced expression of CK-20 (17). Presence of 

glycocalix positive microvilli on the tumor cells supports the diagnosis of colonic 

adenocarcinoma. Adenocarcinomas of breast origin express cystic fluid protein-15 

(CFP15) which is almost never expressed in primary tumors of the lung (54). 

Surfactant protein A or B could be occasionally expressed by adenocarcinomas of 

the breast, on the other hand prostate, colonic and renal adenocarcinomas, never 

express surfactant protein, so this protein could be used for differential diagnosis 

(53). Electron microscopy could be used for identification of adenocarcinomas of 

breast origin, since these cells usually contain intra-cytoplasmic lumens decorated 

with microvilli (53, 54) 

 

 Table 1: Differential diagnostic markers of primary and metastatic 

adenocarcinomas of the lung (17) 

 

 SFA/B TTF-

1 

CK-

7 

CK-

20 

CEA villin CFR-

15 

ER         

S100 

Lung 

primary 

+ + + - + + - +/-        

+ 

Breast 

cancer 

+/- - + - + + + +          

+/- 

Colon 

cancer 

- - - + + + - -             

- 

 

SFA: Surfactant 

TTF: Thyroid transcription factor 

CK: Cytokeratin 

ER: Estrogen receptors 
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1.11. Cancer of prostate 

Carcinoma of prostate is the most common visceral cancer in males in US, ranking as 

the second most common cause of cancer related deaths in men older than 50 years of 

age, after carcinoma of the lungs. It is predominantly the disease of older males with a 

pick incidence between ages of 65 and 75 years. Latent cancers of the prostate are even 

more common than those, which are clinically apparent, with and overall frequency of 

more than 50% in men older than 80 years of age (55).  

Histologically, most prostate carcinomas are adenocarcinomas exhibiting variable 

degree of differentiation. The better-differentiated lesions are composed of smaller 

glands that infiltrate the adjacent stroma in an irregular, haphazard fashion. 

Prostate cancer spreads to the bones relatively in early stages of the disease, causing 

multifocal metastasis. Bone metastasis particularly to the axial skeleton is common and 

may cause either osteolytic or more commonly osteoblastic lesions (12, 17). 

Accordingly staging is more complex and grading system applied is more complicated. 

Gleason score seems to fit these requirements. Capsular invasion is a very strong 

prognostic factor, since the encapsulated lesions seems to have a much better 

prognostic outcome (55). Presence of androgen receptors on the prostate cancer could 

be considered as positive sign and a good prognostic outcome. Prostate cancers show 

different sensitivity to androgen and based on this they are divided to several groups: 

Androgen dependent, androgen sensitive, and androgen independent (17). Emergence 

of androgen independent phenotype is mediated by profound genetic changes in cancer 

cells, including expression of growth factor receptors such as EGFR, c-erb-B2, loss of 

suppressor genes mainly, p53, DCC and APC, and amplification of oncogens, 

including c-myc and bcl-2 genes.  

Extent of vascularization may affect the prognostic outcome in prostate cancers. 

Determination of vascular density of tumor is obligatory to establish prognosis (56, 

57). 

It is a repeated finding that in prostate cancers with poor prognosis the cell adhesion 

molecule and strong suppressor of metastasis E-cadherin is down regulated. Poor 

prognostic cancers are also characterized by loss of laminin/collagen receptors β4 
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integrin and ectopic expression of α2bβ3. In advanced cancers both uPA and MMP-

2 are over-expressed. 

 

1.11 a. Metastatic genes in prostate cancer 

Expression of metastatic associated genes is highly unusual in prostate cancer. Loss 

of CD44 (tumor suppressor gene) and expression of NM23H1 (metastatic gene) 

occurs in cancer characterized by poor prognosis and systemic dissemination. 

Meanwhile epithelium of prostate expresses a unique metastatic suppressor gene, 

KIA-1, coding for a motility related membrane glycoprotein CD82 (17). It has been 

demonstrated that the expression of KIA-1 is down-regulated in more aggressive 

tumors (56, 57) 

 

1.11. b. Biomarkers of carcinoma of prostate 

1. PSA (prostate specific antigen) total in serum used for screening and monitoring. 

2. PSA % in serum for differential diagnosis between benign prostatic hyperplasia 

and carcinoma 

3. Alkaline phosphatase in serum for differential diagnosis of benign condition and 

malignant tumor 

4. RT-PCR for PSA m-RNA is recently being used for detection of micro metastasis 

and selection of therapeutic approach (12, 17). 

5. PAP (Prostatic Acid Phosphatase) is found in high titers in serum of patients with 

carcinoma 

6. PSMA (Prostatic Specific Membrane Antigen) could be detected in prostatic 

cancer patients with rather advanced disease 

 

1.11. c. Osteoblastic metastasis in prostate cancer 

The exact mechanism of osteoblastic metastasis and the factors involved are 

unknown. Endothelin-1 has been implicated in osteoblastic metastasis from breast 

cancer (58). It stimulates the formation of bone and the proliferation of osteoblasts 
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in bone organ cultures (59), and serum endothelin 1 levels are increased in patients 

with osteoblastic metastasis from prostate cancer (12). Treatment with a selective 

endethelin-1A-receptor antagonist decreases both osteoblastic metastasis and tumor 

burden (58). Treatment with antagonist has no effect on the growth of tumor at 

orthotropic sites. This suggests that blocking osteoblast-inducing activity by tumors 

may decrease tumor growth and osteoblastic activity and suggests that a vicious 

cycle may also be involved in osteoblastic metastasis in which tumors induces 

osteoblasts activity (58,17) and subsequent release from the osteoblasts of growth 

factors that increases tumor growth. In addition to endothelin-1, platelet-derived 

growth factor, a polypeptide produced by osteoclasts in bone microenvironment, 

urokinase, and PSA may be involved (60). 

Overproduction of urokinase like plasminogen activator (u-PA) by prostate cancer 

cells increases bone metastasis (61, 12). These data are confirmed by significantly 

reduced metastasis potential by cells transfected with anti-sense DNA to u-PA. PSA 

(a kallikrein serine protease) released by human prostate cancer cells, cleaves 

parathyroid-hormone related peptide in their N-terminal, which may block tumor 

induced bone resorption. It may also activate osteoblastic growth factors released in 

the bone microenvironment, during the development of bone metastasis, such as 

insulin like growth factor 1&2, or transforming growth factor β  (60). These data 

suggest that a vicious cycle may also be responsible for osteoblastic metastasis. 

Bone metastases in prostate cancer are predominantly osteoblastic, with increased 

numbers of irregular bone trabeculae (62). However markers of bone resorption are 

also increased in prostate cancer, there is usually no histological evidence of 

increased numbers of osteoclasts. In prostate cancer, levels of bone resorption 

markers are higher in patients with bone metastasis than in patients without bone 

metastasis and reflect the extent of bone metastasis more accurately than does the 

PSA level (12).  

 

 



 34

1.12. Renal cell carcinoma 

 

Renal cell carcinomas are adenocarcinomas arising from tubular epithelial cells, and 

represent 2% of all cancers in adults. These cancers are usually large by the time they are 

discovered measuring 3 to 15 cm in diameter. They may arise anywhere in the kidney 

(63). Depending on the amount of lipid and glycogen present, the tumor cells may appear 

almost totally vacuolated (lipid-laden, clear cell) or may be solid. Renal cell carcinoma 

can be classified into several subtypes according to histology. Clear cell carcinoma is the 

most common form, and accounts for majority of cases of renal tumors. Other 

histological types are papillary, chromophobe and collecting duct carcinomas showing 

gradual reduction in prevalence from papillary toward collecting duct cancers (63, 70). 

 

 Our knowledge about the molecular genetics of RCC has grown significantly in the past 

decade, and as a result, we have now a much more appropriate picture on the 

carcinogenesis of RCC. Sporadic clear cell RCC is characterized by inactivating mutation 

or methylation of VHL, defining this suppressor gene as primary regulator of the 

carcinogenesis of RCC (63,64) The consequence of the loss of VHL function in clear cell 

RCC is the overexpression and activation of HIF1α, a master regulator of the hypoxia-

responses of cells. Overexpression of HIF1α in RCC results in the up-regulation of 

several growth factors including VEGF, responsible for the up-regulated angiogenic 

phenotype of RCC, and overexpression of various receptors including VEGFR2 (63,64). 

On the other hand, clear cell RCC is characterized by frequent up-regulation of EGFR 

protein as well, which is not due to mutation or amplification of the gene (65, 66, 67). 

However, the prognostic significance of the overexpression of EGFR in RCC is 

controversial (68, 69, 70). 

Almost half of the patients with RCC experience distant metastasis during the course of 

their disease. Metastatic RCC is a disease historically resistant to chemotherapy. A 

limited subset of patients will experience clinically meaningful benefit from interleukin-2 

and /or interferonα therapy, but there was no effective therapy for patients who did not 

respond or relapsed after cytokine-based treatment. However, this trend was rapidly 

shifted recently with the advent of molecular targeted therapy of RCC (63, 71). Both anti-
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VEGF antibody therapy (72), as well as multi-targeting the signaling pathways in 

metastatic RCC by VEGFR2 (73) or RAF-inhibitors (74) resulted in significant inhibition 

of disease progression, identifying these treatments as novel standard of care. However, 

the molecular marker(s) of drug sensitivity of RCC is not yet defined. On the other hand, 

trials also indicated that EGFR in RCC could also be potential target for molecular 

therapy, since several EGFR inhibitors shown clinical activity in metastatic RCC (75, 

76). Meanwhile there are limited data available on the pheno-genotype of metastatic 

(bone) RCC although these new therapies are introduced in advanced stage. It would be 

worth to compare the EGFR and VEGFR expression profile on primary and metastatic 

tumors of renal origin, to be able to predict the tumor response to chemotherapy. 

 

1.12. a. Metastatic genes in RCC 

VHL tumor suppressor gene, MET proto-oncogene encoding a receptor tyrosine 

kinase, FH, encoding fumarate hydratase, can be involved in tumorgenesis (17). 

