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Cell cycle 
The body grows by increase in cell size and cell number, the latter 

(cell number ) by division, called mitosis. Cells proliferate in response to 

extracellular mitogens or ‘growth factors’, passing through a repeated 

sequence of events known as the cell cycle. This has four major phases: 

G1, then S, G2 and lastly the mitotic or M-phase. This is followed by 

division of the cytoplasm and plasma membrane to produce two identical 

daughter cells. G1, S and G2 together constitute interphase. The 

chromosomes are replicated during the DNA synthetic or S-phase. Most 

body cells are not actively dividing and are arrested at ‘G0’ within G1. 

Typically M-phase occupies between a half and 1 hour of a cycle time of 

about 20 hours. Normal (as distinct from cancer) human cells can 

undergo a total of about 80 mitoses. 
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G1-phase (Growth1 phase) During G1 the cytoplasm increases in 

volume. At the G1 checkpoint damage to the chromosomal DNA is 

repaired and the cell checks that its environment is favorable before 

committing itself to S-phase.  

Normal cells are stimulated to proliferate by extracellular growth 

factors secreted by other cells. These operate within the target cell 

through the signal transduction cascade. If not exposed to such signals 

during G1 the cell diverts from the cycle and enters the mitotically 

inactive ‘G0’ state. Some cells in G0 are merely quiescent and can rejoin 

the cycle for reparative growth or normal cell replacement. Others 

become terminally differentiated, irreversibly committed to a specialized 

function, as are most cells in the mature body. Such cells can still grow in 

size, for example neurons extend their axons during whole body growth.  

S-phase (Synthesis phase) The standard number of DNA double-

helices per cell, corresponding to the diploid number of single-strand 

chromosomes. From the end of S-phase, through G2 and into M-phase 

each visible chromosome contains two DNA molecules, known as sister 

chromatids, bound tightly together. In human cells therefore, from the 

end of S-phase to the middle of M there are 23 pairs of chromosomes.  

Mitosis involves sharing identical sets of chromosomes between the two 

daughter cells, so that each has 23 pairs and is 2C in terms of its DNA 

molecules. G1 and G0 are the only phases of the cell cycle throughout 

which 46 chromosomes correspond to 2C DNA molecules. Within S-

phase there are additional checkpoints at which DNA damage prevents 

new origins of replication becoming active. 
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Mitosis or M-phase Mitosis is traditionally considered in five or six 

phases.  

1 Prophase. The chromosomes, each consisting of two identical 

chromatids, begin to contract and become visible within the nucleus. The 

‘spindle apparatus’ of tubulin fibers begins to assemble around the 

centrosomes at opposite poles of the cell. The nucleoli disperse.  

2 Pro-metaphase. The nuclear membrane dissociates. Proteinaceous 

kinetochores develop around the centromeres of the chromosomes. 

Tubulin fibres enter the nucleus and assemble around the kinetochores 

and linking up with those radiating from the centrosomes. 

 3 Metaphase. Tension in the spindle fibres causes the chromosomes to 

align midway between the spindle poles, so creating the metaphase plate. 

4 Anaphase. The centromeric DNA shared by sister chromatids is 

duplicated, the chromatids separate and are drawn towards the spindle 

poles.  

5 Telophase. The separated sister chromatids reach the spindle poles and 

a nuclear membrane assembles around each group. The condensed 

chromatin becomes diffuse and nucleoli reform.  

6 Cytokinesis. The cell membrane contracts around the mid-region 

between the poles, creating a cleavage furrow which eventually separates 

the two daughter cells.  

Medical matter of cell cycle 

 For karyotype analysis, dividing cells are artificially arrested at 

metaphase by use of a spindle inhibitor such as colchicine. The drug taxol 

prevents spindle disassembly and is used in the treatment of cancer.  
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Biochemistry of the cell cycle 

 

The cell cycle is driven by alternating activation and deactivation of 

key enzymes known as cyclin-dependent protein kinases (Cdks), and their 

cofactors, the cyclins. 

This is performed by phosphorylation and dephosphorylation by 

other phosphokinases and phosphatases respectively, specific cyclin-Cdk 

complexes mediating specific phases of the cycle.  

