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Name:	
  ______________________________________	
   	
   	
   	
   Date:	
  ______________________	
  
	
  
Part	
  A:	
  simple	
  questions	
  on	
  basic	
  biology,	
  with	
  multiple	
  choice	
  answer	
  (cross	
  or	
  underline	
  
the	
  correct	
  answer,	
  1	
  point	
  for	
  each	
  correct	
  answer)	
  
	
  
1.	
  The	
  main	
  constituent	
  of	
  the	
  cell	
  membrane	
  is	
  
	
   A.	
  a	
  strong	
  polymer	
  	
  
	
   B.	
  hyaluronic	
  acid	
  
	
   C.	
  ATP	
  
	
   D.	
  a	
  phospholipidic	
  bilayer	
  
	
   E.	
  DNA	
  
	
  
2.	
  Proteins	
  are	
  assembled	
  by	
  	
  
	
   A.	
  the	
  Golgi	
  apparatus	
  
	
   B.	
  the	
  ribosomes	
  
	
   C.	
  the	
  lysosomes	
  
	
   D.	
  the	
  cytoplasm	
  
	
   E.	
  the	
  nucleus	
  
	
  
3.	
  How	
  big	
  is	
  a	
  human	
  cell	
  (order	
  of	
  magnitude)?	
  	
  
	
   A.	
  10	
  nm	
  
	
   B.	
  100	
  nm	
  
	
   C.	
  1	
  µm	
  
	
   D.	
  10	
  µm	
  
	
   E.	
  100	
  µm	
  
	
  
4.	
  Mutations	
  in	
  stem	
  cells	
  affect	
  	
  	
  	
  
	
   A.	
  the	
  human	
  organism	
  only	
  
	
   B.	
  future	
  generations	
  only	
  
	
   C.	
  both	
  the	
  organism	
  and	
  future	
  generations	
  
	
  
5.	
  DNA	
  synthesis	
  occurs	
  during	
  the	
  	
  
	
   A.	
  G1	
  phase	
  
	
   B.	
  S	
  phase	
  
	
   C.	
  G2	
  phase	
  
	
   D.	
  M	
  phase	
  
	
  	
  	
  	
  
6.	
  The	
  human	
  genome	
  has	
  the	
  following	
  number	
  of	
  base	
  pairs	
  
	
   A.	
  5·104	
  
	
   B.	
  3·107	
  
	
   C.	
  3·109	
  
	
   D.	
  6·109	
  
	
   E.	
  3·1010	
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Part	
  B:	
  further	
  simple	
  questions	
  on	
  basic	
  biology	
  (provide	
  a	
  short	
  written	
  answer,	
  up	
  to	
  2	
  
points	
  for	
  each	
  correct	
  answer)	
  
	
  
7.	
  What	
  is	
  the	
  correct	
  pairing	
  of	
  the	
  four	
  bases	
  in	
  DNA?	
  
	
  
	
  
	
  
	
  
8.	
  What	
  is	
  chromatin?	
  	
  
	
  
	
  
	
  
	
  
9.	
  What	
  is	
  a	
  double-­‐strand	
  break?	
  
	
  
	
  
	
  
	
  
10.	
  What	
  is	
  an	
  exon?	
  	
  
	
  
	
  
	
  
	
  
Part	
  C:	
  basic	
  questions	
  on	
  the	
  interaction	
  of	
  radiation	
  with	
  cells	
  (either	
  mark	
  the	
  correct	
  
answer	
  or	
  provide	
  a	
  short	
  written	
  answer,	
  up	
  to	
  2	
  points	
  for	
  each	
  correct	
  answer)	
  
	
  
11.	
  Which	
  is	
  the	
  correct	
  formula	
  for	
  stopping	
  power	
  (from	
  the	
  elementary	
  derivation,	
  
without	
  the	
  relativistic	
  correction	
  terms)?	
  
	
  

	
   A.	
  
  
− dE

dx
= Kz2ρ Z

A
β 2 ln

mec
2γ 2β 2

2π I
	
  

	
   B.	
  
  
− dE

dx
= Kρ Z

Az2

1
β 2 ln

mec
2γ 2β 2

2π I
	
  

	
   C.	
  
  
− dE

dx
= Kz2ρ Z

A
1
β 2 ln

mec
2γ 2β 2

2π I
	
  

	
   D.	
  
