
 

 

Genzyme 

Replacing the kidney to save lives 

 

What the Kidney Does  

The kidneys form part of the human excretory system and 
are vital for homeostasis. They eliminate nitrogenous waste 
(urea, uric acid) and excess water, salts and H+. By 
reabsorbing the required amounts of water, salts and H+, 
they help maintain a constant body environment. 
Furthermore, they have an endocrine function, producing 
erythropoietin, renin and calcitriol. These hormones 
stimulate red blood cell production, regulate blood pressure 
and maintain blood calcium levels respectively.  

Acute renal failure can occur rapidly as a result of bleeding, burns, 

crush injuries, infections or other causes. Nowadays it is treatable 

and most kidney function will be recovered. Chronic renal failure 

occurs gradually and irreversibly. It can be caused by infections, 

diabetes, drug abuse or other mechanisms. Its slow onset means 

that symptoms may not be noticed until severe damage has been 

done.  

If the kidneys have retained some function, a person may be able 

to stay healthy by monitoring fluid intake, following a regulated 

protein diet and lifestyle changes. Total renal failure (temporary or 

permanent) is life-threatening. Now the challenge is to provide a 
replacement for the kidneys. There are several ways of doing this.  

 

Haemodialysis 

The process of cleaning wastes from the blood artificially is called 

haemodialysis. A patient is connected to a dialysis machine by 

tubes leading to and from blood vessels. The blood is pumped 

along a tube which has a semi-permeable membrane. On the other 

side of the membrane, the dialysate (an aqueous solution of sugars 

and salts with a concentration similar to that of healthy blood) is 
pumped in the opposite direction. This counterflow maximises the 

concentration difference between the two fluids, resulting in the 

diffusion of urea and salts out of the blood. Bicarbonate may be 

added to the dialysate in elevated concentrations and it diffuses 

into the blood, countering the acidosis which accompanies renal 

failure. A haemodialysis session takes a few hours and must be 

repeated a few times in a week. The process has 10% of the 

efficiency of the kidney, hence the need for regulated diets.  

Haemofiltration  
In this process, blood is pumped along a tube with a semi-

permeable membrane. No dialysate is used but a pressure 

difference is maintained across the membrane. Water and salts are 

forced across the membrane, carrying higher molecular weight 

compounds which are not as efficiently removed by haemodialysis. 
It is necessary to replace some of the water and salts by infusing 

them into the blood at a later stage before it returns to the body.  A 

method called haemodiafiltration combines haemodialysis and 

haemofiltration. 

Peritoneal Dialysis  
The peritoneum is the membrane that lines the abdominal cavity. A 

permanent tube is inserted into the patient’s abdominal cavity. The 

patient runs a dialysate (mineral/glucose solution) into the 

abdomen and drains it out a few hours later. The high glucose 

concentration creates an osmotic pressure, causing ultra filtration 

by osmosis of fluid from the blood into the dialysate. The process is 

repeated throughout the day and can be done automatically while 

a person is sleeping, if the appropriate machinery is available for 

use. Peritoneal dialysis is not as effective as haemodialysis, but its 

greater frequency partly compensates for this.  If it is carelessly 

applied, there is a greater risk of infection. However, it gives a 

person more independence and freedom provided he/she has the 

ability and motivation. Scientists are researching a wearable device 
where the dialysate  can be automatically regenerated. To 

compensate for lost endocrine activity, hormones can be 

administered by injection or infused while a patient is on dialysis. 

Transplanting the Kidney  
None of the above techniques properly replaces the lost renal 
function. Since 1954, transplantation has been the favoured option 

for people whose kidneys have failed, but who are otherwise 

relatively healthy. Surgically, the procedure is simple and, since 

humans survive easily on one kidney, living people often donate a 

kidney to a loved one. Accident victims, who had previously 

enjoyed good health, are the main source of organs. Survival rates 

depend on many factors; about 50% of former short-term dialysis 

patients survive for ten years.  