Familiar RCC occurs due to an inactivating mutation of VHL gene while papillary 

RCC is due to mutation in c-met oncogene. VHL gene allele deletion (loss of 

heterozygosity) has been demonstrated in 84% to 98% of sporadic renal tumors (63, 

64). VHL gene inactivation also occurs through methylation of CpG rich DNA (17, 

63), rendering the gene transcriprionally inactive, practically VHL suppressor gene 

could be defined as the main regulator of carcinogenesis of RCC. In consequence to 

the loss of VHL gene function, HIF1α gene-a master regulator of hypoxia of the 

cells-gets activated and over expressed. Up-regulated HIF1α in RCC results in up-

regulation of several growth factors including EGF and VEGF (72, 73), responsible 

for epithelial proliferation and angiogenesis respectively. On the other hand, clear 

cell RCC is frequently characterized by EGFR overexpression (64), irresponsive to 

gene mutation. EGFR overexpression is correlated with an aggressive clinical course 

in variety of cancers including renal cell carcinomas (17, 65). High EGFR titer is a 

poor prognostic factor, usually associated with shortened survival. 
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In the table below you may view the familiar syndromes associated with RCC (17, 

49). 

 

Renal tumor Disease  gene 

Clear cell RCC bilateral 

.multiple 

Von Hipple-Lindau VHL 

Clear cell RCC unilateral 

solitary 

 Translocation on 3q or 

VHL 

Clear cell RCC Hereditary 

paraganglioma 

SDHB 

Clear cell RCC 

angiomyolipoma 

Tuberous sclerosis TSC1-2(9q-16p) 

Papillary RCC bilateral 

multiple 

Hereditary papillary RCC MET (7q) 

Papillary RCC unilateral 

solitary 

Hereditary 

leiomyomatosis RCC 

FH (1-q) 

Papillary RCC, Wilm’s 

tumor 

hyperthyroidism, jaw 

tumors 

HRPT (1q) 

 

 

MET is a proto-oncogen encoding a receptor tyrosine kinase that is normally activated 

by hepatocyte growth factor (HGF). The MET-HGF pathway is responsible for many 

regulatory cell functions. Most of the germ line mutations occur in the MET activation 

loop or in the ATP-binding pocket leading to ligand independent MET activation.  

Birt-Hogg-Dube (BHD) syndrome is a genodermatosis, and BHD gene encodes 

folliculin, without a known function. Almost half of the mutation occurs in the 

mononucleotide tract of cyanosis due to slipping in the DNA polymerase during 

replication. 

 (CA9) plays a role in the regulation of intra-and extracellular PH during period of 

hypoxia in tumor cells. CA9 is one of the genes under the control of HIF-1 and seems 

to play a very important role in RCC. Down regulation of CA9 in RCC patients is a 

predictor of metastasis.  
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Comparative genomic micro-array analysis (CGMA) identified consistent down-

regulation of gene expression on chromosome 3 and frequent up-regulation of a short 

segment on chromosome 5 (5q) in clear cell RCC samples, as well as gain in 

expression at chromosome 7, 16p, and 17 in papillary RCC. 

 

1.12. b. Prognostic biomarkers of RCC 

Classical negative prognostic factors of RCC are aneuploidy and high S-phase 

fraction (12, 73). P53 positive cases are evaluated as poor prognostic ones. Among 

the adhesion molecules, cadherin-6 and MUCI/EMA are also the markers of poor 

prognosis (49). On the contrary to prostate cancers where expression of androgen 

receptors was usually demonstrating a favorable course of disease, up-regulation of 

androgen receptors in RCC is a predictive factor for a poor outcome (17). Certain 

cytokines such as interleukin-6 are elevated in patients with RCC; they usually 

indicate the advanced stage of the disease. Renal cancers are one of the most 

vascularized types of cancers in human. VEGFR are constitutively present in serum 

of RCC patients, but its level does not have prognostic significance (70, 73). 

VEGFR can also be detected in RCC cells, and the intensity of staining usually 

correlates with grade and stage of tumor (49). 

Inactivation of VHL and overexpression of HIF-1, induces production of several 

growth factors such as EGFR, VEGF, IGF, which in turn they increase the 

metabolism of the cell, ending up to overexpression of glucose transporters, 

glycolytic enzymes, which are categorized as poor prognostic factors (49). 

The expression of apoptotic inhibitor XIAP is decreased with increasing grade of 

RCC, reflecting a poor prognosis (77). Adhesion molecules cadherin-6 has also been 

proved to be the marker of poor prognosis. RCC do not express estrogen or 

progesterone receptors, but in small proportion of cases androgen receptors could be 

detected, which usually correlate with poor prognosis (49, 78) 

On the other hand BCL2 expression associated with low Ki-67 labeling index and 

rare p53expression, are favorable factors for prognosis. 
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Numerous investigations reported the prognostic significance of CD44 and v6 

isoform overexpression, in clear cell type of RCC. On the other hand up-regulation 

of osteopontins expression is associated with increased metastatic potential and 

consequently poor prognosis of the disease. 

 

Figure 4: Pathomechanism of bone metastasis 
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1.13. Colon cancers (CRC) 

The major histological type of large bowel cancers is adenocarcinoma which 

accounts, for 90% to 95% of large bowel tumors. Colloid or mucinous 

adenocarcinoma represents about 17% of large bowel tumors. 

There are several kind of grading for tumor of large bowel, TNM, Dukes, MAC 

(modified, Astler-Coller system correlated with TNM) are the accepted ones used in 

clinics for diagnosis and monitoring (17). 

Prognostic pathology of colorectal cancer involves primarily macro-and microscopic 

features of the primary tumor. One of the oldest staging systems of the tumors, 

Ducks staging has survived into this century 

 

1.13. a. Metastasis genes in CRC: 
Expression of CD44 and its splice variant, v6, has been extensively studied in 

colorectal cancer. Up regulation of CD44 is a strong negative prognosticator, both 

for development of metastasis and poor survival (79, 80). Enhanced VEGF 

expression is found in patients with advanced disease and it’s usually correlated with 

poor outcome of the disease (81). U-PA emerged as a strong independent 

prognosticator for colorectal cancer, where also the ratio of tumor versus Stromal 

cells has predictive value for metastasis and disease progression. Catapsin B was 

found to be increased in invading tumors (49). In MMP family of proteases, several 

members are expressed by colorectal cancer, and the expression of MMP-2 seems to 

be a constitutional event suggesting that this is necessary but not sufficient for 

metastatic potential (82). K-RAS oncogene overexpression was also found as 

negative prognostic factor. 

1.13. b. Prognosis of CRC 

Invasion of lymphatic vessels by tumor tissue is usually correlated with later 

occurrence of metastasis and poor survival (49). In local recurrences, perineural 

invasion must be examined carefully, since its presence predicts disease progression 

and distant metastasis. 
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1.15. EGFR family 

 
Is a member of ErbB family receptors, a superfamily of four closely related receptor 

tyrosine kinases. 

1. ErbB1 or HER1 fund almost on all epithelial cells 

2. ErbB2 or HER2 found predominantly on breast cancer cells 

3. ErbB3 or HER3  

4. ErbB4 or HER4  

 
EGFR exist on the cell surface and is activated by binding of its specific ligands, 

including epithelial growth factor and transforming growth factor α (TGFα). 

Binding of ligand to EGFR induces dimmerization of receptor. EGFR dimerization 

stimulates its instinct intracellular protein kinase activity. As a result auto-

phosphorylation of five tyrosine residues in C-terminal domain of EGFR occurs. The 

autophosphorilation elicits downstream activation and signaling by several other proteins 

that associate with the phosphorylated tyrosine through their own phosphotyrosine-

binding SH2 domains. These downstream signaling proteins initiate several signal 

transduction cascades principally the MAPK, AKt and JNK pathways’, leading to DNA 

synthesis and cell proliferation (68).  

Mutations that lead to EGFR overexpression (known as up-regulation) or over-activity 

have been associated with a number of cancers, including breast and lung cancers. 

The identification of EGFR as an oncogene has lead to the development of anticancer 

therapeutics directed against EGFR, including gefitinib and erlotinib for lung cancers, 

cetruximab for colon cancer, and transtuzumab for breast cancer (53, 65, 74). 

These therapies are based in the use of monoclonal antibodies against EGFR or in protein 

kinase inhibitors. The monoclonal antibodies block the ligand binding domain with the 

use of anti EGFR antibodies. With the binding site blocked, signal molecule can no 

longer attach there and activate the tyrosine kinases. In this way tumor growth could be 

down-regulated.  
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1.16. VEGFR family 
 
Vascular endothelial growth factor (VEGF) is a highly specific mitogen for vascular 

endothelial cells. Several VEGF isoforms are generated as a result of alternative splicing 

from a single VEGF gene (57). VEGF induces endothelial cell proliferation, promotes 

cell migration and inhibits apoptosis. In vivo VEGF induces angiogenesis so it plays a 

role in regulation of vascularization (73). Deregulated VEGF expression contributes to 

development of solid tumors by promoting tumor angiogenesis. VEGF also contributes to 

the developments of tumors because of its ability to induce permeablization of blood 

vessels. VEGF induces the formation of fenestrations in blood vessels and the formation 

of vesiculo-vascular organelles that form channels through which blood born proteins can 

extravasate. This leads to the formation of an extra-vascular fibrin gel, which provides a 

matrix that supports the growth of endothelial cells and tumor cells and allows invasion 

of Stromal cells into the developing tumor (147). 

These are the receptors for vascular endothelial growth factors on the surface of 

endothelial cells, and they constitute three main subgroups. 

1. VEGFR-1 (Flt-1) 

2. VEGFR-2 (Flk-1/KDR) 

3. VEGFR-3 (Flt-4) 

VEGFR-1&2 are expressed predominantly on the endothelial cells, but a few additional 

types of cells express these receptors. The VEGFR-1 is expressed on trophoblast cells, 

monocytes and renal mesangial cells. VEGFR-2 on the other hand is also expressed on 

hematopoietic stem cells and retinal progenitor cells. VEGFR-3 receptor, which is 

expressed on lymph vessels, binds VEGF-C and VEGF-D (81, 147). 

 

1.17. From primary tumors to metastasis 
There are several developmental models for metastasis. These are categorized in three 

main subgroups. 

1. Clonal evolution/selection theory: in this model metastasis develops rather late in 

the course of the disease and the metastatic cells usually demonstrate the clonal 

characteristics of subgroups of cells in primary tumor. 
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2. Parallel development theory: In this model metastasis develops in early stages of 

the disease, meaning that micro metastasis is initiated with the growth and 

development of primary tumor and consequently these groups of cells can 

produce totally new clones at the metastatic site.  

