
BMS 3021 Essay Exam Plans 
1. Discuss the molecular mechanisms regulating p53 function and 
activity in normal and cancer cells. 

● p53 is a tumour suppressor gene that acts to limit cell division and 
proliferation 

● It acts as a brake on cancer development and progression where they restrict 
cell division, repair DNA and in some cases induces apoptosis 

● In cancers, the loss of function requires both alleles to be defective i.e. 2 hit 
hypothesis 

● Various mutations can cause the loss of p53 which include loss of function 
mutation, deletions and epigenetic silencing causing the gene to no longer be 
transcribed such as DNA methylation or histone modification 

● In normal cells, when DNA breaks occur or UV radiation and stress are 
present, p53 is activated where it has both transcriptional and non-
transcriptional activities 

● Non-transcriptional activities include the mitochondrial association to induce 
apoptosis, maturation of growth-suppressive miRNAs and activation of DNA 
repair pathways 

● It also causes transcription of genes involved in growth arrest, apoptosis, 
prevention of angiogenesis, DNA repair and increase in translation of p53 
itself 

● However, in cancer cells, p53 is mutated which leads to the loss of function or 
altered function 

● This leads to evasion of cell death and DNA repair thus the tumour is able to 
grow and progress without restrictions 

● The dysfunction of p53 occurs at high frequency in many tumour types 
 

2. Describe the process involved in producing a chimeric mouse-
human monoclonal antibody for the treatment of non-Hodgkin’s 
lymphoma. In your answer, include a brief description of the methods 
whereby the original mouse monoclonal antibody was derived. 

● Antibodies are molecules secreted by B cells, immune cells that are part of 
the adaptive immune system  

● Antibodies have 2 arms which contain Fab regions at the end, to which 
antigens can bind  

● They contain Hyper variable regions called CDRs and this region varies 
between each antibody making it unique to its binding target (antigen)  

● Each arm consists of 2 heavy and 2 light chains, and are held together by 
disulfide bridges  

● They also contain a constant Fc region which can be used by the Innate 
immune system and Compliment systems   

● Antibodies are coded by different gene segments known as V, D, J and C for 
both Light chain and Heavy chain  



● The rearrangement and genetic splicing can cause variations in the overall 
antibody  

● Since antibodies have the ability to bind to specific antigens, they have been 
exploited as a form of therapy 

● In particular they have been a useful in the treatment of cancers such as Non-
Hodgkins Lymphoma where the antibodies are designed to target CD20 
molecule 

 
● In producing an antibody against CD20 for Non-Hodgkins Lymphoma, it 

involves exposing the CD20 to the animal in most cases a mouse 
● Such method would lead to the production of polyclonal antibodies where 

each B cell produced a different antibody to the same target and thus would 
lead to isolating the serum. 

● However for targeting CD20 for Non-Hodgkin’s lymphoma, monoclonal 
antibodies are needed where a B cell produces one type of antibody specific 
to CD20 and thus involves: 

○ Inject the antigen (CD20) into an animal model such as a mouse and 
isolate its spleen cells. 

○ Create hybridomas, a fusion of a myeloma and a B-cell, derived using 
the antibody formed, in order to make them immortal, as B cells are 
not able to grow on medium on its own 

○ These hybridomas are grown on HAT medium where myeloma cells 
and B cells that have not fused will die out 

○ Dilute out the solution until only one cell is left in the solution, 
essentially isolating one antibody. 

○ Use immunoassays to work out which antibody you want. 
● Such method would lead to the production of mouse monoclonal antibodies 

that would be quite successful for the first treatment, but eventually the 
immune system will recognise the Fc region of the mouse antibody as it is 
foreign 

● Therefore in the second treatment, the antibody will be removed quickly thus 
ineffective 

● This lead to researchers developing humanised monoclonal antibodies 
● The first solution involved fusing the mouse variable domain with the human 

Fc region, however the immune system was still able to recognise the mouse 
region 

● Eventually it was realised that only a small section of the variable domain 
CDRs, are important for binding to antigens  

● Producing a chimeric mouse-human monoclonal antibody requires isolating 
the genes encoding mouse complementary determining regions (CDRs) of 
heavy and light chains of anti-CD20 of the mouse antibody  

● The complementarity determining regions (CDRs) of the light chains of the 
mouse anti-CD20, and a human scaffold for the antibody EXCEPT the CDR 
regions are inserted into a light-chain chimeric vector.  

● Likewise the CDRs of the heavy chain of the mouse as well as the human 
scaffold for the antibody EXCEPT the CDR, are inserted into a heavy-chain 
chimeric vector. 



● These chimeric human-mouse genes/vectors are then transfected into 
antibody-secreting myeloma cells.  

