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Answer all the questions.

1 This question is based on the Advance Notice article SPINAL CORD INJURIES: HOW COULD 
STEM CELLS HELP?, which is an insert.

 (a) The spinal cord contains both motor and sensory neurones.

  (i) State one similarity and one difference between the structure of motor and sensory 
neurones.

similarity  ............................................................................................................................

 ...........................................................................................................................................

difference ...........................................................................................................................

 ...........................................................................................................................................
 [2]

  (ii) Explain why a spinal cord injury (SCI) causes both paralysis and loss of feeling below 
the site of the injury.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (iii) Describe the role of the myelin sheath in the propagation of nerve impulses.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (iv) The Advance Notice discusses oligodendrocytes, which are cells found only in the 
central nervous system (CNS).

   State the name of the cells that perform a function equivalent to oligodendrocytes in the 
peripheral nervous system.

 ...................................................................................................................................... [1]

both have a cell body, dendrites, an axon and a myelin sheath

(Schwann cells with nodes of Ranvier)

the motor neurone has its cell body at the end, but the sensory

neurone has its cell body in the middle (on a dendron)

Both motor and sensory neurones are damaged. Impulses cannot pass

through motor neurones to reach the muscles, so there is paralysis;

impulses from receptors cannot pass through sensory neurones to the

brain, so feeling is lost.

The myelin sheath insulates the axon and prevents the passage of ions,

so depolarisation only happens at the nodes of Ranvier.

The action potential jumps from node to node (saltatory conduction),

which speeds up the transmission of impulses.

Schwann cells
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 (b) Treatment of injuries to the spinal cord, including with stem cell therapy, requires surgeons to 
determine the exact location and extent of the injury.

  (i) State the name of an imaging technique that could be used for this purpose.

 ...................................................................................................................................... [1]

  (ii) Describe how the technique you have given in (i) can be used to help surgeons to assess 
the location and extent of injury.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [3]

 (c) The Advance Notice article describes several types of stem cell.

  Stem cells can be classified as totipotent, pluripotent, and multipotent.

  Suggest which of these types of stem cell have been used in the clinical trials described in 
the Advance Notice. Give reasons for your choice.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [3]

MRI (magnetic resonance imaging)

MRI uses a strong magnetic field (magnets) to make detailed images of

the spinal cord. It shows the difference between healthy and damaged

areas, as it detects swelling or inflammation (increased water), changes

in blood flow, and areas of demyelination.

The neural stem cells (from human brain tissue, Balgrist and Neuralstem

trials) and the mesenchymal stem cells (MSCs) are multipotent.

This is because they are derived from adult (non-embryonic) tissue and can

only differentiate into a limited range of cell types, e.g. the three kinds of

neural cell.

The Asterias trial used human embryonic stem cells, which are pluripotent, as

they can differentiate into any type of cell.
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 (d)* Using information from the Advance Notice, evaluate the risks, benefits and ethical issues 
related to the use of stem cells in the treatment of spinal cord injury (SCI).

  In your answer, you should demonstrate an understanding of the current and future potential 
of stem cell therapy.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [6]

Benefits: SCI has no effective treatment, so stem cells give hope. Transplanted cells could

replace nerve cells that died, form new supporting cells (OPCs) that re-myelinate axons

and bridge the injury so axons regrow, release growth factors that protect cells and

suppress inflammation, so patients might walk or feel again. Balgrist gave sensory gains in

four patients and four of five Asterias patients had a smaller injury volume.

Risks: samples are very small, so results may be due to chance. Donor cells may be

rejected, so immunosuppression is needed, raising infection risk; six injections into the

injury site risk infection and further injury. Long-term effects are unknown, cells could

form tumours (iPSCs or ES cells) and it may not work: no cells gave more than partial

recovery. MSCs from the patient's own bone marrow avoid rejection.

Ethics: hES cells involve destroying embryos (potential life); using human brain tissue

raises consent issues, and trials may give false hope. iPSCs avoid this. Future: no

treatment is approved yet, but trial data will guide future trials, so stem cell therapies

(e.g. the patient's own iPSCs with other therapies) may be approved.
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2 In 1908, American plant breeder George F. Freeman published a paper called ‘A method for the 
quantitative determination of transpiration in plants’. Freeman was working on breeding drought-
resistant varieties of alfalfa. He reasoned that individual plants with the lowest rates of transpiration 
would show greatest drought resistance and should be used in selective breeding.

 The rate of transpiration can be measured by using:
• a potometer with a shoot cut from the plant
• a whole plant growing in a pot, where water loss is calculated by measuring loss of mass.