  
− dE

dx
= Kz2ρ A

Z
1
β 2 ln

mec
2γ 2β 2

2π I
	
  

	
  
12.	
  What	
  is	
  the	
  difference	
  between	
  stopping	
  power	
  and	
  LET?	
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13.	
  What	
  is	
  the	
  difference	
  between	
  direct	
  and	
  indirect	
  radiation	
  damage?	
  
	
  
	
  
	
  
	
  
	
  
14.	
  What	
  does	
  the	
  enzyme	
  superoxide	
  dismutase	
  do?	
  
	
  
	
  
	
  
	
  
	
  
15.	
  What	
  is	
  the	
  oxygen	
  effect?	
  
	
  
	
  
	
  
	
  
	
  
16.	
  What	
  is	
  the	
  role	
  of	
  the	
  α	
  and	
  β	
  coefficients	
  in	
  the	
  linear-­‐quadratic	
  law?	
  What	
  does	
  the	
  
α/β	
  ratio	
  mean?	
  	
  
	
  
	
  
	
  
	
  
	
  
17.	
  A	
  trivial	
  question:	
  consider	
  the	
  following	
  figures,	
  which	
  represent	
  survival	
  curves.	
  
How	
  do	
  these	
  survival	
  curves	
  differ?	
  Motivate	
  your	
  answer.	
  	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  

Cell survival curves 43

thus correcting for the efficiency with which
undamaged clonogenic cells are detected and for
the different numbers of cells plated. Surviving
fraction is often given as a percentage (10 per cent
in this case).

The above description started with a suspen-
sion of tumour cells. In order to measure in vivo
cell survival we take two groups of experimental
tumours (often subcutaneously implanted tumours
in mice), irradiate one and keep the other as a
control; then, some time after irradiation, we
make cell suspensions from both groups and plate
them out under identical conditions as before.
The difference here is that the cells are irradiated
under in vivo conditions.

Although colony assays have formed a central
place in tumour radiobiology they are not with-
out artefacts. Bearing in mind that the numbers of
cells plated will often differ between control and
treated cultures, a key question is whether colony
counts increase linearly with the number of cells
plated. If they do not, then this will lead to errors
in cell survival. The colonies in Fig. 4.2 have been
drawn to illustrate a feature of colony assays that
was mentioned in the previous section. Irradiation

not only reduces the colony numbers, it also
increases the number of small colonies. Some of
these small colonies may represent clones that
eventually die out; others may arise from cells that
have suffered non-lethal injury that reduces colony
growth rate. Unless they reach the accepted cut-
off of 50 cells they will not be counted, although
their implications for the evaluation of radiation
effects on tumours may be worthy of greater
attention (Seymour and Mothersill, 1989).

4.3 CELL SURVIVAL CURVES

A cell survival curve is a plot of surviving fraction
against dose (of radiation, cytotoxic drug or other
cell-killing agent). Figure 4.3a shows that when
plotted on linear scales the survival curve for cells
irradiated in tissue culture is often sigmoid: there
is a shoulder followed by a curve that asymptoti-
cally approaches zero survival. To indicate the sen-
sitivity of the cells to radiation we could just read
off the dose that kills say 50 per cent of the cells.
This is sometimes called the ED50 (i.e. effect dose
50 per cent). Sometimes ED90 is used. In doing
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Figure 4.3 A typical cell survival curve for cells irradiated in tissue culture, plotted (a) on a linear survival scale. 
(b) The same data plotted on a logarithmic scale.
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Part	
  D:	
  this	
  part	
  contains	
  discussions	
  on	
  a	
  radiobiology	
  argument	
  highly	
  relevant	
  to	
  
radiotheraphy.	
  Provide	
  answers	
  as	
  requested	
  in	
  the	
  text.	
  (up	
  to	
  2	
  points	
  for	
  each	
  correct	
  
answer)	
  
	
  