3. Same gene model theory: this is rather a borderline between two extreme subtypes 

mentioned previously 

 

1.18. Therapeutic approach for managements of patients with 

bone metastasis  

Facing a patient with distant metastasis one may raise several questions: 

What could possibly be the best therapeutic approach for patient?  

How can we enhance the effectiveness of therapy? 

Which elements make the cancers resistant to chosen therapy? 

And eventually how can we avoid the recurrence of cancers?  

Of course there are several therapeutic approaches such as surgery, radiation therapy, 

chemotherapy, and recently introduced targeted therapies. Every each mode has its 

advantages and disadvantages of course.  

Targeted therapy seems to be quite promising field, on the contrary to chemotherapy 

these agents act on more specific groups of cells reducing the unwanted side effects of 

chemotherapy. 

Several models exist for tumor metastasis to the bones; consequently one should be pretty 

conscious while putting the patient with distant metastasis on targeted therapy about the 

mode of dissemination, as it can dramatically affect the outcome.  

Based on the theories mentioned previously, the genotype of tumor cells on metastatic 

site can either be identical, borderline or totally different from the primary tumor. In our 

work we compared the genotype/phenotype alterations between primary and bone 

metastatic sites in RCC, NSCLC, and breast cancers. 

It is always worth to genotype the metastatic samples since in this way we can avoid 

exposing the patients on unnecessary medications.  
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1.19. Aim of our studies 
 
It is generally accepted, spatially by clinicians that the phenol/genotype of a given cancer 

metastasis is similar to the primary tumor. Meanwhile there are rare clinical date in the 

literature on this subject, further more very few pathological studies were aimed on 

characterization of bone metastasis of    certain     cancers , even though this is a rather 

frequent site of distant metastasis. Therefore we have categorized four aims in our 

studies.  

1. Comparison of the EGFR phenotype of RCC and NSCLC in bone metastasis.  

2. Comparison of VEGFR phenotype of primary tumors and bone metastasis in 

RCC 

3. Comparison of K-RAS mutational status of primary tumors and bone 

metastasis in NSCLC 

4. Comparison of HER-2 /neu status of primary tumors and bone metastasis in 

BRC 
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 2. Materials and methods 

2.1 Patients 

We have selected 11 NSCLC cases for this retrospective histopathological analysis from 

the archive of the Department of Orthopaedics with the approval of the local ethical 

committee. NSCLC patients presented with bone metastases, which were at least partially 

removed by surgery (patient’s data are on Table 3). Paraffin embedded tumor samples of 

both the bone metastases as well as primaries were available for analysis. The majority of 

the NSCLC patients were male (9/11) and adenocarcinomas dominated over squamous 

cell cancer (9/2). (Table 3) The age distribution was 47 and 72 years. Except one case, 

bone metastases developed following surgery of the primary tumor. Besides bones, liver 

kidneys and lymphatic system were the most frequent sites affected by tumor 

dissemination. Majority of cases were put on various chemotherapeutic protocols beside 

surgical intervention. The survival of the patients varied between 21 and 75 months. 

 

We applied our studies on primary and bone metastatic samples of 20 patients diagnosed 

by RCC. The samples were paralelly analized for EGFR, and VEGFR by immune 

histochemistry (Table 4). 

 

Bone metastases tumor samples of breast cancer were retrospectively collected from the 

pathology departments of following institutes (Departments of Orthopedics and 

Traumatology of Semmelweis University and National Institute of Traumatology). 

Samples were derived from open biopsies of bone metastases obtained during transfocal 

stabilization of impending or comleted pathological fractures, or resection of bone 

metastases. We excluded 9 cases because of over-decalcination or insufficient amount of 

tumor tissue in the section. In total we investigated 48 metastatic cases. We were able to 

obtain paraffin embedded samples of the primary breast cancers in 23 patients. The 

characteristics of the patients are shown in Table 5. We have assessed the histological 

grade of the metastases inn 44 of the 48 cases by the Bloom-Richardson method as 

previously described. (141) 
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Table 3. NSCLC patient’s characteristics. 

 

Case 

No. 

sex Age 

(years) 

Histology 

of 

primary 

Adjuvant 

therapy 

Primary 

survival 

(month)

Bone 

metastasis

Metastasis 

therapy 

Overal 

survival 

(month)

1 F 53 AC NA NA Fe,l TEP 28 

2 M 76 AC S 18 Fe,l TEP 36 

3 M 67 SQCC S+CY 35 T,r PR 42 

4 M 57 SQCC S+CPD, 

DOXO 

31 Fe,r PR 47 

5 F 47 AC S+CPD 51 Fe,l TEP 75 

6 M 49 AC S+DOXO 41 Fe,r PR 59 

7 M 72 AC S+DOXO 46 Fe,r TEP 55 

8 M 66 AC S+chemo 19 U,r PR 21 

9 M 56 AC S 25 Fe,r PR 38 

10 M 53 AC S+DOXO 49 Fe,l TEP 42 

11 F 60 AC S+CPD 11 Fe,l TEP 24 

 

AC= adenocarcinoma, Chemo= undefined chem,otherapy, CPD= cis-platinum, DOXO= 

doxocylin, F= female, Fe=femoral, M=male, PR= partial resection, S= surgery, SQCC= 

squamous cell carcinoma, TEP= total epiphyseal prothesis, T=tibial, U=ulnar metastasis, 

r=right, l=left, 

 

Forty paraffin-embedded surgical samples of clear cell RCC were used throughout this 

study where material was available from both primary and bone metastatic lesions (Table 

7). The male to female ratio was 15:5 and the age distribution was 48-78 years. All the 

cases were diagnosed as clear cell renal cell cancer (CC-RCC) with 3 and 4 cases 

containing sarcomatoid and chromophobic regions, respectively. Fuhrman grading was 

used to stratify the cases. The bone metastases have been operated with either palliative 

of curative total endoprothesis. Four cases were treated with hormone, four patients with 
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bisphosphonates and one patient with interferon-α.  The survival of the patients was in 

the range of 6-240 months.  

 

Table 4. Clinical data of the renal cell cancer patients 

 

No. Sex Age 

(years) 

Histology Grade Localization 

of bone 

met. 

Therapy Survival 

(months)

1 M 78 CC 3 F  7 

2 M 68 S-CC 4 F  33 

3 F 72 S-CC 4 F  21 

4 M 61 CH-CC 2 Hu H 30 

5 M 69 S-CC 4 Hu  14 

6 F 64 CC 3 Hu  25 

7 F 70 CH-CC 3 F  18 

8 M 71 CC 1 T  42a 

9 F 78 CC 2 F H,B 11 

10 M 69 CC 2 I  14 

11 M 67 CH-CC 2 F  180 

12 M 54 CC 1 F  48a 

13 M 48 CC 2 SC  12a 

14 M 68 CC 2 Hu H 65 

15 M 59 CC 2 I  6 

16 M 64 CC 1 Hu  39a 

17 M 64 CC 1 R  18 

18 F 61 CH-CC 2 Hu B 72a 

19 M 57 CC 2 Hu IFN, B 84 

20 M 52 CC 2 F H,B 240 

a= alive, B= bisphosphonate, CC= clear cell, CH-chromophobe, F=female, F=femure, H= 

hormone, Hu= humerus, I= os ilei, IFN= interferon alpha, M= male, S= sarcomatoid, 

SC= sculp, T= tibia 
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Table 5: Characteristics of patients with breast cancer  
 
 
n 48 
age (median) 59 
sex (female/male) 47/1 
histology (n=48) invasive ductal carcinoma n=35 

invasive lobular carcinoma n=8 
other/not classifiable n=5 

grade of primary tumors (n=23) I.: 1/23 
II.: 10/23 
III.: 12/23 

grade of bone metastases n=44* I.: 3/44 
II.: 29/44 
III.: 12/44 

 
*4 out of 48 bone metastases the sample size was not enough for grading 
 
 
 
Ninety six paraffin embedded samples were available for IHC studies, the median age of 

the patients was determined to be 59, and histological grading was performed both on 

primary and metastatic samples. 35 patients were diagnosed with invasive ductal 

carcinoma, 8 patients with invasive lobular carcinoma whereas 5 patients did not fall into 

these categories. With the exception of one case all the patients were females.  
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 2.2. a. Immunohistochemistry 

 EGFR and VEGFR expression in NSCLC and RCC 

Tissue samples were routinely fixed in 10% (v/v) neutral buffered formalin, dehydrated 

on a graded series of alcohol and xylene and embedded into paraffin at temperature not 

exceeding 60oC. Three to four micron sections were mounted on Superfrost slides 

(Shandon) and manually deparaffinized. We have used the antigen retrieval technique 

suggested by the EGFR pharmDxTM kit (Dako, Glostrup, Denmark): 100 μl 0.1% 

Proteinase K diluted in TRIS-HCl buffer containing 0.015 mol/L sodium azide was 

exposed to the sections for 5 min at room temperature, followed by HQ water washings 

(3+2 min). Alternatively, slides were immersed in 0.05 mM citrate buffer (pH=6), and 

exposed to 750 W microwave for 3x5 min (MFX-800-3 automatic microwave, Meditest, 

Budapest, Hungary). Three % H2O2 for 5 min at room temperature was used to block 

endogenous peroxidase activity. 

The extracellular domain of EGFR protein was detected by the EGFR pharmDxtm kit 

(Dako) using mouse monoclonal anti-human EGFR (EGFR-EC, clone 2-18C9) [6], 

dextran polymer conjugated with HRP and goat anti-mouse IgG and DAB substrate-

chromogen applied rigorously following the manufacturer’s instructions. As positive 

control, slides provided by the manufacturer (formalin-fixed and paraffin-embedded 

pellet of HT29 human colorectal carcinoma cell line) as well as human head and neck 

carcinoma tissue sample previously diagnosed 3+ in 100% of cells for membrane EGFR 

by using EGFR pharmDxTM and CONFIRM anti-EGFR (Ventana) were used.  

To detect the cytoplasmic domain of EGFR (EGFR-CY), we have used rabbit polyclonal 

antibody PU335-UP (Biogenex,) with no dilution. In case of negative control, instead of 

the primary antibody, slides were exposed to the diluents but were processed in the same 

way as other slides.  