 Freeman investigated whether results obtained using a potometer were comparable with those 
obtained with whole plants. He measured the rate of transpiration in four types of plant by using 
either a potometer with cut shoots or whole plants growing in pots. The results are shown in 
Table 2.1.

Plant
Average rate of transpiration /

mg cm–2 leaf hr–1 Rate of transpiration in 
potometer as percentage of 

transpiration in pots (%)Pots Potometer

Daisy 7.21 1.44  20.0

Coleus 2.77 0.37

Portulaca 1.72 0.47

Geranium 0.65 0.65 100.0

Table 2.1

 (a) Complete Table 2.1 by calculating the missing percentages for Coleus and Portulaca.

  Show your working.

[1]

 (b) (i) Temperature was controlled in this experiment. State two other variables that should be 
controlled to ensure valid results in this experiment.

1  ........................................................................................................................................

2  ........................................................................................................................................
[2]

13.4
27.3

Coleus: 0.37 ÷ 2.77 × 100 = 13.4%

Portulaca: 0.47 ÷ 1.72 × 100 = 27.3%

humidity (of the air)

light intensity
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  (ii) Freeman made the following conclusions:

• There is a large difference between the rate of transpiration of a plant growing on its 
own roots (‘normal’ transpiration) and that of a cut shoot of the same plant placed in 
water.

• The difference is greatest in those plants having the highest rate of ‘normal’ 
transpiration.

   Does the data in Table 2.1 support Freeman’s conclusions? Give reasons for your 
answer.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [3]

 (c) Freeman then designed an experiment to allow him to measure the rate of transpiration in an 
alfalfa plant growing in soil in a greenhouse. Fig. 2 shows the apparatus he used.

thermometer

glass cylinder

alfalfa plant
growing in soil

to
aspirator

U-tube containing
P2O5 air drawn

in

Fig. 2

  The aspirator created a steady flow of air into the cylinder past the stem of the alfalfa and 
through the U-tube. Phosphorous pentoxide (P2O5) absorbed any water in the air flowing 
through the U-tube. The mass of the U-tube was measured at ten minute intervals for one 
hour in order to calculate the rate of transpiration.

Yes: daisy, coleus and portulaca transpire faster in pots than in a potometer, e.g.

daisy 7.21 vs 1.44 and coleus 2.77 vs 0.37 mg cm-2 leaf hr-1, while geranium, with

the lowest rate (0.65), shows no difference.

The potometer % rises as the pot rate falls (coleus 13.4%, portulaca 27.3%,

geranium 100%).

No, partly: coleus has a lower % (13.4%) than daisy (20.0%) yet a lower rate.
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  The results of one experiment are shown in Table 2.2.

Time (min) Increase in mass of U-tube (mg)

 0   0

10  65

20 120

30 184

40 255

50 309

60 379

Table 2.2

  (i) Plot a graph of the results in Table 2.2 on the grid below.
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  (ii) The total area of leaves inside the cylinder was 22.28 cm2. Use this value and your graph 
to calculate the rate of transpiration.

   Give your answer in standard form to two decimal places.

 answer = ................................ units = ............................ [3]

Question 2(d) begins on page 10

gradient = (375 − 62.5) ÷ (60 − 10) = 312.5 ÷ 50 = 6.25 mg min-1

rate = 6.25 ÷ 22.28 = 0.2805 mg min-1 cm-2

2.81 × 10-1 mg min-1 cm-2
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 (d) Freeman was working on developing drought-resistant varieties of alfalfa using selective 
breeding, but this has proved difficult.

  Drought resistance depends on the ability to withstand several abiotic factors, such as high 
temperatures and high light intensity.

  (i) Use your knowledge of inheritance to suggest why it is difficult to study the genetic basis 
of drought resistance.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) Alleles of the miRNA 156 gene regulate a group of transcription factors in alfalfa. These 
transcription factors activate or inhibit promoters that control genes related to drought 
resistance.

   Explain how the miRNA 156 gene could be used to investigate the genetic basis of 
drought resistance.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (iii) Scientists have made a plasmid that produces more of the miRNA 156 gene product 
than normal and want to use this to develop a drought-resistant alfalfa plant.

   Explain how they could incorporate the plasmid into alfalfa cells.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

Drought resistance is polygenic: it is controlled by many genes at

different loci (e.g. for heat and light tolerance), and there may be

multiple alleles at each locus, so it is hard to study each one.