The main problem is the body’s immune system which, left to itself, 

will recognise a transplanted organ as foreign and destroy it. A cell 

is identified by the antigens on its surface, which are unique to 

each person. Prior to transplantation, donors and recipients are 

typed for some of their HLAs (human leukocyte antigens). When a 

foreign cell is identified it is rejected, i.e. the body tries to destroy it. 

Complete matches, except for identical twins, are virtually 

impossible but, if enough of the required antigens are compatible, 

a transplant can proceed. Success is primarily dependent on 
donor-recipient matching of HLA antigens.  

ABO blood group compatibility is also necessary. A donor kidney 

containing A antigens, would be destroyed by anti-A antibodies if 
given to a person of blood group O or B. Potential donors are 

screened to ensure that the best possible match is obtained. 

Since complete matching is rare, patients usually have to take 

immunosuppressant medication indefinitely. This makes them more 

susceptible to cancer, opportunistic infections, hypertension and 

bone disease. However, medications are improving as they 

become more specific. For example, first generation drugs 

prevented lymphocyte proliferation but their side effects were 
general immune suppression, interference with normal cell growth 

and some toxicity. Second generation drugs mainly targeted T-

cells while third generation drugs such as cyclosporine A affect 

only T-cells which have been activated by an antigen. Successful 

use of immunosuppressant medication involves a compromise 

between reducing transplant rejection and limiting the body’s 

ability to fight infection. 

Chronic rejection reactions, which are not well understood, almost 

inevitably develop after a number of years and occasionally 

months. Immunosuppressive drugs are generally not effective and, 

often, the only courses of action are another transplant or a return 

to dialysis.  

 



 

 

The Future 

A major problem in transplantation is organ availability. However, 
humans can also use organs from other animal species. This is 

called xenotransplantation. Heart valves from pigs are already being 

used. Pigs breed rapidly, they an be maintained in pathogen-free 

environments and their organs resemble our own. Massive 

rejection would be inevitable but not if genetically engineered 

animals were developed. Retroviruses would be a risk but scientists 

have developed pigs free of them.  

A different approach would be the development of an artificial 
kidney. Scientists are working on nano-porous membranes which 

could suitably mimic the kidney’s reabsorption capability. Kidney 

cells grown on these membranes have been shown to retain some 

of their properties. This combination of membrane and cells may 
form the basis of an implantable kidney. 

Research is ongoing on the induction of immune tolerance to 

transplanted tissues, with little success as yet and the holy grail of 

growing new kidneys from one’s own stem cells is still only a 

dream. Research is ongoing on the induction of immune tolerance 

to transplanted tissues, with little success as yet and the holy grail 

of growing new kidneys from one’s own harvested stem cells is still 

only a dream.  

Genzyme 
 

One of the world’s leading biotechnology companies, 
Genzyme is dedicated to making a major positive impact 
on the lives of people with serious diseases. Founded in 
Boston in 1981, the company has grown from a small start-
up to a diversified enterprise with more than 11,000 
employees in locations spanning the globe and 2008 
revenues of US$4.6 billion.  

With many established products and services helping 
patients in approximately 100 countries, Genzyme is a 
leader in the effort to develop and apply the most advanced 
technologies in the life sciences. The company’s products 
and services are focused on rare inherited disorders, kidney 
disease, orthopaedics, cancer, transplant and immune 
disease, and diagnostic testing. Genzyme’s commitment to 
innovation continues today with a substantial development 
programme focused on these fields, as well as 
cardiovascular disease, neurodegenerative diseases, and 
other areas of unmet medical need. 

Genzyme Ireland was established in 2001 with a 
biopharmaceutical facility developed on a 37-acre site in 
Waterford. The facility now has 460 employees having 
originally manufactured a tablet medicine used in the 
treatment of kidney dialysis patients globally. 

In 2005, Genzyme expanded their Waterford site with 
additional manufacturing capacity as well as research and 
development to support the manufacture of clinical trial 
products. This allowed Genzyme Ireland expand its 
capability to produce clinical supplies in sachet and liquid 
form, as well as in tablet form. 