At appropriate stages the same classes of proteins cause the 

chromosomes to condense, the nuclear envelope to break down and the 

microtubules of the cytoskeleton to reorganize to form the mitotic 

spindle. Cdk2 regulates entry into S-phase, that is through and after the 

G1 checkpoint, while Cdk1 regulates entry into mitosis, that is through 

and after the G2 checkpoint. Cdk concentrations are generally constant 

throughout the cycle, but become active only when bound by a cyclin 

protein. It is the cyclins that are synthesized and degraded at appropriate 

times and are the real regulators of the cycle. The complex Cdk2/E is 

responsible for assembly of the chromosome replication complex and for 

taking the cell through the G1 checkpoint (figure1). 
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The G1/S checkpoint  

Three critical proteins have central roles in controlling progression 

from G1 into S and are especially important in ensuring normality in cell 

division. These are the products of the normal alleles of the 

retinoblastoma gene RB1, TP53 and CDKN2A. Since mutation or loss of 

these normal alleles is a very common feature of tumourigenesis the 

normal proteins are commonly referred to as ‘tumour suppressors’. 

Somatic mutations in these three coding sequences are among the most 

common genetic changes in cancer cells. 

 

pRb/E2F Passage from G1 into S is blocked if there is unrepaired 

DNA damage and the Rb1 protein (pRb) and protein p53, jointly cause 

this arrest.  Irreparable DNA damage initiates cell destruction (apoptosis) 

p53, ‘the guardian of the genome’  

If DNA damage is detected in a dividing cell the protein p53 

suspends the cycle at the G1 block before that DNA can be replicated; it 

also activates DNA repair enzymes and if the damage is irreparable it 
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triggers cell destruction, or apoptosis. Its role as master quality checker 

and controller of replication of our DNA inspired its affectionate title ‘the 

guardian of the genome’. In normal cells p53 concentrations are generally 

low. This is ensured by free p53 being targeted by MDM2 protein which 

attaches ubiquitin to it, thus labelling it for rapid destruction by proteases. 

G2/M checkpoint  

A checkpoint on cell size, completion of DNA repair and DNA 

replication occurs during G2. Passage through this checkpoint and into M 

depends on activation of cyclin Cdk1/B by the phosphatase Cdc25C. 

Incomplete DNA replication and damaged DNA generate signals that 

activate inhibitors of Cdc25C, preventing Cdk1 from becoming active.  

M-phase checkpoint A significant additional checkpoint occurs 

also at the metaphase–anaphase transition, related to whether or not all 

chromosomes are attached to the tubulin spindle. Separation of 

chromatids at anaphase is triggered by an ubiquitin ligase called the 

anaphase-promoting complex, or ‘cyclosome’, with the responsibility of 

marking redundant cell cycle proteins for destruction. This includes 

cyclins A and B and the proteins that hold sister chromatids together. 

Kinetochores that are not attached to spindle microtubules secrete a 

cyclosome inhibitor and if this signal is defective, chromatids can start to 

separate prematurely, leading to chromosome imbalance in daughter 

cells. 
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Chromosomes 

The word ‘chromosome’ means ‘coloured body’, referring to the capacity of 

these structures to take up certain histological stains more effectively than other 

cell structures. Each chromosome is composed of an extremely long molecule of 

DNA complexed with proteins and RNA to form a substance known as chromatin. 

They disperse throughout the nucleus during interphase of the cell cycle (i.e. 

when the cell is not dividing), but become compacted during mitosis and meiosis.  

DNA is packaged as chromosomes probably because packaging facilitates 

segregation of complete sets of genes into daughter cells at mitosis and packing 

into sperm heads following meiosis. 

The genetic information, or genome, is carried in encoded form in the sequence 

of bases in the DNA. The vast majority of this information is in the nucleus, on 

chromosomes, but a small portion is in the form of naked loops of DNA within 

each mitochondrion in the cytoplasm. Nuclei are present in practically every cell of 

the body, the exceptions including red blood cells and the cells of the eye lens. 

 A typical human nucleus contains around 2m of DNA divided between 23 pairs 

of chromosomes, giving an average of around 4cm per chromosome. But prior to 

cell division this is reduced to less than 5μm (0.005mm) by intricate coiling and 

packing. 

 Chromatin structure 

In each chromosome the DNA strand is wound twice around globular 

aggregates of eight histone proteins to form nucleosomes, the whole appearing as 

a beaded string structure. The proteins composing the nucleosome core particle are 

two molecules each of histones H2A, H2B, H3 and H4. Histones are positively 
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charged and so can make ionic bonds with negatively charged phosphate groups 

in the DNA. Each nucleosome accommodates about 200 base pairs of DNA and 

effectively reduces the length of the DNA strand to one-tenth.  

The beaded string is then further coiled into a solenoid, or spiral coil, with 

five to six nucleosomes per turn, the structure being maintained by mediation of 

one molecule of histone H1 per nucleosome. Formation of the solenoid decreases 

the effective length of the DNA strand. The chromatin fibre is thought to be folded 

into a series of loops radiating from a central scaffold of non-histone 

chromosomal proteins (NHC proteins) that bind to specific base sequences 

scattered along the DNA strand. 
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Chromosome banding  

Some parts of the compacted chromosome stain densely with Giemsa stain 

to called G-bands. These contain tightly packed, small loops because the scaffold 

attachment regions there are close together. They replicate late in S-phase  and are 

relatively inactive in transcription.  