Knock out (remove) the miRNA 156 gene and observe the phenotype, i.e.

whether drought resistance changes.

Its transcription factors can identify which genes or alleles are activated

in drought resistance, as promoters control their transcription.

Insert the plasmid into Agrobacterium tumefaciens, used as a vector to

infect the alfalfa cells (or use a gene gun).

Screen for transgenic cells with a selectable marker gene on the plasmid,

e.g. GFP, so only glowing cells are grown on.
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3 (a) The NHS has published the following advice about tuberculosis (TB) on its website:

If you’re diagnosed with active pulmonary TB (TB that affects your 
lungs and causes symptoms), you will be given a six-month course of 
a combination of antibiotics. The usual course of treatment is:

 •  two antibiotics (isoniazid and rifampicin) for six months
 •  two additional antibiotics (pyrazinamide and ethambutol) 

for the first two months

It is important to take some basic precautions to stop TB spreading 
to your family and friends. You should:

 •  always cover your mouth – preferably with a disposable 
tissue – when coughing, sneezing or laughing

 •  open windows when possible to ensure a good supply of 
fresh air in the areas where you spend time

 • not sleep in the same room as other people.

  (i) State the name of one organism that causes TB.

 ...................................................................................................................................... [1]

  (ii) Explain why patients with pulmonary TB are advised to cover their mouths when 
coughing, to open windows when possible and not sleep in the same room as other 
people.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (iii) Most bacterial infections are treated with a single antibiotic for 7–10 days.

   Explain why TB requires treatment with a combination of antibiotics for a much longer 
period.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

Mycobacterium tuberculosis

TB is spread by inhalation of infected droplets released when coughing, so

covering the mouth stops them spreading; open windows remove droplets

from the air. Infection needs long periods of close contact and you

cannot cover your mouth when asleep.

The bacteria are protected inside tubercles (granulomas, inside

macrophages), so they are inaccessible to antibiotics and take a long time

to kill.

Bacteria may resist any one antibiotic but are unlikely to resist all four;

a long course stops antibiotic resistance developing.
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 (b) Fig. 3 shows the structure of the human immunodeficiency virus (HIV).

nucleic
acid

B

A

C

Fig. 3

  (i) State the type of nucleic acid that forms the genetic material of HIV.

 ...................................................................................................................................... [1]

  (ii) Identify the structures labelled B and C in Fig. 3.

B  ........................................................................................................................................

C  ........................................................................................................................................
[1]

  (iii) State the name and describe the function of the enzyme labelled A in Fig. 3.

name  .................................................................................................................................

function  ..............................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................
[2]

RNA (single stranded)

capsid (protein coat made of capsomeres)

lipid membrane (envelope, phospholipid bilayer)

reverse transcriptase

uses the viral RNA genome as a template to make (double

stranded) DNA, i.e. cDNA, which is then inserted into the host cell's

DNA.
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 (c) Acquired immunodeficiency syndrome (AIDS) refers to a series of symptoms and illnesses 
caused by HIV.

  Describe how the life cycle and method of infection of HIV explains the following features of 
HIV/AIDS.

  (i) There can be a long period (up to ten years) between infection and the onset of symptoms.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) A person infected with HIV becomes more susceptible to infections such as candidiasis, 
pneumonia and TB.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

 (d) Studies have shown that HIV might increase the probability of clots forming inside blood 
vessels.

  A student wrote the following notes about the process of blood clotting.

  Complete the gaps in the student’s notes using the most appropriate word or term.

   Most clotting factors are ……………………………………………………… that convert an inactive 

clotting factor into an active clotting factor. For example, ……………………………………………………… 

converts prothrombin to thrombin, which then hydrolyses ……………………………………………………… 

to form the protein fibrin. Because fibrin is a ……………………………………………………… protein the 

molecules become entangled with red blood cells and form a clot.
 [4]

Reverse transcriptase makes cDNA and integrase inserts it into the host

cell's DNA (chromosomes), where it is called a provirus. The provirus can

remain dormant in the genome for years, so no new viruses are made and

no symptoms occur.

HIV infects and destroys helper T cells (CD4 cells), so the number of T

helper cells decreases. B cells, killer T cells and phagocytes are not

activated, so the immune system cannot destroy pathogens: the person is

immunocompromised.

enzymes

thromboplastin

fibrinogen

fibrous
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4 (a) Physiological ageing leads to changes in the male reproductive system. These changes can 
cause infertility and erectile dysfunction.