To detect VEGFR2/KDR, a mouse monoclonal antibody from R&D Systems (Abingdon, 

UK) diluted 1:20 was used. Samples were incubated overnight with the primary 

antibodies at a temperature of 4oC. As positive control, a human Kaposi sarcoma tissue 

was used, while in negative controls the primary antibody was omitted. 
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 On the successive day LSAB Kit (Dako) was used as developer reagent. Immunoreaction 

was visualized by using diaminobenzidine (DAB for EGFR) or AEC (for KDR) as 

chromogen. Nuclei were visualized by hematoxyline. 

 

DAKO HercepTest for Immunoenzymatic Staining to Detect HER-2/neu Protein 

expression in BRC 

The HercepTest (DAKO, Corp) is a subjectively scored immunohistochemical assay used 

to determine HER-2/neu protein overexpression in histological sections of breast cancer 

specimens. The HercepTest is approved by the FDA (September, 1998) for selection of 

women with breast cancer to receive trastuzumab humanized monoclonal antibody 

therapy. In this study, the HercepTest was performed according to the approved protocol 

as described by the manufacturer. Tissue sections were cut, mounted on plus slides, heat-

treated for antigen retrieval, and immunostained. Antigen retrieval involved boiling the 

tissue sections at 95°C to 99°C in 10 mmol/L citrate buffers for 40 minutes. The sections 

were cooled and treated with peroxidase-blocking reagent for 5 minutes, rinsed, and 

treated with sufficient primary rabbit HER-2/neu antibody to cover the entire tissue 

section for 30 minutes. The sections were rinsed again and treated for 30 minutes with 

visualization reagent, a solution containing both secondary goat anti rabbit antibody and 

horseradish peroxidase linked to a common dextran polymer backbone. After rinsing 

away excess visualization reagent, the sections were incubated in diaminobenzidine for 10 

minutes to identify the location of immunoprecipitates. The tissue sections were 

processed with the DAKO Autostainer Universal Staining System according to the 

instructions of the manufacturer (DAKO, Corp). The sections were counterstained with 

hematoxylin and mounted in Permount. Immunostaining was interpreted with a bright-

field Olympus microscope according to the scoring system of the manufacturer as 0, 1+, 

2+, and 3+ (DAKO, Corp); 2+ and 3+ immunostaining was considered to be 

overexpression and 0/1+ immunostaining was considered to be low expression.  
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Morphometry 

Reactions were evaluated by 2 experts and the % of positive cells as well as the intensity 

of the reaction (0, 1+, 2+, 3+) was determined at least in 3 areas of the tumor. Mean 

levels were determined for each tumor and multiplying % data with intensity values 

produced a final IHC score. Statistical analysis was performed using MS Excel program 

applying t test.  

 

2.2. b. Molecular techniques 

. PCR-RFLP analysis for K-ras gene point mutations in codon-12  

DNA was extracted from formalin fixed and paraffin-embedded tissue using the 

MasterPure™  DNA Purification Kit according to the instructions of the manufacturer. 

We have used two primer pairs (nested PCR). DNA amplifications were performed using 

DyNAzymeTM and Mastercycler gradient thermal cycler supplied by Eppendorf. The 

reaction mixture of reagents for samples was prepared, containing 2.5 μl 10X PCR 

puffer+Mg2+ (DyNazymeTM), 200 μM/each dNTP, 1.00 pM/reaction of each primer, 0.8 

U of DyNAzymeTM polymerase /reaction in the first step and 0.25 U DyNAzymeTM 

polymerase/reaction in the nested step. The Inner sense primer was mismatch primer, and 

the product of PCR contained in the wild type of K-ras gene the recognition site of BstNI 

restriction endonucleas. Outer primer pair 5’-GCCTGCTGAAAATGACTGAAT-3’ and 

5’- GGTCCTGCACCAGTAATATG -3’; 35 cycles of denaturation at 95 oC for 1 min, 

primer annealing at 55 oC for 1 min, chain elongation at 72 oC for 2 min. Inner primer 

pair 5’-GAATATAAACTTGTGGTAGTTGGACCT-3’and 5’-

GGTCCTGCACCAGTAATATG -3’; 35 cycles of denaturation at 95 oC for 1 min, 

primer annealing at 55 oC for 1 min, chain elongation at 72 oC for 2 min. The amplified 

products were digested with BstNI (New England BioLabs) restriction endonucleas. 

Ensimatic digestions were at 60 oC and  3 h in a total volume of 30µL. Digested PCR 

product were separated on  4% agarose gel in TAE buffer and visualized under UV light 

following ethidium bromide staining. 
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. Fluorescence in situ hybridization (FISH): 

 FISH was perfomed in the cases where samples had 2+ or 3+ her2/neu IHC status in the 

bone metastases and/or in the primary tumors, or if discodance was found in her2/neu 

status detected by IHC between primary tumors and their corresponding bone metastases. 

FISH was performed by using the Oncor INFORM system (Ventana) as previosuly 

described (142) and by using the protocol No.2 of the Benchmark automata stainer. 

Briefly, slides were depraffinised. After denaturation at 90 0C for 10 minutes, they were 

incubated with protease 3 for ten minutes. After digestion, slides were incubated with one 

drop INFORM HER-2/neu probe, following by incubation with FITC/anti-biotin and anti 

mouse/FITC. In the next step slides were counterstained with 4, 6-diamino-2-

phenylindole (DAPI). Slides were assessed for her2/neu gene copy number as previously 

described: for each specimen, gene copy level was assessed in two areas of at least 20 

nonoverlapping tumor cell nuclei by using an epifluorescence microscop (Nikon Eclipse-

600). A tumor was considered to be amplified if there were more than four copies of 

her2/neu per cell. (142) 
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3. Results 

3.1.  Phenotype/genotype of NSCLC 

3.1-a. Comparison of EGFR phenotype of bone metastasis to primary 
tumors of NSCLC 

 
We have selected 11 NSCLC cases for this retrospective histopathological analysis from 

the archive of the Department of Orthopaedics with the approval of the local ethical 

committee. NSCLC patients presented with bone metastases, which were at least partially 

removed by surgery. Paraffin embedded tumor samples of both the bone metastases as 

well as primaries were available for analysis.  

The majority of the NSCLC patients were male (9/11) and adenocarcinomas dominated 

over squamous cell cancer (9/2). (Table 3) The age distribution was 47 and 72 years. 

Except one case, bone metastases developed following surgery of the primary tumor. 

Primary tumors of the patients happened to come to attention when the diameters of 

lesions were ranging between 4 and 11 cm. Besides bones, liver kidneys and lymphatic 

system were the most frequent sites affected by tumor dissemination. Majority of cases 

were put on various chemotherapeutic protocols beside surgical intervention. The 

survival of the patients varied between 21 and 75 months. 

Immunohistochemical studies of EGFR expression in primary and bone metastatic 

NSCLC indicated that similarly to the primary tumors, in bone metastatic (decalcified) 

cancer tissues EGFR protein could be detected by protocol modifications of the EGFR 

PharmDX kit such as microwave antigen retrieval and extended incubation with the 

primary antibody (Fig.5a, c.). Furthermore, the C-terminal domain of the EGFR was also 

reliably detectable at both locations (Fig.5b, d), while phosphorylated EGFR was 

practically absent (data not shown).  
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A       B 

   
  

 

Fig.5. Detection of EGFR protein in NSCLC samples by immunohistochemistry (Case 

No.5). A, C: Immunoreaction of EGFR-EC domain using EGFRPharmDX-kit. B, D: 

Immunoreaction of EGFR-CY domain using polyclonal anti-C-terminal antibody. A, B: 

primary tumor, C, D bone metastasis  

 

Morphometric analysis of the EGFR protein expression of the primary tumors compared 

to the bone metastases demonstrated no significant difference in expression level as 

detected, by both anti-EGFR antibodies (Fig. 6). Comparison of the EGFR expression 

levels of primary and metastatic NSCLC in the individual cases further supported this 

observation, since five out of eleven cases maintained EGFR expression levels (Table 6) 

and four out of eleven cases demonstrated increased expression level at least by 50% 

(Table 6).   

DC 
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Fig.6. Comparison of EGFR protein expression of NSCLC in primary and bone 

metastatic cases (n=11). Data are EGFR intensity scores, expressed as mean+S.E and 

derived from Table 2. EGFR-EC= extracellular domain, EGFR-CY= cytoplasmic 

domain. 

 

In 45.5% of the cases the EGFR expression was maintained, only in 18.2% of cases 

down-regulation of protein expression could be detected by morphemotric analysis, 

whereas in 36.4% of the cases up-regulation of EGFR was observed.  
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Table 6: EGFR protein expression in bone metastases of NSCLC 

 EGFR- EC EGFR- Cy EGFR 

 primary metastasis primary metastasis Status in metastasis 

1 10.0 17.0 19.25 23.88 maintained 

2 19.76 17.0 23.88 18.0 maintained 

3 17.0 10.0 24.88 6.25 downregulated 

4 6.88 14.0 12.5 18.0 upregulated 

5 13.0 4.32 16.88 9.0 downregulated 

6 7.25 12.75 8.8 13.75 upregulated 

7 5.88 13.0 12.0 18.8 upregulated 

8 7.0 5.0 8.0 17.5 maintained 

9 8.0 11.25 24.88 14.88 maintained 

10 6.0 9.25 14.0 18.5 upregulated 

11 4.88 8.63 11.5 7.25 maintained 

    EGFR  

maintained 

5/11 (45.5%) 

    EGFR 

upregulated 

4/11 (36.4%) 

    EGFR 

downregulated

2/11 (18.2%) 

 

Data are expressed as mean of IHC score. Maintained= no change in IHC score in 

metastasis, downregulated= decrease of IHC score >50, upregulated= increase in IHC 

score >50% 
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3.1-b  K-RAS mutation in bone metastasis of NSSCLC 

 
RFLP-PCR analysis of the paraffin embedded tumor tissues for K-RAS codon-12 

mutation demonstrated that 5 out of 11 NSCLC cases (45.5%) were mutant (Table 7). 