Bands that stain lightly with Giemsa stain, called R-bands, contain more 

loosely packed loops, are relatively rich in bases G and C and show most 

transcriptional activity. 

 

 

 

 

 

 

 

 

Euchromatin: region of chromosome have the following properties 

1. is compacted during cell division, but relaxes and an open conformation 

during interphase( protein synthesis phase). 

2.  contains the majority of the structural genes. 

3. active in transcription. 

4. staining R-bands and.  
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Heterochromatin: region of chromosome have the following properties 

1. is densely compacted at cell division and remains compacted at interphase. 

2. is relatively inactive in transcription. 

3. Have not any genetic information 

4. Found in centromere and telomers 

The centromere  

Each chromosome is composed of two identical structures called sister 

chromatids.  sister chromatids connected at a region consists of a non-duplicated 

stretch of DNA called the centromere. 

An organelle called the kinetochore becomes located on each side of each 

centromere in early prophase of mitosis and facilitates polymerization of tubulin 

dimers to form the microtubules of the mitotic spindle. 

The telomeres  

The term ‘telomere’ refers to the specialized end of a chromosome. Specific 

telomeric proteins bind to this structure to provide a cap. The telomeres have 

several probable functions:  

 

1. preventing the abnormal end-to-end fusion of chromosomes. 

2. ensuring complete replication of chromosome extremities. 

3.  assisting with chromosome pairing in meiosis  

4. helping to establish the internal structure of the nucleus during interphase 

by linking the chromosomes to the nuclear membrane. 
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Gametogenesis 

Each body cell contains two sets of chromosomes, one from the mother 

and one from the father. They are described as 2N or diploid. The sperm 

and ova contain only one set of chromosomes and are said to be 1N or 

haploid. The process by which the diploid number is reduced to haploid 

during the formation of the germ cells is called meiosis. this involves a 

reductional division followed by an equational division known as 

Meiosis I and Meiosis II. At fertilization, fusion of the haploid 

chromosome complement of the sperm with that of the ovum restores the 

chromosome number to diploid in the zygote. 

Meiosis I 

Meiosis I has similarities with mitosis, but is much more complex and 

extended in time. Primary spermatocytes and primary oocytes enter 

meiosis following G2 of mitosis, so they each have a diploid set of 

chromosomes (2N), but each of these contains replicated DNA as sister 

chromatids. Prophase I involves reciprocal exchange between maternal 

and paternal chromatids by the process of crossing-over. 

Meiosis II 

There is a transient interphase, during which no chromosome replication 

occurs, followed by a prophase, metaphase, anaphase, telophase and 

cytokinesis. These resemble the equivalent phases of mitosis in that pairs 

of chromatids (bivalents) linked at their centromeres become aligned at 

the metaphase plate and are then drawn into separate daughter cells 

following replication of the centromeric DNA. At the end of Meiosis II 

the cells contain 23 chromosomes (1N), each consisting of a single 

chromatid (1C). 
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The significance of meiosis 

1. The diploid chromosome content of somatic cells is reduced to haploid 

in the gametes. 

2. Paternal and maternal chromosomes become reasserted with a potential 

for 2
23

 different combinations, excluding recombination within 

chromosomes. 

3. Reassortment of paternal and maternal alleles within chromosomes 

creates an infinite potential for genetic variation between gametes. 

4. The randomness of reassortment of paternal and maternal alleles 

during meiosis (and at fertilization) ensures the applicability of 

probability theory to genetic ratios and the general validity of Mendel’s 

laws (see Chapter 3). 

5. The frequency of crossover between genes within chromosomes allows 

the relative positions of gene to be mapped (see Chapters 31 and 32). 

6. Errors sometimes occur at chromosome pairing and crossing-over, 

which can produce translocations, as well as at their separation or 

disjunction, which can lead to aneuploidy. 
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Chromosomal abnormalities 

Aneuploidy 

Aneuploidy is the second major category of chromosome mutations in which 

chromosome number is abnormal. An aneuploid is an individual organism whose 

chromosome number differs from the wild type by part of a chromosome set. 