  (i) Explain the difference between male infertility and erectile dysfunction.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) State one factor, other than physiological ageing, that can cause erectile dysfunction.

 ...................................................................................................................................... [1]

 (b) Hormone replacement therapy (HRT) is used to treat the symptoms of the menopause in 
some women. However, the molecules used in HRT can cause side effects.

  Fig. 4 shows the results of a study, published in 2002, of the effect of HRT on the incidence of 
various conditions.

0
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20

30

40number of cases
in every 10 000
women per year

50

hip
fracture

CHD stroke endometrial
cancer

breast
cancer

colorectal
cancer

Key: HRT
placebo

Fig. 4

  (i) Use Fig. 4 to assess the effect of HRT on the incidence of disease and injury.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [3]

Erectile dysfunction is the inability to get or maintain an erection,

whereas male infertility is due to problems with sperm production or

release, e.g. a low sperm count or abnormal sperm.

diabetes

HRT increases the incidence of CHD (about 37 compared with 30), stroke

(about 30 compared with 20) and breast cancer (about 39 compared

with 32 per 10 000 women per year) compared with placebo.

HRT reduces the risk of hip fracture and colorectal cancer (about 10

compared with 15 for both).

However, no error bars or statistical analysis are shown, so the differences

may not be significant.

stemup.co.uk

https://stemup.co.uk


15

Turn over© OCR 2018

  (ii)* In November 2015 the National Institute for Health and Care Excellence (NICE) issued 
new guidelines for managing the menopause. These included:

• Women with cardiovascular risk factors should not automatically be excluded from 
taking HRT.

• Oestrogen-only HRT causes little or no increase in the incidence of breast cancer; 
HRT with oestrogen and progesterone can increase incidence of breast cancer, but 
any increased risk reduces after stopping HRT.

   Use your own knowledge and these new guidelines to evaluate the risks of HRT.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [6]

Previous guidance (after the 2002 study) said women with a history of breast,

endometrial or ovarian cancer, blood clots (thrombosis), CHD or stroke, untreated

high blood pressure or liver disease should not take HRT, because oestrogen

increases blood clotting and the study showed more CHD, stroke and breast

cancer.

The new guidelines say women with cardiovascular risk factors should not

automatically be excluded, so the CHD risk is not as great as was thought.

They also show the cancer risk is not so high: oestrogen-only HRT causes little

or no increase in breast cancer. Combined oestrogen and progesterone HRT does

increase breast cancer risk, but stopping HRT decreases the risk again, so

short-term use is safer.

The new guidelines are based on more recent studies and more evidence, so

they are more reliable. Overall the risks are smaller than previously believed and

must be weighed against the benefits, e.g. fewer hip fractures and relief of

symptoms, for each woman.
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5 (a) Fig. 5.1 shows the changes in population, annual birth rate and annual death rate in Europe 
and Africa since 1950 and projected beyond 2080.
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Fig. 5.1

  (i) Explain why birth rates and death rates are shown in Fig. 5.1 as ‘number per thousand 
per year’.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

It allows comparison between areas with different population sizes, as

population size does not have to be taken into account.
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  (ii) Use the data in Fig. 5.1 to calculate the projected rate of increase in the population of 
Africa between 2028 and 2080.

   Show your working. Give your answer in standard form to one decimal place.

 answer =  ............................. thousands year–1 [3]

  (iii) Use the birth rate and death rate data in Fig. 5.1 to explain the different trends in 
population for Africa and Europe.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [3]

Africa: 2080 = 3 700 000 thousand, 2028 = 1 600 000 thousand
increase = 2 100 000 thousand
2 100 000 ÷ 52 years = 40 385 thousand year-1

4.0 × 104

Africa's population increases because there are more births than deaths:

Africa's birth rate is always higher than its death rate and always higher

than Europe's birth rate.

Europe's population decreases (after about 2028) because there are more

deaths than births: Europe's death rate rises above its birth rate and is now

higher than Africa's death rate.
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 (b) Fig. 5.2 shows the total cereal production in Africa and cereal imports into Africa in the period 
1960–2010.
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Fig. 5.2

  (i) Explain why cereals are staple foods in many African countries.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) Discuss to what extent the data in Fig. 5.2 explain the changes in death rates in Africa 
shown in Fig. 5.1.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

Cereal grains (the endosperm) are rich in starch, so they are a good

source of carbohydrate for energy; cereals can grow in hot climates and

can be made into bread.

The increase in cereal production and imports correlates with the decrease

in the death rate in Africa, as more people have enough food, so fewer

die of malnutrition.