However, primary and metastatic tumors showed a great variability in respect of K-RAS 

mutation status which was rarely maintained (1/5 cases), but was rather altered. (4/5). It 

is of importance that the frequency of loss of K-RAS mutation or acquisition of this 

genotype in bone metastases occurred with equal frequency (40%, respectively, Table 7). 

 

Table 7: K-RAS mutation status of NSCLC 

 K-Ras status  N(%)  

Case No. primary metastasis NSCLC case 

1 wt M mutant 

2 wt wt wt 

3 wt wt wt 

4 wt wt wt 

5 wt M mutant 

6 M M mutant 

7 wt wt wt 

8 wt wt wt 

9 M wt mutant 

10 wt wt wt 

11 M wt mutant 

K-Ras mutation 3/11 (27.3%) 3/11 (27.3) 5/11 (45.5%) 

Wt= wild-type, M= mutated at codon 12  

 

When the EGFR protein expression changes were compared to the alteration of K-RAS 

mutation status of the metastatic lesion it was found that in case of tumors carrying  wt-

K-RAS EGFR expression was upregulated in metastases in 3 out of 6 cases (50%), while 

only 1 out of 6 was downregulated (Table 8.) In the mutant K-RAS cases on the other 
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hand, in 3 out of 5 cases the EGFR status was maintained in metastases (60%), while up- 

or downregulation were rare (Table 8).  

 

 

Table 8: Comparison of EGFR protein expression and K-RAS mutation changes in 

bone metastases of lung cancers 

 

Case N. KRAS change EGFR change 

2 Wt maintained maintained 

3 Wt maintained down 

4 Wt maintained up 

7 Wt maintained up 

8 Wt maintained maintained 

10 Wt maintained up 

   

1 Mutated in metastasis maintained 

5 Mutated in metastasis down 

6 Mutated in primary and 

metastasis 

up 

9 Mutated in primary maintained 

11 Mutated in primary maintained 
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3.2-Phenotype of RCC in bone metastasis 

3.2.a .EGFR phenotype of RCC 

 
Forty paraffin-embedded surgical samples of clear cell RCC were used throughout this 

study where material was available from both primary and bone metastatic lesions (Table 

9). The male to female ratio was 15:5 and the age distribution was 48-78 years. All the 

cases were diagnosed as clear cell renal cell cancer (CC-RCC) with 3 and 4 cases 

containing sarcomatoid and chromophobic regions, respectively. Fuhrman grading was 

used to stratify the cases. In majority of the cases primary tumors were diagnosed first, 

but still there were two cases in which the primary tumors came to attention when the 

patients seek medical care for the pathological fracture in their weigh baring bones. 

Majority of tumors were invading the long bones such as humerus and femurs. Both 

solitary and multiplex foci could be detected in affected bones. Invasion of soft tissue and 

elsewhere metastasis, mostly to contra-lateral kidney, liver and lungs were found in 

couple of patients. The bone metastases have been operated for either palliative purposes 

or curative intentions such as replacement of the affected segments with total 

endoprothesis. 

 

Patients in our cohort studies received different treatments during the course of their 

disease. Four cases were treated with bisphosphonate, four patients received hormonal 

therapy, and one patient was put on interferon-α. Some patients received just the surgical 

therapy and there were no data on chemotherapeutic protocols. The survival of the 

patients varied greatly ranging from 6-240 months.  
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Table 9. Clinical data of the renal cell cancer patients 
 

No. Sex Age 

(years) 

Histology Grade Localization 

of bone 

met. 

Therapy Survival 

(months)

1 M 78 CC 3 F  7 

2 M 68 S-CC 4 F  33 

3 F 72 S-CC 4 F  21 

4 M 61 CH-CC 2 Hu H 30 

5 M 69 S-CC 4 Hu  14 

6 F 64 CC 3 Hu  25 

7 F 70 CH-CC 3 F  18 

8 M 71 CC 1 T  42a 

9 F 78 CC 2 F H,B 11 

10 M 69 CC 2 I  14 

11 M 67 CH-CC 2 F  180 

12 M 54 CC 1 F  48a 

13 M 48 CC 2 SC  12a 

14 M 68 CC 2 Hu H 65 

15 M 59 CC 2 I  6 

16 M 64 CC 1 Hu  39a 

17 M 64 CC 1 R  18 

18 F 61 CH-CC 2 Hu B 72a 

19 M 57 CC 2 Hu IFN, B 84 

20 M 52 CC 2 F H,B 240 

a= alive, B= bisphosphonate, CC= clear cell, CH-chromophobe, F=female, F=femure, H= 

hormone, Hu= humerus, I= os ilei, IFN= interferon alpha, M= male, S= sarcomatoid, 

SC= sculp, T= tibia 
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We have demonstrated EGFR protein expression in 20 cases of clear cell RCC using two 

antibodies specific for the extracellular and the cytoplasmic domain of EGFR (Fig.7a, b). 

In the majority of cases, EGFR protein could be detected at various levels in primary 

RCC, similarly to previous reports. None of the primary RCC cases were negative for 

EGFR protein, even though the scores differed significantly (maximum of 5-fold). 

Analysis of the EGFR protein expression in the corresponding bone metastases of the 20 

cases demonstrated that RCC maintained a certain level of EGFR expression. Statistical 

analysis indicated that the EGFR scores for both anti-EGFR antibodies decreased about 

30% in bone metastases of RCC (p=0.006, EGFR-EC and p=0.048, EGFR-CY, 

respectively, Fig.8).  

 

 

       
A      B 

Fig.7: Expression of EGFR protein in RCC detected by immunohistochemistry. 

A. Detection of the extracellular domain of EGFR. Note the strong membrane reaction on 

the majority of the cancer cells (EGFR PharmDxTM kit). B. Detection of the cytoplasmic 

domain of EGFR. Note the intense membrane labeling on cancer cells and a diffuse 

cytoplasmic label as well. Bar:    100 μ  
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Fig.8. Comparison of EGFR protein expression of RCC in primary and metastatic cases 

(n=20). EGFR-EC= extracellular domain, EGFR-CY= cytoplasmic domain. *p=0.006, 

**p=0.048 

 

 

We have analyzed the cause for this alteration; therefore we have compared samples from 

primary and metastatic sites individually (Table 10). In the majority of the cases (50%)  

inconsistent (unconfirmed) alterations were found in EGFR expression in metastases 

including both up- or downregulation detected by one of the antibodies. On the other 

hand, in 35% of the cases a reduced expression of EGFR protein was found by both 

antibodies and in 15% of cases the reduction was greater than 50% (Table 10), while 

confirmed upregulation occured only occasionally (1/20).  
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3.2-b Detection of VEGF expression in RCC metastasis 

 
Next we have tested VEGFR2 protein expression in primary and metastic RCC using 

IHC. Only a small fraction of primary RCC contained positive tumor cells (Fig. 9)  

 

      
A      B 

Fig.9: Expression of VEGFR2/KDR protein in RCC detected by immunohistochemistry. 

Strong cytoplasmic reaction for KDR in cancer cells of a case with diffuse positivity. 

B. Cytoplasmic labeling for KDR in scattered isolated cancer cells of a case with low 

level of positivity. Bar: 100 μ 

 

 RCC expressed two VEGFR2 patterns: rarely the cytoplasm of tumor cells was diffusely 

positive for VEGFR2 (Fig.9a), while in the majority of the cases scattered tumor cells 

contained VEGFR2 in their cytoplasm (Fig.9b). In both cases the majority of tumor cells 

remained negative for VEGFR2. Analysis of the primary tumors indicated that 35% of 

the cases were positive for VEGFR2, and the overwhelming majority fell into the 

category of scattered reaction pattern (Table 11). VEGFR2 positivity is a rare feature in 

bone metastases of RCC (10%, Table 11): out of the seven VEGFR2+ cases six lost this 

phenotype in bone metastases. On the other hand, appearence of VEGFR2 positive 

phenotype in bone metastasis was exceptionally rare (1/20).  
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Table 10. IHC scores of EGFR protein in primary and bone metastatic RCC cases 

 EGFR- EC EGFR- CY  

Case No primary metastatic primary metastic Confirmed 

changes 

1 9.38 8.75 8.75 12.0 maintained 

2 33.0 25.0 14.5 23.0 inconsistent 

3 29.25 18.25 9.5 16.0 inconsistent 

4 7.5 8.5 10.0 7.5 inconsistent 

5 13.0 25.0 15.0 18.75 upregulated 

6 25.0 17.5 16.75 12.5 reduced 

7 25.0 25.0 18.32 16.5 maintained 

8 15.0 14.7 16.5 7.8 inconsistent 

9 44.0 7.75 31.0 13.75 reduced 

10 12.5 12.5 11.5 8.4 inconsistent 

11 11.83 15.6 12.5 12.0 inconsistent 

12 12.25 12.8 9.32 12.5 inconsistent 

13 45.0 17.0 26.25 36.0 inconsisten 

14 18.3 18.75 12.65 16.1 inconsistent 

15 14.0 11.0 11.38 8.36 reduced 

17 30.0 6.72 12.5 8.75 reduced 

18 48.0 12.5 45.0 12.5 reduced 

20 32.0 27.0 21.75 12.0 reduced 

21 28.0 12.5 40.0 14.5 reduced 

22 13.75 13.7 28.75 18.0 inconsistent 

      

maintained  8/20  2/20 2/20 

reduced  10/20  11/20 7/20 

upregulated  2/20  7/20 1/20 

Confirmed changes= EGFR-EC and EGFR-CY gave similar results. IHC= 

immunohistochemistry 
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Table 11: VEGFR2/KDR protein expression in clear cell RCC 

 

 Primary 

N (%) 

Bone metastasis 

N (%) 

   

negative 13/20 (65%) 18/20 (90%) 

   

positive 7/20 (35%) 2/20 (10%) 

diffuse cytoplasmic 1/20 0/20 

scattered focal 6/20 2/20 

   

 

 

3.3. Breast cell cancer 

3.3-a. HER-2/neu genotype of BRC in bone metastasis 

 
Bone metastases tumor samples of breast cancer were retrospectively collected 

from the pathology departments of following institutes (Departments of Orthopedics and 

Traumatology of Semmelweis University and National Institute of Traumatology). 