Generally, the aneuploid chromosome set differs from wild type by only one or a small 

number of chromosomes. Aneuploids can have a chromosome number either greater or 

smaller than that of the wild type. Aneuploid nomenclature is based on the number of 

copies of the specific chromosome in the aneuploid state. For example, the aneuploid 

condition 2n −1 is called monosomic (“one chromosome”) because only one copy of 

some specific chromosome is present instead of the usual two found in 

its diploid progenitor. The aneuploid 2n+1 is called trisomic, 2n−2 is nullisomic (lake 

of both the normal chromosomal pairs , human with this condition will not survive) 

and n+1 is disomic. 

Aneuploidy originates during cell division when the chromosomes do not separate 

properly between the two cells. Most cases of aneuploidy result in miscarriage and the 

most common extra autosomal chromosomes among live births are 21, 18 and 13. 

Mechanism 

1. Nondisjunction is the failure of homologous chromosomes or sister 

chromatids to separate properly during cell division. There are three forms of 

nondisjunction: failure of a pair of homologous chromosomes to separate 

in meiosis I, failure of sister chromatids to separate during meiosis II, and 

failure of sister chromatids to separate during mitosis. Nondisjunction results in 

daughter cells with abnormal chromosome numbers (aneuploidy). 

https://www.ncbi.nlm.nih.gov/books/n/iga/A4529/def-item/A4659/
https://www.ncbi.nlm.nih.gov/books/n/iga/A4529/def-item/A5515/
https://www.ncbi.nlm.nih.gov/books/n/iga/A4529/def-item/A4666/
https://www.ncbi.nlm.nih.gov/books/n/iga/A4529/def-item/A5098/
https://www.ncbi.nlm.nih.gov/books/n/iga/A4529/def-item/A4753/
https://www.ncbi.nlm.nih.gov/books/n/iga/A4529/def-item/A5481/
https://www.ncbi.nlm.nih.gov/books/n/iga/A4529/def-item/A5162/
https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/Miscarriage
https://en.wikipedia.org/wiki/Autosome
https://en.wikipedia.org/wiki/Chromosome_21
https://en.wikipedia.org/wiki/Chromosome_18
https://en.wikipedia.org/wiki/Chromosome_13
https://en.wikipedia.org/wiki/Homologous_chromosomes
https://en.wikipedia.org/wiki/Sister_chromatids
https://en.wikipedia.org/wiki/Sister_chromatids
https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/Homologous_chromosomes
https://en.wikipedia.org/wiki/Meiosis_I
https://en.wikipedia.org/wiki/Meiosis_II
https://en.wikipedia.org/wiki/Mitosis
https://en.wikipedia.org/wiki/Aneuploidy
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2. Merotelic attachment occurs when one kinetochore is attached to both mitotic 

spindle poles. One daughter cell would have a normal complement of 

chromosomes; the second would lack one. 

3. Multipolar spindles: more than two spindle poles form. Such a mitotic division 

would result in one daughter cell for each spindle pole; each cell may possess 

an unpredictable complement of chromosomes. 

4. Monopolar spindle: only a single spindle pole forms. This produces a single 

daughter cell with its copy number doubled. a tetraploid intermediate may be 

produced as the end-result of the monopolar spindle mechanism. 

Monosomy. refers to lack of one chromosome of the normal complement. Partial 

monosomy can occur in unbalanced translocations or deletions, in which only a portion 

of the chromosome is present in a single copy (see deletion (genetics)). Monosomy of 

the sex chromosomes (45,X) causes Turner syndrome. 

 Uniparental Disomic is an aneuploid chromosome complement. In uniparental 

disomy, both copies of a chromosome come from the same parent (with no 

contribution from the other parent). 

https://en.wikipedia.org/w/index.php?title=Merotelic_attachment&action=edit&redlink=1
https://en.wikipedia.org/wiki/Kinetochore
https://en.wikipedia.org/wiki/Mitotic_spindle
https://en.wikipedia.org/wiki/Mitotic_spindle
https://en.wikipedia.org/wiki/Multipolar_spindles
https://en.wikipedia.org/wiki/Spindle_pole
https://en.wikipedia.org/wiki/Deletion_(genetics)
https://en.wikipedia.org/wiki/Sex_chromosome
https://en.wikipedia.org/wiki/Turner_syndrome
https://en.wikipedia.org/wiki/Uniparental_disomy
https://en.wikipedia.org/wiki/Uniparental_disomy
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Trisomy refers to the presence of three copies, instead of the normal two, of a 

particular chromosome. The presence of an extra chromosome 21, which is found 

in Down syndrome, is called trisomy 21. Trisomy 18 and Trisomy 13, known 

as Edwards Syndrome and Patau Syndrome, respectively, are the two other autosomal 

trisomies recognized in live-born humans. Trisomy of the sex chromosomes is also 

possible, for example (47,XXX), (47,XXY), and (47,XYY). 