However, correlation is not causation: other factors, e.g. improved

healthcare, vaccination and sanitation, also reduce the death rate.
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 (c) Using Fig. 5.1 and Fig. 5.2, as well as your own knowledge, what can you conclude about the 
potential risks to food security and sustainability in Africa?

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [5]

Food security means everyone has access to enough safe and nutritious food.

Africa's population is projected to rise to over 4 000 000 thousand by 2080,

so there will be a much greater demand for food and an increased risk to

food security: it is less likely that food can be supplied to everyone.

Cereal production has increased, but imports have also increased, so Africa

depends on imported food, which may not be safe.

A rising population makes sustainable farming practices less likely to be

maintained. Increasing cereal production uses more monoculture, which reduces

biodiversity and genetic diversity, and more pesticides kill other insects and

herbicides kill other plants.
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6 The hormone erythropoietin (EPO) is produced by the kidneys.

 (a) (i) Which cells in the body are targeted by EPO?

 ...................................................................................................................................... [1]

  (ii) What change in conditions within the body would lead to an increase in the production of 
EPO?

 ...................................................................................................................................... [1]

 (b) EPO can now be produced using recombinant DNA methods. The product is called rhEPO 
and has been used by athletes to enhance performance. This ‘blood doping’ has been banned 
since the early 1990s and anti-doping agencies have used a combination of blood and urine 
tests to detect the illicit use of rhEPO.

  (i) Suggest how the use of rhEPO can be detected in a blood sample.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) Suggest why it has been difficult to determine the illicit use of rhEPO in the past.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

bone marrow (stem cells)

a decrease in the partial pressure of oxygen in the blood

Measure the number of red blood cells, e.g. by flow cytometry: an

unusually high number of red blood cells indicates the use of rhEPO.

Or use (fluorescent) antibodies specific to rhEPO, e.g. an ELISA, to

detect it.

rhEPO is identical to the body's normal EPO, so it is hard to tell the two

apart.

Normal EPO concentrations vary between people and over time, so it is

difficult to know when rhEPO has been added.
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 (c) Patients who suffer from chronic kidney disease (CKD) often develop anaemia, the blood 
disorder that can occur when the body has fewer erythrocytes than normal.

  (i) rhEPO can be used in the treatment of anaemia.

   Explain why the normal action of EPO in the body makes it useful as a treatment for 
anaemia.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Suggest why CKD patients often develop anaemia.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (iii) CKD can also trigger cardiovascular disease.

   Explain how.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [3]

EPO stimulates the bone marrow to produce more red blood cells

(erythrocytes).

The damaged kidney no longer produces sufficient EPO, so fewer red blood

cells are produced.

Also blood is lost during haemodialysis, and red blood cells may be

filtered into the urine.

Kidney disease causes increased production of renin. Renin catalyses the

conversion of angiotensinogen to angiotensin, which causes

vasoconstriction, so blood pressure increases (hypertension).

High blood pressure damages the endothelium of arteries, causing

atherosclerosis and so CHD.
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  (iv) Darbepoetin alfa can also be used to treat CKD. It is a molecule with a similar structure 
to rhEPO.

   Researchers injected a group of CKD patients with either darbepoetin alfa or rhEPO. 
They measured the concentration of each drug in patients’ blood for up to 96 hours after 
injection.

   Their results are shown in Fig. 6.
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   A student looking at Fig. 6 stated:

   After one day, there is five times more darbepoetin alfa than rhEPO remaining in 
the blood of patients.

   Use Fig. 6 to calculate whether the student’s statement is correct.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

 (d) CKD patients that develop kidney failure can be treated by dialysis, but this is not a cure. A 
kidney transplant can remove the need for dialysis. However, transplantation carries the risk 
of rejection of the transplanted kidney.

  Describe how it might be possible to overcome rejection of a transplanted kidney in the future.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [3]

END OF QUESTION PAPER

at 24 hours (one day):

darbepoetin alfa = 5.0 ng cm-3,  rhEPO = 1.6 ng cm-3

5.0 ÷ 1.6 = 3.1

The student is incorrect: there is only about 3.1 times more darbepoetin

alfa than rhEPO after one day, which is less than five times more.

Match the antigens (MHC, tissue type) of donor and recipient more

accurately.

In future, use the patient's own stem cells, e.g. induced pluripotent stem cells

(iPSCs), which could differentiate into kidney cells (therapeutic cloning).

These are genetically identical, so are seen as 'self' and not rejected.
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s) 
must be clearly shown in the margin(s).
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