18.	
  We	
  begin	
  with	
  the	
  Biologically	
  Effective	
  Dose	
  (BED)	
  as	
  defined	
  during	
  the	
  course:	
  
find	
  the	
  BED	
  for	
  a	
  treatment	
  40F	
  x	
  1.5Gy/8	
  weeks,	
  both	
  for	
  early	
  (α/β	
  ≈	
  10)	
  and	
  for	
  late	
  
responding	
  tissues	
  (α/β	
  ≈	
  3).	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
19.	
  Now	
  we	
  consider	
  the	
  effects	
  of	
  repopulation,	
  i.e.,	
  tumor	
  cell	
  regrowth,	
  in	
  a	
  treatment	
  
with	
  a	
  total	
  dose	
  D	
  that	
  takes	
  a	
  total	
  time	
  T	
  and	
  such	
  that	
  repopulation	
  does	
  not	
  begin	
  
until	
  time	
  Tk	
  (k	
  stands	
  for	
  "kickoff",	
  i.e.,	
  "kickoff	
  time"	
  in	
  this	
  case)	
  
	
  

• write	
  down	
  the	
  explicit	
  expression	
  for	
  the	
  surviving	
  fraction	
  after	
  a	
  total	
  dose	
  D	
  
	
  
	
  
	
  
	
  

• after	
  the	
  kickoff	
  time,	
  the	
  population	
  of	
  tumor	
  cells	
  restarts	
  its	
  growth:	
  write	
  
down	
  the	
  expression	
  of	
  the	
  exponential	
  growth	
  factor,	
  assuming	
  a	
  population	
  
doubling	
  time	
  Tp	
  
	
  
	
  
	
  
	
  

• combine	
  the	
  two	
  factors	
  to	
  obtain	
  an	
  overall	
  factor	
  
	
  
	
  
	
  
	
  

• take	
  the	
  logarithm	
  and	
  divide	
  by	
  α,	
  to	
  obtain	
  a	
  new	
  definition	
  of	
  the	
  BED	
  that	
  
takes	
  into	
  account	
  tumor	
  cell	
  repopulation	
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Answers	
  
	
  
Part	
  A	
  
	
  
1.	
  D;	
  	
  2.	
  B;	
  	
  3.	
  D;	
  	
  4.	
  A.;	
  	
  5.	
  B;	
  6.	
  C	
  
	
  
Part	
  B	
  
	
  
7.	
  A-­‐T,	
  G-­‐C	
  
8.	
  It	
  is	
  a	
  packaged	
  form	
  of	
  DNA	
  that	
  consists	
  mainly	
  of	
  DNA	
  and	
  proteins	
  
9.	
  It	
  is	
  a	
  break	
  in	
  both	
  strands	
  of	
  DNA	
  
10.	
  It	
  is	
  a	
  coding	
  (meaningful)	
  part	
  of	
  DNA.	
  This	
  is	
  in	
  contrast	
  to	
  introns,	
  which	
  are	
  
the	
  noncoding	
  parts	
  of	
  DNA.	
  	
  
	
  
Part	
  C	
  
	
  
11.	
  The	
  correct	
  answer	
  is	
  C.	
  This	
  can	
  be	
  inferred	
  from	
  the	
  dependence	
  on	
  the	
  
parameters	
  in	
  front	
  of	
  the	
  logarithm.	
  	
  
	
  
12.	
  Stopping	
  power	
  works	
  for	
  charged	
  particles	
  only,	
  while	
  LET	
  is	
  defined	
  for	
  any	
  
particle	
  beam,	
  and	
  this	
  includes	
  photons	
  and	
  neutrons.	
  	
  
	
  
13.	
  Radiation	
  can	
  act	
  on	
  molecules	
  –	
  like	
  DNA	
  and	
  proteins	
  –	
  directly,	
  by	
  breaking	
  
chemical	
  bonds.	
  It	
  can	
  also	
  produce	
  radiochemical	
  species	
  that	
  act	
  as	
  mediators,	
  and	
  
attack	
  cellular	
  components	
  –	
  and	
  again	
  DNA	
  and	
  proteins	
  are	
  among	
  the	
  targets.	
  
	
  
14.	
  SOD	
  transforms	
  the	
  superoxide	
  anion	
  O2-­‐	
  into	
  hydrogen	
  peroxide.	
  	
  
	
  
15.	
  The	
  oxygen	
  effect	
  is	
  the	
  enhancement	
  in	
  the	
  killing	
  action	
  of	
  radiation	
  due	
  to	
  the	
  
presence	
  of	
  oxygen.	
  