Tetrasomy and pentasomy are the presence of four or five copies of a  

chromosome, respectively. Although rarely seen with autosomes, sex chromosome 

tetrasomy and pentasomy in humans, 

including  XXXX, XXYY, XXXXX, XXXXY and XYYYY. 

Mosaicism.the organism evolves as a mixture of cell lines with 

differing ploidy (number of chromosomes). Mosaicism syndromes can be caused by 

mitotic nondisjunction in early fetal development Mosaicism may be present in some 

tissues, but not in others. 

https://en.wikipedia.org/wiki/Trisomy
https://en.wikipedia.org/wiki/Chromosome
https://en.wikipedia.org/wiki/Chromosome_21
https://en.wikipedia.org/wiki/Down_syndrome
https://en.wikipedia.org/wiki/Trisomy_18
https://en.wikipedia.org/wiki/Trisomy_13
https://en.wikipedia.org/wiki/Edwards_Syndrome
https://en.wikipedia.org/wiki/Patau_Syndrome
https://en.wikipedia.org/wiki/Triple_X_syndrome
https://en.wikipedia.org/wiki/Klinefelter_syndrome
https://en.wikipedia.org/wiki/XYY_syndrome
https://en.wikipedia.org/wiki/Tetrasomy
https://en.wikipedia.org/wiki/XXXX_syndrome
https://en.wikipedia.org/wiki/XXYY_syndrome
https://en.wikipedia.org/wiki/49,_XXXXX
https://en.wikipedia.org/wiki/49_XXXXY_syndrome
https://en.wikipedia.org/w/index.php?title=XYYYY&action=edit&redlink=1
https://en.wikipedia.org/wiki/Ploidy
https://en.wikipedia.org/wiki/Mosaicism
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Chromosome structural abnormalities 

Structural aberrations include translocations, deletions, ring 

chromosomes, duplications, isochromosomes, and fragile sites. Most 

of these result from unequal exchange between homologous repeated 

sequences on the same or different chromosomes, or when two 

chromosome breaks occur close together and enzymic repair mechanisms 

link the wrong ends. 

 

1- Translocations 

A translocation involves transposition of chromosome material usually 

between chromosomes. Three types of translocation are recognized:  

Centric fusion or ‘Robertsonian translocations’ (code:rob ) 

Centric fusion arises from breaks at or near the centromeres of two 

chromosomes, followed by their fusion. The carrier of a pair of 

centrically fused chromosomes may therefore have only 45 

chromosomes, but be quite healthy as the overall loss is insignificant.  

Reciprocal translocations (code: ‘t’) 

Reciprocal translocation involves interchromosomal exchange. X-linked 

recessive disease can arise in heterozygous females as a consequence of 

X–autosome translocation. For example, the reciprocal translocation 

between chromosomes X and 1,  interferes with X inactivation, as the 

translocation breakpoint occurs between that gene and the inactivation 

centre. Reciprocal translocations can also activate genes in cancers, as in 

Burkitt lymphoma. 

Insertional translocations (code: ‘ins’) 

Insertional translocation involves insertion of a deleted segment 

interstitially at another location. It is extremely rare and balanced carriers 

are usually healthy, but may produce chromosomally unbalanced 

offspring with either a duplication or a deletion. 

 

2. Deletions (code: ‘del’) 

Deletion of part of a chromosome can be interstitial or terminal. 

Interstitial deletions can arise from two breaks, followed by faulty 

repair, from unequal crossing-over in a previous meiosis, or as a 

consequence of a translocation in a parent. 
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For example, DiGeorge syndrome, caused by a deletion at 22q11.22, is 

formulated: del(22)(q11.22).  

A terminal deletion of the long arm of Chromosome 1 from band 21 

would be formulated: 46,XX,del(1)(q21;qter)  

3. Ring chromosomes (code: ‘r’) 

If two breaks occur in the same chromosome the broken ends can fuse as 

a ring. Non-centric rings are lost, but if the ring contains a centromere it 

can survive subsequent cell division.  

4. Duplications (code: ‘dup’) 

Duplication is the presence of two adjacent copies of a chromosomal 

segment and can be either ‘direct’ (tandem), or ‘inverted’. Duplications 

may originate by unequal crossing-over in a previous meiosis, or as a 

consequence of translocation, inversion, or presence of an 

isochromosome in a parent.  An example is cat eye syndrome involving: 

dup(22)(p13;q11). 

5. Isochromes (code: ‘iso’) 

An isochromosome has one chromosome arm deleted and the other arm 

duplicated. the long arm of the X, resulting in Turner syndrome due to 

short arm monosomy. 