Samples were derived from open biopsies of bone metastases obtained during transfocal 

stabilization of impending or comleted pathological fractures, or resection of bone 

metastases. We excluded 9 cases because of overdecalcination or insufficient amount of 

tumor tissue in the section. In total we investigated 48 metastatic cases. We were able to 

obtain paraffin embedded samples of the primary breast cancers in 23 patients. The 

characteristics of the patients are shown in Table 1. We have assessed the histological 

grade of the metastases inn 44 of the 48 cases by the Bloom-Richardson method as 

previously described. (19) 
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Table 12: Her 2/neu status in the primary tumors and their 
corrsponding bone metastases of the 23 paired cases 
 

Case 
No. 

Histology Grade 
of the 

primary 
tumor 

Grade of 
the bone 

metastases

IHC* in 
the 

primary 
tumors 

IHC* in 
the bone 

metastases

FISH** 
in the 

primary 
tumors 

FISH** in 
the bone 

metastases

1 IDC 3 3 - + NT not-tested 
2 IDC 2 2 +++ - A non-

amplified 
3 IDC  2 2 - +++ A amplified 
4 IDC  3 2 - - NT not-tested 
5 IDC  1 2 - - NT not-tested 
6 IDC 3 2 - - NT not-tested 
7 IDC 3 3 - - NT not-tested 
8 IDC 2 1 - - NT not-tested 
9 IDC 3 3 +++ +++ A Amplified 

 
10 IDC 3 2 - ++ non-

amplified 
non-

amplified 
11 IDC 2 2 - - NT not-tested 
12 IDC 3 2 - - NT not-tested 
13 IDC 2 2 + - NT not-tested 
14 IDC 2 3 - - NT not-tested 
15 IDC 2 2 ++ - A non-

amplified 
16 ILC 2 2 - - NT not-tested 
17 IDC 3 3 - - NT not-tested 
18 IDC 3 *** - - NT not-tested 
19 IDC 3 3 + - NT not-tested 
20 IDC 3 3 + - NT not-tested 
21 IDC 2 2 - + NT not-tested 
22 IDC 3 3 - - NT not-tested 
23 IDC 2 2 - - NT not-tested 

 
* Her2/neu status detected by immunohistochemistry  
** Her2/neu status detected by florescence in situ hybridization 
*** not graded because of the litle amount of tumor 
IDC: invasive ductal carcinoma, A: amplified, NT: not tested, ILC: invasive lobular 

carcinoma 
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In the 48 metastatic lesions 9/48 (18.75%) of the cases showed her2/neu overexpression 

by IHC (3+: 5/48, 2+: 4/48). We found her2/neu gene amplification in 1 out of the 4 IHC 

2+ scored cases, and in 4 out of the 5 IHC 3+ scored cases. (Table 12,) In one of the IHC 

3+ scored cases we were not able to get any signals, when repeatedly analyzed by FISH. 

Taken together, five of the 48 bone metastatic breast cancer patients (10.5%) had 

her2/neu gene amplification. 

23 paired cases of primary and metastatic tissue samples were available for analysis. 

Using IHC and FISH we found that 4 out of the 23 primary tumors (17.3%) had 

amplified Her2/neu gene (Table 12.) In bone metastases of the 23 primary tumors we 

found 2 cases only where the HER2/neu status was maintained (9.5%) while in two other 

cases the initial amplified status was changed to a Her2/neu negative one (9.5%).   

 

 

Table 13: Comparison of HER-2/neu status of BRC in bone metastases compared to 
the primary tumor. 

 
 primary tumor  bone metastasis  
Case  IHC FISH Status IHC FISH Status 
1 3+ A + 3+ A + 
2 3+ A + 0 N - 
3 0 A + 3+ A + 
4 2+ A + 0 N - 
5-23 0/1+ n.t. - 0/1+ n.t. - 
A= amplified, IHC= immunohistochemistry, FISH= fluorescence in situ hybridization, 
N= non-amplified, n.t.= not tested 
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4. Discussion 
There are three major models of the tumor progression/metastatization: clonal 

evolusion/selection (104), parallel development (105) and the same-gene models (106) 

providing sharply different explanations for tumor progression. The two extremes are 

parallel development and the same gene models, where the previous predicts very early 

generation of disseminated cancer cells to distant organs with highly diverse genetic 

profiles of the primary and metastasis whereas the later suggesting metastasis as a 

relatively late event of tumor progression, therefore genetic diversity of the metastases 

suggested to be minimal (105,106). The clinical validity of these models can only be 

determined by direct comparison of metastatic and primary tumor tissues of various 

cancer types. Concerning the progression of lung cancer it seems that all the three 

metastasis models are applied by the nature, supported by LOH (107), CGH (108) and 

SNP analyses (109) of metastatic and primary lung tumor tissues.   

Bronchial carcinomas are without doubt the number one cause of cancer related deaths in 

industrialized countries. The pick incidence of lung cancer occurs between ages 40 and 

70 years; currently the male to female ratio is 2 to 1. Male cigarette smokers are about 10 

times more likely to die of bronchogenic carcinoma than are nonsmokers (48).  

Like all cancers, lung cancers result from genetic changes that affect oncogene and tumor 

suppressor genes. SCLCs are characterized by changes in several oncogens, including 

amplification of myc family. L-myc amplification is associated with particularly 

aggressive behavior (17). Overexpression or increased function of EGFR, cyclin-D1, and 

BCL2 genes are frequently detected in lung cancers. Mutational inactivation of P53, p16, 

FHIT, RASSFIA, SEMA3B, and Rb are also common in SCLC. In addition all SCLCs 

have a deletion of the short arm of chromosome 3 (3p14-25), where at least three tumor 

suppressor genes are suspected to reside (49).  

Non small cell lung cancers (NSCLC) are characterized by EGFR protein over 

expressions partly due to gene amplification and in a subset of adenocarcinomas by 

tyrosine kinase domain mutations (49, 50 ). On the other hand, smoking induces K-RAS 

mutation  which occurs in 20-30% of NSCLC being more frequent in adenocarcinomas 

than in squamous cell cancers (51). It is worth to note that the K-RAS and the EGFR-TK 
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mutations are mutually exclusive (50, 52). EGFR overexpression in NSCLC has no 

prognostic importance whereas, EGFR amplification and especially TK mutations predict 

favourable response to EGFR targeted therapies. (53) On the other hand, K-RAS 

mutation was reported to be a negative prognostic and predictive factor, although other 

studies challenged this view (51) It is important to note that almost all of the 

aforementioned studies on EGFR and K-RAS were performed on primary tumors and 

much less information is available concerning the metastatic tissue.  

Tumor induced angiogenesis is and independent prognosticator for disease progression in 

lung cancers. Over-expression of VEGF, bFFGR, and FGRFR1 add correlate with 

unfavorable outcome (17, 50). 

Lung cancer was long thought to be relatively resistant to chemotherapy; therefore it was 

treated mainly by surgery and radiotherapy. However, this trend changed in the past 

decade with the development of clinically effective chemotherapeutic protocols and 

introduction of molecular targeted therapy (95,101). While the pharmacogenomics of 

chemosensitivity of lung cancer is still unable to provide highly efficient predictive 

markers, identification of certain genes might change this trend (12). On the other hand, 

in recent years EGFR emerged as a useful target in lung cancer (95, 96) and EGFR-

targeting agents (mostly small molecular TK inhibitors) presented unprecedented success 

treating NSCLC and adenocarcinomas in particular where the role of predictive 

pathology is ill-defined yet (103).  

Bone is among the most frequent sites for metastasis of lung cancers but studies on bone 

metastatic disease or on the metastatic tissues is surprisingly rare in the literature. That is 

why we have collected a small cohort of bone metastatic NSCLC cases where both the 

primary and the metastatic tissues were available for analysis. Since EGFR targeted 

therapy of NSCLC is applied at advanced organ metastatic stage of the disease we were 

interesting whether the EGFR expression profile of the primary tumor is maintained in 

bone metastases. IHC determination of EGFR protein expression is frequently criticized 

in the literature due to its highly inconsistent results. We have used several commercial 

anti-EGFR antibodies for immunodetection of EGFR in bone metastases of NSCLC. 

Since this tissue has to be decalcified before processing the sensitivity of the EGFR 

protein detection was in question. We have fine-tuned the EGFR PharmDX protocol 
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(100) to detect the extracellular domain of the protein but we also used a control antibody 

which detects the C-terminal portion of the receptor. Both in primary and bone metastatic 

tissues the two antibodies provided highly comparable results on EGFR protein 

expressions. More interestingly, we found that the expression level of EGFR protein is 

highly similar in bone metastases compared to the primary tumors. This conclusion is 

further supported by individual comparison of corresponding primary and metastatic 

tissues where down-regulation was a rare event (<20%) and even up-regulation was 

observed in a significant proportion of cases (>30%). These observations suggest that 

EGFR expression status may not change during metastatic progression of NSCLC, 

therefore the profile determined in the primary tumor is predictive for the metastatic 

tissue as well. Our data are supported recently by studies on brain metastases of lung 

cancer where the mutational status of EGFR was also found to be preserved (110).  

K-RAS is the hallmark of a relatively early genetic aberration during smoke-induced lung 

carcinogenesis (107) On the other hand, constitutively active (mutated) K-RAS in 

NSCLC may define a more aggressive and/or drug-resistant genotype (107) It is also 

established that EGFR mutations do not occur together with K-RAS mutation (106, 108) 

However there were no data on the possible changes in this status during the progression 

of lung cancer. Here we have shown data that the K-RAS mutational status of the primary 

tumor does not predict the status of the metastatic tissue of NSCLC, since we have 

observed both emergence of mutant clones in metastatic samples from wt-primary and 

loss of mutant clones in metastases in addition to the maintained mutant status.  Our data 

support that at least two progression models occur in NSCLC, the same-gene as well as 

the clonal selection. It is noteworthy that loss or emergence of K-RAS mutant clones in 

NSCLC metastasis did not affect the EGFR protein expression pattern, which could be 

important for fine tuning the molecular targeted therapies.  

Lung cancers are characterized by high metastatic potential; therefore identification of 

metastatic potential specific markers would be highly desirable to clinical oncologists. 

