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CANCER 
Cancer is a genetic disease that could develop either from a predisposing 

mutation followed by acquired somatic mutations or from an accumulation 
of somatic mutations that develop into a cancer phenotype. Many different 
types of DNA alteration have been reported in cancer, with some of the 
recognized forms being as follows: 

• Subtle DNA or RNA alterations 
• DNA methylation 
• Changes in chromosome number (aneuploidy) 
• Loss of heterozygosity 
• Chromosome translocations in somatic cells rather than in germ cells 
• Gene amplification 
• Incorporation of exogenous sequences 
Oncogenes and tumor suppressor genes control cellular proliferation by 

cell death or cell birth, whereas caretaker genes control the rate of 
mutation. Cells with defective caretaker genes might acquire mutations in 
all genes, including oncogenes and tumor suppressor genes. 



CARCINOGENESIS PHASES 

Initiation involves the alteration, change, or mutation of genes arising 
spontaneously or induced by exposure to a carcinogenic agent. Genetic 
alterations can result in dysregulation of biochemical signaling pathways 
associated with cellular proliferation, survival, and differentiation. 

The promotion stage is considered to be a relatively lengthy and 
reversible process in which actively proliferating preneoplastic cells 
accumulate.  

Progression is the phase between a premalignant lesion and the 
development of invasive cancer. It is the final stage of neoplastic 
transformation, where genetic and phenotypic changes and cell 
proliferation occur.  

Metastasis involves the spread of cancer cells from the primary site to 
other parts of the body through the bloodstream or the lymph system. 



CYTOGENETICS OF HEMATOLOGIC 
NEOPLASMS 

Chromosomal translocation plays a major role in the development of hematologic 
malignancies. About 50% of hematopoietic neoplasms somatically acquire 
chromosomal translocations, which activate proto-oncogenes in most cases. This could, 
in turn, disrupt the critical balance of cell proliferation, cell maturation, and cell death. 
Most chromosomal translocation-induced hematopoietic neoplasms are restricted to a 
single lineage and, depending on the acquisition of the mutation, are arrested at a 
particular developmental stage of maturation.  

Historically, hematological malignancies have been  classified according to 
morphological phenotype using what is known as the French–American–British (FAB) 
classification. Since 1995, the European Association for Haematopatholgy and the 
Society for Haematopathology, in collaboration with many subspecialties, have 
developed the World Health Organization (WHO) classification. 

The new WHO classification of hematologic malignancies stratifies neoplasms 
primarily according to lineage (e.g., myeloid, lymphoid, histiocytic/dendritic cell, and 
mast cell). Within each category, neoplasms are further defined by a combination of 
morphology, immunophenotyping, genetic, and clinical information. The “cell of 
origin” in this classification is defined as the presenting cell phenotype, because in 
many cases, particularly in lymphoid disorders, the cell in which the initial 
transformation occurs is not known. The WHO classification defines tumors as deriving 
from myeloid and lymphoid tissues. 





CHRONIC MYELOPROLIFERATIVE DISEASES 
(MPDS): CHRONIC MYELOGENOUS 

LEUKEMIA (CML)  
This disorder is characterized by abnormal but effective 

hematopoiesis, resulting in the proliferation of mature cells, with high 
peripheral blood levels of one or more cell lines. Chronic myelogenous 
leukemia is defined as a qualitative disorder originating from two or 
more cell types with a multilineage phenotype. CML alone accounts for 
about 15–20% of all cases of leukemia.  

The disease can occur at any age, but the most common age of 
presentation is between the ages of 50 and 59 years. In most cases, it is a 
triphasic disorder, starting with the chronic phase that, if left untreated, 
can proceed to a CML-accelerated phase and CML with blast crisis. This 
disorder is mainly of hematopoietic tissue in origin, involving primarily 
the blood, bone marrow, spleen, and liver, but during blast crisis, 
extramedullary tissues, including lymph nodes, skin, soft tissue, and 
sometimes the central nervous system, can be involved. The most 
common presenting features of CML are very mild to high white blood 
cell counts, fatigue, night sweats, and/or splenomegaly. 



CHRONIC MYELOGENOUS LEUKEMIA (CML) 
In the WHO classification, the diagnostic criterion for CML is the 

unequivocal presence of a “Philadelphia” (Ph) rearrangement 
[t(9;22)(q34;q11.2)], involving the Breakpoint Cluster Region and 
Ableson oncogenes (BCR and ABL1). Approximately 90–95% of CML 
patients present with a Philadelphia rearrangement at the time of initial 
diagnosis.  



CHRONIC MYELOGENOUS LEUKEMIA (CML) 
Common “major route” cytogenetic changes in CML are trisomy 8, 

isochromosome 17q, an additional derivative chromosome 22 
(“Philadelphia chromosome”), and trisomy 19. Less common “minor 
route” changes include trisomy 21, loss of the Y chromosome in men, 
monosomy 7, monosomy or trisomy 17, and a (3;21) translocation. 
Patients often present with unique or “patient-specific” secondary 
changes. These all have some role to play in transformation to blast 
crisis and in prognosis. 
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CYTOGENETICS OF SOLID TUMORS 
Aspects of the cytogenetic approach present unique challenges in 

solid tumors: 
1) solid tumors are generally karyotyped using specimens obtained by 

open biopsy. Therefore, solid-tumor cytogenetic analyses are typically 
performed at the time of initial diagnosis or when the tumor is rebiopsied 
at the time of clinical progression, but they are not performed routinely 
to monitor treatment response in a given patient. I 

2) Solid-tumor karyotypes are often extremely complex, particularly 
those in highly malignant solid tumors. A single metaphase cell might 
contain dozens of clonal and nonclonal chromosomal aberrations, and in 
such tumors, it is impractical to characterize the exact mechanisms of 
rearrangement responsible for each chromosomal aberration, particularly 
in the course of a routine clinical analysis.  