6. Fragile sites (code: ‘fra’) 

A fragile site is an apparent gap in a chromosome. Some are common 

others are rare and sensitive to folate levels in the medium in which the 

cells under examination are cultured. 
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Mutagenesis and DNA repair 

Mutagenesis: is the causative agent of DNA alterations (mutation) 

Chemical mutagenesis 

Environmental mutagens include constituents of smoke, paints, 

petrochemicals, pesticides, dyes, foodstuffs, drugs, etc. The principal 

means of exposure are inhalation, skin absorption and ingestion. 

Promutagens, non mutagens materials that converted into mutagens by 

body chemistry .such as nitrates and nitrites are  

1.  Base analogues. 2-amino-purine is incorporated into DNA in place of 

adenine, but pairs as cytosine, causing a substitution of thymine by 

guanine in the partner strand. 5-bromouracil (5-BU) is incorporated as 

thymine, but can undergo a tautomeric shift to resemble cytosine, 

resulting in a transition from T-A to C-G. 

2.  Chemical modifiers. Nitrous acid converts cytosine to uracil, and 

adenine to hypoxanthine, a precursor of guanine. Alkylating agents 

modify bases by donating alkyl- groups. 

3. Intercalating agents. The antiseptic proflavine and the acridine dyes 

become inserted between adjacent base pairs, producing distortions in 

the DNA that lead to deletions and additions. 

Electromagnetic radiation 

Particulate discharge from radioactive decay includes alpha-particles 

(helium nuclei), beta-particles (electrons) and gamma-rays. The 

mutagenicity of subatomic particles depends on their speed, mass and 

electric charge. The energy and mutagenicity of electromagnetic radiation 

increases with decreasing wavelength. 

Ultraviolet light 
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UV light is the non-visible, short wavelength fraction of sunlight 

responsible for tanning. It exerts a mutagenic effect by causing 

dimerization (linking) of adjacent pyrimidine residues, mainly T-T. It 

does not cause germline mutations, but is a major cause of skin cancer,  

Biological effects of radiation 

Electromagnetic radiation damages proteins and above 1 gray kills 

cells. (One gray, abbreviated Gy, is the amount of radiation that causes 1 

kg of tissue to absorb 1 joule of energy.) At the chromosomal level it 

causes major deletions, translocations and aneuploidy. It causes single- 

and double-strand breaks in DNA and base pair destruction.  

X-rays damage chromosomes most readily when they are 

condensed, which is why they are most harmful to dividing cells, 

including the progenitors of sperm.  

DNA repair strategies 

Apart from direct repair, all the DNA repair systems in human cells 

require exonucleases, endonucleases  polymerases and ligases.  

1. Direct repair: A specific enzyme reverses the damage, for example by 

de-alkylation of alkylated guanine. 

2. Base-excision repair. The damaged base, and a few other base  on 

either side, are removed by cutting the sugar–phosphate backbone and the 

gap filled by re-synthesis directed by the intact strand. 

3. Nucleotide excision repair. This removes thymine dimers and 

chemically modified bases over a longer stretch of DNA.  

4. Mismatch repair. This corrects base mismatches due to errors at DNA 

replication and involves nicking the faulty strand at the nearest GATC 

base sequence.. 

5 Postreplication repair. This corrects double-strand breaks either 

unguided, or by using the homologous chromosome as a template.  
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Cancer cell 

Normal cells can divide only a limited number of times and do so only when 

stimulated by polypeptide growth factors (GFs). If cells get damaged!!, their 

replication is blocked while repairs are carried out; if the damage is irreparable, 

apoptosis (‘cell suicide’) takes place. 

Cancers break these rules. During progress of cancer individual cells acquire 

and retain defects in a random, multistep progression. The cancer cell  develop 

extraordinary survival skills and evasion tactics and become subject to natural 

selection, so that malignant cancers display a characteristic set of abnormalities. So 

we can define the cancer as an uncontrolled cell division. 

Below are their 8 ‘hallmark’ abnormalities common to the 100 or more kinds 

of malignant cancer: 

1 self-sufficiency in mitotic stimulation; 

2 evasion of growth suppressors; 

3 resistance to apoptosis; 

4 limitless replicative potential; 

5 sustained angiogenesis; 

6 tissue invasion and metastasis; 

7 reprogramming of cellular energy metabolism; 

8 evasion of immune destruction. 

1. Self-sufficiency in mitotic stimulation 

GFs are normally required for mitosis and these engage with specific 

receptors (GFRs) on cell surfaces. Cancer cells however can grow and divide 

without external signals, utilizing three unusual capacities: production of self-

stimulatory GFs, hyperexpression of GFRs and spontaneous transmission of 

intracellular mitotic signals by unstimulated GFRs. 