 

Renal cell carcinomas are adenocarcinomas arising from tubular epithelial cells, and 

represent 2% of all cancers in adults. These cancers are usually large by the time they are 

discovered measuring 3 to 15 cm in diameter. They may arise anywhere in the kidney 
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(63). Depending on the amount of lipid and glycogen present, the tumor cells may appear 

almost totally vacuolated (lipid-laden, clear cell) or may be solid. Renal cell carcinoma 

can be classified into several subtypes according to histology. Clear cell carcinoma is the 

most common form, and accounts for majority of cases of renal tumors. Other 

histological types are papillary, chromophobe and collecting duct carcinomas showing 

gradual reduction in prevalence from papillary toward collecting duct cancers (63, 70). 

 Our knowledge about the molecular genetics of RCC has grown significantly in the past 

decade, and as a result, we have now a much more appropriate picture on the 

carcinogenesis of RCC. Sporadic clear cell RCC is characterized by inactivating mutation 

or methylation of VHL, defining this suppressor gene as primary regulator of the 

carcinogenesis of RCC (63,64) The consequence of the loss of VHL function in clear cell 

RCC is the overexpression and activation of HIF1α, a master regulator of the hypoxia-

responses of cells. Overexpression of HIF1α in RCC results in the up-regulation of 

several growth factors including VEGF, responsible for the up-regulated angiogenic 

phenotype of RCC, and overexpression of various receptors including VEGFR2 (63,64). 

On the other hand, clear cell RCC is characterized by frequent up-regulation of EGFR 

protein as well, which is not due to mutation or amplification of the gene (65, 66, 67). 

However, the prognostic significance of the overexpression of EGFR in RCC is 

controversial (68, 69, 70). 

.  Prognostic biomarkers of RCC 

Classical negative prognostic factors of RCC are aneuploidy and high S-phase fraction 

(12, 73). P53 positive cases are evaluated as poor prognostic ones. Among the adhesion 

molecules, cadherin-6 and MUCI/EMA are also the markers of poor prognosis (49). On 

the contrary to prostate cancers where expression of androgen receptors was usually 

demonstrating a favorable course of disease, up-regulation of androgen receptors in RCC 

is a predictive factor for a poor outcome (17). Certain cytokines such as interleukin-6 are 

elevated in patients with RCC; they usually indicate the advanced stage of the disease. 

Renal cancers are one of the most vascularized types of cancers in human. VEGFR are 

constitutively present in serum of RCC patients, but its level does not have prognostic 

significance (70, 73). VEGFR can also be detected in RCC cells, and the intensity of 

staining usually correlates with grade and stage of tumor (49). 
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Inactivation of VHL and overexpression of HIF-1, induces production growth factors, 

IGF, which in turn they increase the metabolism of the cell, ending  up to overexpression 

of glucose transporters, glycolytic enzymes, which are categorized as poor prognostic 

factors (49). 

Sporadic clear cell RCC is characterized by genetic aberration of the VHL gene, 

including inactivating mutations as well as inactivation caused by hypermethylation (62, 

63). As a consequence, the HIF pathway becomes constitutively activated in this tumor 

with the consequences of upregulation of the HIF-regulated genes such as VEGF, PDGF, 

bFGF, EPO, TGF-α, GLUT1 and CA-IX. This results in a consitutive angiogenic 

phenotype of this cancer. That is why clear cell RCC is one of the most vascularized 

human cancers (76), providing well-characterized molecular targets for novel anti-

angiogenic therapies (62, 63). VEGF level is increased in clear cell RCC patients and the 

cytokine activates endothelial cells through VEGFRs (mostly KDR) (63). However, it 

was also reported that in clear cell RCC not only angiogenic cytokines, but their receptors 

are also upregulated including VEGFR1 and VEGFR2/KDR, suggesting that an autocrine 

activation loop may also exist (83, 86).  

It is known for decades that clear cell RCC is characterized by overexpression of EGFR 

which is not due to amplification and/or activating mutation of the gene (64). 

Upregulated EGFR could also result in overexpression of several genes involved in the 

angiogenic phenotype, including VEGF (87). Therefore, it seems that the angiogenic 

phenotype of clear cell RCC is regulated by both the inactivated VHL and the 

upregulated EGFR-driven signaling pathways. Accordingly, both pathways provide 

attractive molecular targets for therapy (71, 75).  

The expression of apoptotic inhibitor XIAP is decreased with increasing grade of RCC, 

reflecting a poor prognosis (77). Adhesion molecules cadherin-6 has also been proved to 

be the marker of poor prognosis. RCC do not express estrogen or progesterone receptors, 

but in small proportion of cases androgen receptors could be detected, which usually 

correlate with poor prognosis (49, 78) 

On the other hand BCL2 expression associated with low Ki-67 labeling index and rare 

p53expression, are favorable factors for prognosis. 
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Numerous investigations reported the prognostic significance of CD44 and v6 isoform 

overexpression, in clear cell type of RCC. On the other hand up-regulation of 

osteopontins expression is associated with increased metastatic potential and 

consequently poor prognosis of the disease. 

Almost half of the patients with RCC experience distant metastasis during the course of 

their disease. Metastatic RCC is a disease historically resistant to chemotherapy. A 

limited subset of patients will experience clinically meaningful benefit from interleukin-2 

and /or interferonα therapy, but there was no effective therapy for patients who did not 

respond or relapsed after cytokine based treatment. However, this trend was rapidly 

shifted recently with the advent of molecular targeted therapy of RCC (63, 71). Both anti-

VEGF antibody therapy (72), as well as multi-targeting the signaling pathways in 

metastatic RCC by VEGFR2 (73) or RAF-inhibitors (74) resulted in significant inhibition 

of disease progression, identifying these treatments as novel standard of care. However, 

the molecular marker(s) of drug sensitivity of RCC is not yet defined. On the other hand, 

trials also indicated that EGFR in RCC could also be potential target for molecular 

therapy, since several EGFR inhibitors shown clinical activity in metastatic RCC (75, 

76). Meanwhile there are limited data available on the pheno-genotype of metastatic 

(bone) RCC although these new therapies are introduced in advanced stage. It would be 

worth to compare the EGFR and VEGFR expression profile on primary and metastatic 

tumors of renal origin, to be able to predict the tumor response to chemotherapy. 

Unfortunately, biomarkers are mostly lacking to define the effectiveness of these novel 

therapies in RCC. One of the problem is that the vast majority of the studies have been 

performed on the primary tumors while these novel therapies are administered in 

disseminated disease. That is why our study seems to be unique in the literature 

concerning both the EGFR phenotype as well as KDR protein expression in progressing 

RCC. Our data indicated that although KDR protein expression is relatively frequent in 

primary clear cell RCC (35%, as determined on paraffin-embedded sections), this 

phenotype is almost completely lost in bone metastases. By molecular analysis, KDR and 

other VEGF receptor expressions were found to be elevated in primary RCC [83,84],  and 

activated KDR (autophosphorylated  forms) was detected on cancer cells as well (88) . 

On the other hand, similarly to previous reports, primary RCC was found to be 
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constitutively expressing EGFR protein at a high level as detected by two antibodies 

targeting extracellular and intracellular domains, but this phenotype changed in bone 

metastases: the average level of protein expression decreased significantly and the 

decrease characterized 35% of the cases [7/20] where in a subpopulation of patients 

(15%) this decrease was substantial, exceeding 50%. On the other hand, upregulation of 

EGFR protein expression was a rare event (1/20). In a previous analysis we also 

compared the microvascular density of bone metastatic RCC to the primary tumor and 

discovered that in a significant proportion of the cases (45%) a lower density can be 

detected, (76) suggesting the development of a less angiogenic phenotype in bone 

metastases. In our genetic analysis of bone metastases of RCC as compared to the 

primary tumors we were able to show that the genetic aberrations are more numerous in 

metastases (89), and clonal connection to the primary tumor can only be proven in half of 

the cases (89), while the development of metastases from a minor subpopulation in the 

primary RCC is also frequent (89, 90).  

Our study supports previous reports that in a significant proportion of RCC cases the 

geno/phenotype of the progressing tumor may change which can affect the strategy of the 

selection of the standard-, and especially the novel targeted therapies. Therefore we 

suggest to reanalyze the therapeutic targets in clear cell RCC in metastatic tissues if they 

are available.  

 

No cancer is more feared by women than carcinoma of the breast and for good reason. 

In United States 185,000 new breast cancers are discovered yearly causing 45000 

deaths scoring the second leading cancer death in US. For unknown reasons (possibly 

related in some part to better case finding), there has been an increased in the incidence 

of breast cancer throughout the world. 

Although the metastatic potential of tumors does not necessarily depend on their 

proliferation potential, but in certain tumors such as breast cancers, the proliferation rate 

of the tumor is frequently associated with poor prognosis. Therefore, markers of 

proliferation potential have been studied extensively in breast cancer. 

NM23 was the first metastatic suppressor gene to be described. Decreased expression of 

NM23 gene and low levels of NM23H1 protein, in breast cancers is associated with poor 
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survival. The metastasis suppressor, E-cadherin, is usually down-regulated in invasive 

breast cancer and it’s proved to be an independent negative prognostic factor for node 

status (17). 

CD44 and its variants are differentially expressed in breast cancers, it was demonstrated 

that expression of v6 variant correlates to favorable prognosis in node negative patients, 

while the expression of CD44v3-4 indicates the potential for local lymphatic spread (17, 

45). 

Down regulation of β1 integrins (laminin collagen receptors) is detected mainly in 

invasive breast cancers. On the other hand, highly invasive breast cancers were shown to 

express αvβ3 integrins, these proteins show high affinity to osteopontins and 

osteonectins, (found extensively in the bones), suggesting that these adhesion molecules 

may mediate the specific recognition of the bone by circulating metastatic cells. 

Up regulation of MMP genes, namely MMP-2 overexpression, is and strong independent 

prognostic marker for unfavorable outcome and metastasis (46). 

Spread occurs through lymphatic and hematogenous channels. Nodal metastases are 

present in about two thirds of cases at the time of diagnosis, axillary’s nodes, lymph 

nodes along the internal mammary arteries, and the supraclavicular are usually the 

primary site of spread. More distant dissemination eventually ensues, with metastatic 

involvement of eventually any organ or tissue in the body. Favored locations are the 

lungs, skeleton (namely bones), liver and adrenals (14).  