The Waterford site also formulates, fills and finishes 
biological proteins and enzymes. These dosage forms are 
sterile and filled into vials administered as small volume 
products administered to the patient’s body by injection. 
The products processed in the Waterford plant are focused 
on the treatment of rare genetic disorders as well as in 
organ transplant procedures and in the treatment of 
diseases affecting the immune system. 

A further campus expansion programme at Genzyme 
Ireland is currently nearing completion as the company 
continues to invest in Waterford. 

You can find this, and other Genzyme lessons, on 

www.sta.ie. 

You can find out more about the work of Genzyme on  

www.genzyme.ie 
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Teaching Notes 
 

Syllabus References  
The appropriate syllabus references are: 

Leaving Certificate Biology  

1 Movement through cell membranes  

2 Excretory system in the human body  

3.5.1 Structures for response  

3.5.6 Animal hormones 

3.5.7 Human immune system (HL) 

Junior Certificate Science  

1A6 Excretion  

 

Learning Outcomes  
• On completion of this lesson, students should be able to:  

• Appreciate the role of the kidneys and the consequences 

of kidney failure  

• Understand the basis of dialysis and its shortcomings  

• Recognise the desirability of transplantation and the 

difficulties involved  

• Be aware that the technology of kidney replacement is 

continually improving.  

General Learning Points  
• The following points can be used to review 

• the lesson content and to inform discussion. 

• Kidney failure is a serious medical condition.  

• The kidneys excrete nitrogenous wastes, salts and water. 

They also have an endocrine function. 

• Kidney function can be replaced by hemodialysis, 

hemofiltration and peritoneal dialysis.  

• Kidney transplantation is the favoured option as it can 

restore a person’s independence. It is a well-established 

procedure.  

• Kidney transplantation is not always possible due to 

tissue incompatibility or organ unavailability.  

• In most cases, transplant patients require medication to 

prevent organ rejection. Immunosuppressant medication 

lowers a patient’s resistance to cancer and other 

disease. Improved drugs are continually being 

developed.  

• Kidney transplants from other animals are a possibility.  

• Nanotechnology and stem cell techniques do not offer 

any immediate prospect of kidney replacement. 
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Exercises 
 

Student Activities  
1. Half fill a strip of visking tubing with concentrated sugar 

solution. Tie it securely and leave it in a beaker for a half hour. 

Remove it and note the fluid volumes in tubing and beaker. You 

have done a simulation of peritoneal dialysis. Repeat the 

experiment using different volumes and sugar concentrations. 

Instead of water, fill the beaker with salt solutions, sugar 

solutions and solutions with some vinegar added. Check the 

pH values of the fluids at different stages. Your results may be 

ambiguous but you will have encountered the practicalities of 

dialysis.  

2. Find out different causes of kidney failure.  

3. Swelling of the limbs, high blood pressure, extreme fatigue and 

muscle twitching are symptoms of kidney failure. Knowing what 

you do about the functions of the kidney, suggest why these 

symptoms arise.  

4. Find out about the parathyroid gland. It too regulates calcium 

levels in the body.  

5. How do you go about being a kidney donor?  

 

True or False  
 

a) The presence of blood or protein in urine may indicate kidney 

damage. T F 

b) Low blood pressure due to dehydration, haemorrhage  

or shock after burning can lead to kidney failure.  T F 

c) Bone marrow transplantation is difficult because lymphocytes  

in the bone marrow may mount an immune attack against  

the recipient.  T F 

d) Artificial implantable kidneys have been successfully  

developed.  T F 

e) A history of cancer in a donor or recipient is not an  

obstacle to transplantation.  T F 

f) Certain viruses, harmless in other organisms (such as HIV  

variants in chimpanzees), have proved deadly to humans. 

This is a factor to be considered in xenotransplantation.  T F 

g) Repeated blood transfusions expose a person to antigens  

which sensitise his/her immune system. This may increase  

the likelihood of rejection of a transplanted organ.  T F 

h) Battery-operated dialysis machines have  

sometimes been used.  T F 

i) High blood sugar levels in diabetics have led to increased 

numbers of microorganisms and consequent infections.  T F 

j) A second organ transplant is never feasible.  T F 

 

Check your answers to these questions on www.sta.ie 

Examination Questions  

Leaving Cert Biology (HL) 2007, Q. 14 

(c) 

(i) What is meant by the term immunity? 