 

2. Evasion of growth suppressors 

Cancer cells generally resist growth inhibitory signals from the ECM and 

neighbouring cell surfaces. Normally such signals are transmitted internally, 

ultimately through the retinoblastoma protein (pRB) and others, preventing 

inappropriate transition from G1 to S.  

If the action of pRB is harmed by mutation, or upset by intervention 
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of papilloma virus in uterine cervical cells, uncontrolled cell division can lead to 

cancer. 

 
 

3. Resistance to apoptosis 

Accumulation of tumour cells depends also on their rate of attrition. 

 In normal cells ‘sensor’ molecules check for metabolic abnormalities before 

‘effectors’ activate ‘the death pathway’. The sensors include IGF-1/IGF2 and its 

receptor IGF-1R. These monitor DNA damage, proto-oncogene expression levels, 

hypoxia and signals from the ECM and cell neighbours. The effectors include Fas 

ligand (FasL) and TNF-α and their receptors.  

Apoptosis is normally triggered by overexpression of a proto-oncogene (p53 

gene) and a cancer can progress to malignancy only if that is overcome. 

 

4. Limitless replicative potential 

With human cells the ‘Hayflick limit’ restricts their multiplication to ∼80 

doublings, but cancer cells ignore this restriction. The limit is normally imposed by 

proteins pRB and p53 (see Chapters 17 and 54), but when they are disabled, as in 
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typical cancer cells, mitosis continues until a stage called ‘crisis’ is reached, 

resulting usually in death of thecell. However, in about 1/10 000 000 mitoses an 

‘immortalized’ cell emerges that can divide without limit. The mitotic count is 

recorded by the telomeres (Chapter 20) from each of which 50–100 bp of DNA is 

lost at each cycle. Close to 90% of cancers up-regulate the enzyme telomerase that 

reinstates telomere structure. 

 

5. Sustained angiogenesis 

Tissues need capillaries within a range of 100 μm and initiation of growth of 

capillaries, angiogenesis, requires both inducers and inhibitors. Inducers include 

vascular endothelial growth factor (VEGF), and acetic and basic fibroblast 

growth factor (FGF 1/2), which bind to tyrosine kinase receptors on endothelial 

cell surfaces. Thrombospondin-1 is an angiogenesis inhibitor regulated by p53. 

VEGF expression is activated by the ras oncogene. 

 

6. Tissue invasion and metastasis 

When cancer causes death this usually results from invasion of neighbouring 

tissues, frequently following dispersal to distant sites. However, most tumours are 

‘benign’. These rarely present a threat to their hosts, whereas ‘malignant’ cancers 

can kill, most often by pressure or occlusion. Tumours of both types are found in 

the same organs, can be derived from the same cell types, can grow to the same 

size, be induced by the same agents or inherited mutations, or arise spontaneously. 

The major distinction of malignant tumours is their ability to invade other tissues 

and to metastasize, that is to fragment and be transported in the blood or lymph 

streams.  

Colonization requires adaptation to new microenvironments and 

micrometastases sometimes remain dormant for decades, perhaps unable to initiate 

angiogenesis. 

 

7. Reprogramming of cellular energy metabolism 

Under aerobic conditions normal cells process glucose to pyruvate through 

glycolysis and thereafter to CO2 in the oxygen-consuming mitochondria. 

Under anaerobic conditions glycolysis is normally favoured and relatively 

little pyruvate is transmitted to the mitochondria. even in well-oxygenated cancer 

cells glucose metabolism is restricted largely to glycolysis. This involves an 18-
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fold reduction in ATP production, but this is compensated by up-regulation of 

glucose transporters (notably GLUT1) and multiple enzymes of the glycolytic 

pathway.  

Some tumours also contain subpopulations of cells that metabolize 

lactate by the citric acid cycle, as in muscle. 

 

8. Evasion of immune destruction 

Our immune system eliminates possibly 100 000 potential cancer cells 

every day, but ‘successful’ cancer cells have found ways to avoid immune 

shadowing and destruction.  

Cancer cells paralyse infiltrating immune cells by secreting  transforming 

growth factor TGF-β and other immunosuppressive factors and recruit 

immunosuppressive regulatory T cells and myeloid suppressor cells, both of which 

can suppress cytotoxic lymphocytes. 
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DNA fingerprinting 

DNA fingerprinting (also called DNA profiling , DNA testing, or DNA 

typing) is a forensic technique used to identify individuals by characteristics of 

their DNA. A DNA fingerprinting is a small set of DNA variations that is very 

likely to be different in all unrelated individuals, thereby being as unique to 

individuals as are fingerprints. techniques which are now employed globally 

in forensic science to facilitate police detective work and help clarify paternity and 

immigration disputes. DNA fingerprinting has also been widely used in the study 

of animal and floral populations and has revolutionized the fields of zoology, 

botany, and agriculture.  