Tumor cells in breast cancer produce factors that directly or indirectly induce the 

formation of osteoclasts. In turn, bone resorption by osteoclasts releases growth factors 

from the bone matrix that stimulate tumor growth and bone destruction (41). This 

reciprocal interaction between breast cancer cells and the bone microenvironment results 

in a vicious cycle that increases both bone destruction and the tumor burden. 

Bone is an abundant source of inactive growth factors, which are activated during the 

bone resorption process, (26) which can then stimulate the growth of breast cancer cells. 

Parathyroid hormone related peptide is probably the factor produced by breast cancer 

cells and most solid tumors that stimulate the formation of osteoclasts. Both parathyroid 

hormone related peptide and parathyroid hormone bind the same receptor (PTHR1) and 

induce the expression of rankle on marrow stromal cells. Parathyroid hormone in the 
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main regulator of calcium homeostasis, at the same time parathyroid hormone related 

peptides hove similar biological effects on the bones. (42).  

The production of parathyroid hormone related peptide is increased in metastasis of 

breast cancer to bone. This peptide induces the formation of osteoclasts and bone 

resorption, which in turn releases transforming growth factor β. Transforming growth 

factor β further increases production of peptide by breast cancer cells (43). In the vicious 

cycle of breast cancer metastasis, bone destruction increases local calcium levels, which 

promotes tumor growth and production of parathyroid hormone related peptide. Breast 

cancer cells also produce, or induce, interleukin-6, prostaglandin E2, macrophage colony 

stimulating factor, interleukin-1 and tumor necrosis factor α , (44) which may also play 

an important role in the induction of osteoclast formation by breast cancer metastasis. 

Prostaglandin E2 can increase the expression of RANKL and directly enhances the effect 

of RANKL on the formation of osteoclasts (12, 43). 

Osteopontin is also widely expressed in breast cancer and has been assessed as a 

potential prognostic factor in metastatic breast cancer. Osteopontin is a secreted 

phosphoprotein that is synthesized in a variety of tissues, high level of OPN is detected in 

the bones, where it is produced by both osteoclasts and osteoblasts (33). 

Osteoclastogenesis is reduced in the absence of OPN, and the osteoclasts which are 

produced are less motile and have impaired ability to reabsorbe bone. OPN is widely 

expressed in variety of human tumors and has been assessed as potential prognostic 

factor in metastatic breast cancer. 

The Her2/neu oncoprotein is a transmembrane receptor, belonging to the epidermal 

growth factor receptor (EGFR) family, with tyrosine kinase activity. Her2/neu has been 

shown to be over-expressed, most commonly by gene amplification, in a number of 

human malignancies, including breast (BRC). (1) Overexpression of the Her2/neu 

oncoprotein in breast cancers is associated with shortened survival, enhanced 

aggressiveness, resistance to  hormone- and chemotherapy (2-4)) and eventually 

decreased sensitivity of targeted cells to therapy (5). The extracellular domain of 

her2/neu is the target of trastuzumab (Herceptin® ), the humanized anti-her2/neu 

monoclonal antibody. (6) It has also been proven that the anticancer efficacy of 

trastuzumab is highly dependent on the Her2/neu amplification of breast cancer. (7)  
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A careful selection of patients is crucial for raising the clinical benefit of trastuzumab, 

and avoiding unnecessary exposure of patients who most likely will not benefit from it. 

(6) Immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH) are 

standard methods to determine her2/neu protein expression or gene amplification, 

respectively. Clinical data indicate that patients with IHC 3+ and/or FISH-positive BRC 

gain the greatest clinical benefit from Herceptin® treatment. (8) 

It is still a matter of debate whether Her2/neu status should be evaluated by early testing, 

i.e. systematically performed examinations on the primary tumor at the time of diagnosis 

of early breast cancer, or by pretreatment testing, i.e. performed on either the primary 

tumor or on a metastatic site at the time of tumor relapse. (9) To date, the Her2/neu status 

in the majority of the cases is evaluated in the primary tumor sample, since routine biopsy 

of metastatic sites is not a standard procedure (10) Never the less, the main targets of any 

systemic therapy in metastatic breast cancer are metastatic foci. (10) Primarily one 

expects to find great similarity between primary site and metastatic foci on protein 

expression. Whereas, experimental and some clinical data suggest that 1. The primary 

tumor is genetically heterogeneous, 2. The clones responsible for organ dissemination 

may not be even present in the primary tumor but may develop through sequential genetic 

alterations, or 3. They compose very small percentage of the primary. (11) Earlier studies 

exclusively used Herceptest to assess the maintenance of Her2 genotype in metastatic 

lesions and found it concordant in case of lymph node, liver and lung metastases (12-16). 

Recently some reports provided evidences that the Her2 genotype of BRC may change in 

metastasis: loss was reported in one case in liver metastases (17) and loss of Her2 

amplification was reported in 21 % but appearance of Her2 amplification was very 

frequent in visceral metastases (30%) (18).     

Despite apparent curative surgery in the treatment of breast carcinoma 25% of node 

negative patients still develop lymph node and distant metastatic disease. These groups of 

patients usually have occult micrometastatic disease at the time of surgery and they are 

under-staged. Up to 38% of patient with stage 1 and 2 breast cancers have demonstrated 

micrometastasis and reduced survival (14, 47).  

The formal TMN staging is based almost exclusively on the anatomical stage of the 

disease, which is assessed using a combination of tumor size or depth (T), lymph node 
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spread (L), and presence or absence of metastasis (M). Since its inception the TNM 

system has provided a standardized, anatomical basis for staging and several important 

functions (47). It provide basis for prediction of survival, choice of initial treatment, 

stratification of patients in clinical trials, accurate communication between healthcare 

providers, and uniform reporting of outcome 

The anatomically based TNM staging system remains useful for the system listed above, 

but new factors are both complicating the situation and providing new opportunities when 

it comes to predicting survival and/or selection of therapy. Development of biomarkers 

has opened a new chapter in cancer therapy. First, individual molecular markers and 

patterns of markers are successfully subdividing traditional tumor classes into subsets 

that behave differently from each other. Second, chemotherapeutic and biological agents 

are more effective and more widely used than when TNM staging was introduced, 

especially in the adjuvant staging. Third, many new targeted agents such as tamoxifen, 

are effective only if their receptive molecular markers are mutated or expressed in 

sufficient levels (12, 14, 47). 

Specifically in the case of bone metastasis, biomarkers could be used for detection of the 

origin of metastasis and subsequently choice of initial treatment. 

 

Several biomarkers could be used for early detection of metastasis from breast cancers 

(17, 47).  

1. CA15-3 is a glycoprotein found in serum of patients of breast cancer is used for 

monitoring  

2. CA27-29 is a glycoprotein found in serum of patients with breast cancer used for 

monitoring 

3. Cytokeratins, belonging to the membrane proteins could be detected by 

immunohistochemistry; they are used as prognostic factors 

4. Estrogen receptor and progesterone receptor, belonging to the membrane proteins, 

detected on primary tumors of breast cancers, used for the selection of hormonal therapy, 

5. HER2/NEU proteins detected in breast tumors, by immunohistochemistry, used for 

prognosis and selection of therapy 

6. HER2/NEU protein detected in serum, could be used for monitoring 
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7. c-erbB2 protein usually a predictor of a poor outcome 

8. VEGF protein overexpression, correlated with high rate of metastasis and consequently 

poor outcome,  

Bone is one of the most frequently involved sites in spreading of breast cancer metastasis 

too. (146) Her2/neu genotype was analyzed in a very small number of patients (<10), 

(140, 22, 143) only one study analyzed a larger population (132). These case reports 

documented a relatively frequent change in her2/neu genotype in distant metastases in up 

to 20% of the case. 

There are reports that the estrogen receptor (ER) status of BRC is different in bone 

metastases: usually the initial ER positive phenotype reverts to an ER negative one. 

(146). It is also reported that careful genetic analysis revealed a different cytogenetic 

profile on bone metastasis of BRC compared to the primary tumor. Furthermore, 

expression profiling also detected a unique gene signature in the bone metastases 

compared to other metastatic sites (145). These data together all suggest that the common 

dogma that BRC maintains the geno/phenotype in metastasis may not be valid anymore. 

Our recent data further support these notions, revealing that in a small proportion of cases 

(around 10%) the initial genotype may change detected by her2/neu genotype. This may 

not seem a significant proportion of BRC cases, but it must be considered that in our 

cohort studies 50% of the her2/neu amplified cases lost their genotype in bone metastasis. 

Unfortunately we were not able to perform a larger study on bone metastases because in 

approximately half of our cases, we were not able collect the primary samples for 

comparison. We suggest that in the subset of her2/neu-amplified BRC the conversion of 

the genotype may occur more frequently compared to the her2/neu-negative BRC which 

maintained its genotype in our studies. Since the therapy of the her2/neu amplified and 

non-amplified metastatic BRC is totally different, based on our data and on the literature, 

we suggest performing her2/neu testing both on primary tumor and samples obtained 

from BRC metastases, at least in case of her2/neu amplified primary tumors.  

 



 79

5. Conclusions 
5.1. Comparison of corresponding primary and metastatic NSCLC tissues indicated that 

downregulation of EGFR was a rare event (<20%) compared to upregulation (>30%) in 

bone metastases. On the other hand, our data indicated that the K-RAS mutation status of 

the primary tumor does not predict the status of the bone metastatic tissue of NSCLC. 

Our data support that at least two progression models occur in NSCLC, the same-gene as 

well as the clonal selection one. 

 

5.2. EGFR protein scores were reduced significantly in bone metastases of RCC due to 

the reduction of EGFR protein expression in about one third of the cases. VEGFR2 

protein positive phenotype of clear cell RCC was relatively frequent (7/20, 35%) which 

was also lost in bone metastases. These data suggest a phenotypic/genotypic change of 

clear cell RCC during the progression to bones.  

 

5.3. Our studies on BRC revealed that the HER-2 negative status was maintained during 

the progression to bones. However, the Her-2 positive BRCs frequently lost this genotype 

in bone metastases. These data suggest that in BRC both the same-gene- as well as the 

clonal selection models characterized the metastatic progression.  

 

5.4. Collectively, our studies on the metastatic progression of major human cancer types 

suggest that determination of the pheno/genotype of the individual cancer must be 

repeated if metastatic tissues are available since the expression of the common molecular 

targets of therapies may differ from the one found in the primary tumor.  
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