3) The solid-tumor sample generally must be disaggregated by 
mechanical and enzymatic methods before the cells are placed in tissue 
culture. 









SOLID-TUMOR CYTOGENETICS 
The factors determine the success of solid-tumor cytogenetics: 
1. Unpredictable growth of the neoplastic cells in tissue culture.  
2. Overgrowth of neoplastic cells by “reactive” non-neoplastic cells ( 

fibroblasts, normal epithelial cells, endothelial cells, or glial cells) - is 
the most common explanation for a normal diploid karyotype in solid-
tumor cytogenetics. 

3. Destruction of tumor cultures by bacterial or fungal infection.  
4. Failure of tumor cultures to grow because of nonviable tumor. 

Many solid tumors, particularly those that are highly malignant, are 
largely composed of nonviable regions, or regions with few neoplastic 
cells (extensively necrotic, hemorrhage or scarred tissue (fibrosis)). 
Therefore, it is crucial that the pathologist select a maximally viable 
tumor region for the solid-tumor cytogenetic analysis.  



CYTOGENETIC MECHANISMS IN SOLID 
TUMORS 

The cytogenetic aberrations in solid tumors vary from extremely 
simple, involving loss or rearrangement of a single chromosome, to 
highly complex. Complex abnormal karyotypes, which typically contain 
numerous clonal and nonclonal chromosomal aberrations, are most often 
found in highly malignant solid tumors. On the other hand, noncomplex 
karyotypes can be found in either benign or malignant tumors.  

The chromosome aberrations in solid tumors 
result in translocation, deletion, or amplification of 
target genes. Translocations are particularly frequent 
in sarcomas, where they usually create fusions of 
genes at the breakpoints of the participant 
chromosomes. Deletions are frequent in carcinomas, 
where they likely result in loss of tumor suppressor 
genes. Amplifications, which are manifest as 
intrachromosomal homogeneously staining regions 
or as extrachromosomal double minutes are seen 
occasionally in solid tumors of all types and can be 
of both prognostic and therapeutic relevance. 



MESENCYMAL TUMORS (SOFT TISSUE AND 
BONE TUMORS): Ewing’s Sarcoma 

 
 

Ewing’s sarcomas are highly aggressive bone and soft tissue tumors, 
in which the neoplastic cells are generally of the small round cell type. 
Most Ewing’s sarcomas contain chromosome translocations involving 
the Ewing’s sarcoma gene (EWS), which is located on the long arm of 
chromosome 22. These translocations involve a number of partner genes; 
the most common rearrangement is t(11;22)(q24;q12), which results in 
oncogenic fusion of the FLI1 gene on chromosome 11 with the EWS 
gene.  



MESENCYMAL TUMORS (SOFT TISSUE AND 
BONE TUMORS): Smooth Muscle Tumors 

Malignant smooth muscle tumors (i.e., leiomyosarcomas) generally 
have complex karyotypes, but the most consistent finding has been 
deletion of the short arm of chromosome 1. The cytogenetic complexity 
in leiomyosarcomas can be striking even in low-grade specimens.  

Benign smooth muscle tumors (leiomyomas), particularly those of 
uterine origin, contain various translocations and deletions, but generally 
in the context of a simple karyotype. Approximately 50% of benign 
leiomyomas lack evident cytogenetic aberrations. 

Deletions of the long arm of chromosome 7 
are found in 15–25% of uterine leiomyomas, 
whereas trisomy 12 and rearrangements of the 
short arm of chromosome 6 are each found in 
approximately 10–15% of cases. However, the 
most distinctive cytogenetic abnormality in 
leiomyoma is a translocation involving 
chromosomes 12 and 14 that is found in 
approximately 20% of uterine cases. 



EPITHELIAL TUMORS:  
Papillary Renal Carcinomas 

Approximately 10% of all renal carcinomas are 
papillary, and the cytogenetic profiles for papillary 
renal cell carcinomas are distinctive. It has been 
proposed that papillary renal neoplasms smaller than 
3 cm be classified as benign adenomas, whereas 
those larger than 3 cm should be classified as 
carcinomas.  

Renal adenomas and papillary carcinomas contain a similar core group 
of chromosome aberrations (–Y,+7, +17).  

The most frequent cytogenetic aberrations in papillary renal cell 
carcinomas include trisomies of chromosomes 7, 16, and 17, and loss of 
the Y chromosome; each of these aberrations is found in at least 50% of 
papillary renal cell carcinomas. Additional nonrandom chromosome 
aberrations, which are found in 10–50% of papillary renal cell carcinomas, 
include trisomies 3, 8, 12, and 20. In contrast, clear cell/granular 
carcinomas rarely have trisomies 16 or 17, but virtually always have a 
cytogenetic deletion of 3p14–21, which is found in fewer than 10% of 
papillary renal cell carcinomas. 



GERM CELL TUMORS 
Many germ cell tumors contain a characteristic cytogenetic marker, 

isochromosome 12p, which is often found in the context of a moderately 
complex karyotype, with clonal polysomies and rearrangements of 
various other chromosomes. The isochromosome 12p is uncommon, 
albeit not unprecedented in carcinomas and sarcomas. Therefore, 
demonstration of isochromosome 12p, particularly in any poorly 
differentiated cancer, should provoke strong suspicion of a germ cell 
origin, but should not be taken as de facto evidence of such origin.  



Thank you for attention! 