Although 99.9% of human DNA sequences are coded for proteins, the same 

in every person but the Remains of the DNA is non coding region, is a different 

that it is possible to distinguish one individuals from another, even if they 

are monozygotic ("identical") twins.
 

 DNA profiling uses repetitive ("repeat") 

sequences that are highly variable. Called variable number tandem 

repeats (VNTRs), especially short tandem repeats (STRs), also known 

as microsatellites, and minisatellites. VNTR loci are very similar between closely 

related individuals, but are so variable that unrelated individuals are extremely 

unlikely to have the same VNTRs. 

Types of DNA fingerprinting tests  

Restriction fragment length polymorphism (RFLP) and polymerase chain 

reaction (PCR) amplification of short tandem repeats (STRs) are two main DNA 

tests widely used for DNA fingerprinting. 

 

 

https://en.wikipedia.org/wiki/Forensic_science
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Fingerprint
https://en.wikipedia.org/wiki/Forensic_science
https://en.wikipedia.org/wiki/Monozygotic_twins
https://en.wikipedia.org/wiki/Variable_number_tandem_repeat
https://en.wikipedia.org/wiki/Variable_number_tandem_repeat
https://en.wikipedia.org/wiki/Microsatellite
https://en.wikipedia.org/wiki/Minisatellite
https://en.wikipedia.org/wiki/Locus_(genetics)
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Restriction fragment length polymorphism (RFLP):  

The RFLP is considered to be more accurate method, because the size of the 

sample used more, use of a fresh DNA sample, and no amplification 

contamination. The RFLP, however, require longer time period to complete the 

analysis and is costly. 

Steps of RFLP test  

1. The first step in this process is to isolate the DNA from the sample 

material to be tested. the sample size for RFLP test must be large enough 

to get the proper result. 

2. Amplification of DNA sample by PCR technique. 

3. PCR product DNA subjected to restriction digestion using restriction 

enzymes. 

4. The digested DNA sample is then separated by agarose gel electrophoresis, 

in which the DNA is separated based on the size. 

5. The next step is transfer of separated DNA from gel slab onto the 

nitrocellulose membrane, This technique of transferring and hybridizing 

DNA onto nitrocellulose membrane is known as southern blotting, a most 

widely used DNA detection technique by molecular biologists. 

6. After the hybridization with the radioactive probes, the X- ray film is 

developed form the southern blotting and only the areas where the 

radioactive probe binds will show up on the film. 

7. Now these bands when compared with the other known samples, will give 

the final result of the DNA fingerprinting. 
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2. PCR amplification of short tandem repeats (STRs) 

PCR generates the repeated copies of a specific area of the DNA fragment. 

These areas are the alleles and are specific sequences of base pairs. Thousands of 

copies of a particular variable region are amplified by PCR which forms the basis 

of this detection. STR with a known repeat sequence is amplified and separated 

using gel-electrophoresis. The distance migrated by the STR is examined. For the 

amplification of STRs using PCR, a short synthetic DNA, called primers are 

specially designed to attach to a highly conserved common non- variable region of 

DNA that flanks the variable region of the DNA.  



Human genetic                                                                                Dr. Khalid Abdulkhadum Hadi 
3rd stage                                                                                                 lecture 10                   

By comparing the STR sequence size amplified by PCR with the other 

known samples, will give the final result of the DNA fingerprinting. 
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Applications of DNA Fingerprinting:  

1. In Forensics Science: DNA Fingerprinting and Forensics Forensic science 

can be defined as the intersection of law and science. The DNA profile of 

each individual is highly specific. The chances of two people having the 

exact DNA profile are 30,000 million to 1 (except for identical twins). 

Biological materials used for DNA profiling are: Blood, Hair, Saliva, 

Semen, Body tissue cells etc. 

2. Paternity and Maternity Determination: A Person accedes to his or her 

VNTRs from his or her parents. Parent-child VNTR prototype analysis has 

been used to solve disputed cases. This information can also be used in 

inheritance cases, immigration cases. 

3. Personal Identification: The concept of using DNA fingerprints as a sort of 

genetic bar code to pinpoint individuals has already been discussed above.  
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4. 4. Diagnosis of Inherited Disorders: It is also useful in diagnosing 

inherited disorders in both prenatal and newborn babies. These disorders 

may include cystic fibrosis, hemophilia, Huntington's disease, familial 

Alzheimer's, sickle cell anemia, thalassemia, and many others. 