● This leads to the production of chimeric human-mouse antibodies specific 
against CD20 for Non-Hodgkins Lymphoma that the immune system is able 
to tolerate and thus effective 

 

3. Describe the molecular basis of haemophilia A, and discuss the 
impact of recombinant DNA technology on treatment of the disease. 

● Haemophilia is a disease that leads to uncontrolled bleeding due to the 
dysfunction of a coagulation factor 

● The process of coagulation is important in the formation of clots to prevent 
bleeding where it is triggered by vessel injury and involves stepwise activation 
of circulating, inactive coagulation enzymes 

● It involves both an extrinsic pathway activated by trauma/wounding that 
causes blood vessels to open and an intrinsic pathway that is not well 
understood 

● Most components of the coagulation pathway are proteases where there are 
two components which are non-proteolytic cofactors which are involved in the 
activation of proteases on the surface of the membrane 

● Co-factors themselves need to be activated by proteolysis in order to help 
facilitate reactions in the pathway to blood clots  

 
● One of the major forms of Haemophilia is Haemophilia A where there is a 

deficiency of factor VIII  
● There is significantly less plasma concentrations of factor VIII in Haemophilia 

A patients, which causes disturbances in the downstream pathway of blood 
clotting of the intrinsic pathway, thus the extrinsic pathway is still functional 

● This leads to bleeding episodes such as in muscles, organs and brain, but 
most commonly in the joints leading to reduced joint mobility. 

● However as mentioned before, due to extrinsic pathway still being functional, 
bleeding from membranes and minor cuts are not a problem 

● Haemophilia is most common in the elderly, where there are antibodies 
acquired, against factor VIII 

● But Haemophilia A can also be due to mutations in factor VIII found on the X 
chromosome 

● The genetic basis of Haemophilia A is attributed to spontaneous mutations in 
X chromosome, at position Xq26 

● Generally affects more males since they only have one copy of the X 
chromosome 

● Among the different types of mutations in the factor VIII gene that cause 
Haemophilia A, DNA rearrangements during meiosis are the most common 
due to internal crossing over of the X chromosome that occur in exons 11/26 
that lead to no production of the protein 

● This is followed by DNA point mutations (exon 26) and small/large insertions 
(exon 26/18) or deletions of DNA (exon 11/26) that abolish the protein, 



truncate the protein, leads to low levels of the protein to be produced or lower 
protein stability and activity.  

 
● Replacement therapy has been the main treatment used to treat Haemophilia 

A, and involves the injection of purified factor VIII to replace the drastically 
low serum levels found in patients.  

● This allows for normal function of the Intrinsic pathway to occur  
● Replacement therapy can either be given in response to a bleeding event or 

as prophylactic measure to prevent bleeding events 
● Generally factor VIII is transfused into a patient from donors blood by isolating 

factor VIII, but there are safety and practicality issues associated with this 
such as blood borne infections, the possibility of producing antibodies against 
factor VIII, contaminating proteins causing immunosuppression and the 
availability 

● Thus there has been an increase in the use of recombinant DNA technology 
as a treatment 

● This could remove infection risk, increase effectiveness or remove inhibitor 
formation, and possibly reduce cost 

● Several systems are available for recombinant protein production, but the 
most cost effective option is the use of mammalian cells.  

● The use of this system involves the isolation of factor VIII cDNA from liver 
cells, followed by the ligation of these to a plasmid vector. 

● The plasmid vector is amplified in bacteria and then introduced to mammalian 
cells, allowing for the transfection of these cells with the cDNA. 

● These cells will transcribe factor VIII mRNA and then translate this into factor 
VIII protein. 

● The transfected clones producing high levels of factor VIII are identified and 
used to produce a scale up culture for treatment of Haemophilia A.  

 
Briefly describe the aetiology, epidemiology and pathogenesis of 
dengue haemorrhagic fever. 

● Dengue is transmitted by Aedes aegypti (mosquito) and A. albopictus (asian 
tiger mosquito) which is a less competent vector but is ever increasing in 
comparison to Aedes aegypti which is a competent vector, but is decreasing 
in numbers 

● Dengue is endemic in tropical areas where it used to be zoonotic especially in 
forest environments, but now it can be a pure urban epidemic as mosquitos 
has adapted to live with humans 

● One of the diseases associated with DF is Dengue Hemorrhagic Fever (DHF) 
 

● DHF initially starts as fever, but the symptoms worsen later on 
● It is sometimes associated with severe shock known as dengue shock 

syndrome - DSS 
● Each year there are 500,000 cases of DHF where 5% of these patients 

eventually die 
● Currently there is a pandemic of DHF that started in south east asia after 

WWII which has spread to the pacific and americas 