(ii) Outline briefly the role of B lymphocytes in the human 

immune system. 

(iii) Distinguish between active and passive immunity. 

(iv) “Vaccination gives rise to active immunity”. Explain this 

statement. 

(v) In certain situations a person is given a specific antibody 

rather than being vaccinated. 

1. Is this an example of active or passive immunity? 

2. Under what circumstances might an antibody, rather than a 

vaccination, be given? 

3. Comment on the duration of immunity that follows the 

administration of an antibody. 

 

 

Leaving Cert Biology (HL) 2008, Q. 13 

(a) 

(i) What is meant by excretion? 

(ii) Urea and carbon dioxide are excretory products of the 

human body. In the case of each product name a substance 

from which it is derived. 

(b) The diagram shows the structure of a nephron and its 

associated blood supply. 

(i) Name the parts A, B, C, D, E and F. 

(ii) From which blood vessel is A derived? 

(iii) Where in the kidney is B located? 

(iv) Give the part of the nephron in which each of the following 

takes place: 1. filtration, 2. reabsorption of amino acids. 

(v) Give two features of the nephron that aid filtration. 

(vi) Name a group of biomolecules in the blood which are too 

large to pass through the filtration system of the nephron. 

 

 



 

 

Did You Know?  
• In 1908, Alexis Carrel did the first systematic study of 

transplantation when he exchanged kidneys in cats. Some of 

the animals maintained urinary output for over 3 weeks. All of 

the animals died but the experiment established that 

transplanted organs could function in a recipient.  

• The first human kidney transplant, performed in Russia in 1935, 

failed because of blood type mismatch. In 1954, a team 

headed by Joseph Murray in Boston performed the first 

successful human kidney transplant between identical twins.  

• Nanotechnology is the science and engineering involved in 

constructs whose dimensions are in nanometres. Carbon 

nanotubes have 500 times the strength of steel and a tenth of 

its density. Scientists hope one day to build Nan machines to 

service and repair the human body where no scalpel can go or, 

indeed to build an organ as complex as a kidney.  

• Crush injuries to muscles cause the release of proteins in 

amounts that are toxic to the kidneys.  

 

Biographical Notes  
Willem J Kolff (1911 - 2009)built his first dialysis machine in 

Holland during World War 2 from a tub, drum, metal, sausage 

casings and an electric motor. After the war, he improved the 

design and later, in America, built a portable dialysis machine 

which did not prove to be practical. He also invented the intra-

aortic balloon pump and helped develop the heart-lung machine. 

Less successful, but not complete failures, were his artificial eyes 

and ears.  

The Boiani family were surgeons who practised empirical 

medicine in southern Italy in the 17th century. They pioneered the 

skin graft when they developed a way of rebuilding the face, based 

on a method of layering vines which was used in the region.  

Karl Landsteiner was an Austrian-born immunologist and 

pathologist. In 1930 he received the Nobel Prize for his discovery of 

the major blood groups and the ABO system of blood typing. This 

discovery made blood transfusion routine and contributed to 

successful kidney transplantation.  

Revise the Terms  
Can you recall the meaning of the following terms? Reviewing 

terminology is a powerful aid to recall and retention. 

ABO, acute renal failure, antibodies, antigen, B-cells, calcitriol, 

chronic renal failure, diabetes, dialysis, erythropoietin, galactosyl 

1,3-α-galactose antigen, haemodiafiltration, haemodialysis, 

haemofiltration, HLA, homeostasis, hormone, hypertension, 

immune tolerance, lymphocyte, nanotechnology, nitrogenous 

waste, opportunistic infections, osmosis, peritoneal dialysis, 

peritoneum, renin, retrovirus, semi-permeable, stem cells, T-cells, 

urea, uric acid, ultrafiltration, xenotransplantation.  

Check the Glossary of Terms for this lesson on www.sta.ie 

 