	
  
16.	
  The	
  alpha	
  coefficient	
  corresponds	
  to	
  the	
  linear	
  dependence	
  on	
  total	
  dose	
  of	
  the	
  
exponent	
  in	
  the	
  survival	
  probability.	
  The	
  beta	
  coefficient	
  is	
  related	
  instead	
  to	
  the	
  
quadratic	
  dependence.	
  The	
  higher	
  the	
  ratio	
  α/β,	
  the	
  greater	
  the	
  importance	
  of	
  the	
  
linear	
  term.	
  Since	
  the	
  quadratic	
  term	
  is	
  associated	
  to	
  the	
  probability	
  of	
  repeated	
  
damage,	
  and	
  this	
  is	
  smaller	
  for	
  cells	
  with	
  short	
  proliferation	
  times,	
  then	
  we	
  observe	
  
smaller	
  values	
  of	
  this	
  ratio	
  for	
  cells	
  with	
  slow	
  proliferation,	
  and	
  higher	
  values	
  for	
  
cells	
  with	
  fast	
  proliferation.	
  Since	
  cells	
  with	
  slow	
  proliferation	
  also	
  display	
  the	
  
adverse	
  effects	
  of	
  radiation	
  on	
  longer	
  timescales,	
  they	
  are	
  called	
  "late	
  responding".	
  
Likewise,	
  cells	
  which	
  proliferate	
  fast	
  are	
  called	
  "early	
  responding".	
  	
  
	
  
17.	
  The	
  curves	
  represent	
  the	
  same	
  data,	
  but	
  the	
  curve	
  on	
  the	
  right	
  has	
  a	
  logarithmic	
  
vertical	
  scale.	
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18.	
  Starting	
  from	
  the	
  linear-­‐quadratic	
  model	
  	
  
	
  
S = exp −αD − βD2( ) 	
  	
  
	
  
we	
  define	
  a	
  Biologically	
  Effective	
  Dose	
  for	
  fractioned	
  treatments	
  of	
  N	
  doses	
  d	
  and	
  
total	
  dose	
  D	
  =	
  Nd:	
  	
  
	
  

BED = D 1+ d
α β

⎛
⎝⎜

⎞
⎠⎟
	
  	
  

	
  
In	
  this	
  case	
  N	
  =	
  40;	
  d	
  =	
  1.5	
  Gy;	
  so	
  that	
  the	
  total	
  dose	
  is	
  D	
  =	
  60	
  Gy,	
  and	
  it	
  is	
  delivered	
  
over	
  8	
  weeks	
  (7.5	
  Gy/week).	
  Then	
  	
  
	
  

BED = 60Gy 1+ 1.5Gy
3Gy

⎛
⎝⎜

⎞
⎠⎟
= 90Gy 	
   (late	
  responding)	
  

BED = 60Gy 1+ 1.5Gy
10Gy

⎛
⎝⎜

⎞
⎠⎟
= 69Gy 	
   (early	
  responding)	
  

	
  
19.	
  The	
  surviving	
  fraction	
  is,	
  as	
  above	
  
	
  
S = exp −αD − βD2( ) 	
  
	
  
After	
  the	
  kickoff	
  time,	
  the	
  tumor	
  cell	
  population	
  grows	
  and	
  is	
  amplified	
  by	
  the	
  
exponential	
  factor	
  	
  
	
  

exp T −Tk
Tp ln2

⎛
⎝⎜

⎞
⎠⎟
	
  

	
  
Therefore	
  at	
  the	
  end	
  of	
  the	
  total	
  time	
  T,	
  we	
  find	
  that	
  the	
  tumor	
  cell	
  population	
  has	
  
been	
  multiplied	
  times	
  the	
  factor	
  
	
  

exp −αD − βD2( )exp T −Tk
Tp ln2

⎛
⎝⎜

⎞
⎠⎟
= exp −αD − βD2 + T −Tk

Tp ln2
⎛
⎝⎜

⎞
⎠⎟
	
  

	
  
and	
  after	
  easy	
  passages	
  we	
  find	
  a	
  modified	
  definition	
  of	
  BED,	
  that	
  takes	
  into	
  account	
  
the	
  total	
  treatment	
  time	
  
	
  

BED = D 1+ d
α β

⎛
⎝⎜

⎞
⎠⎟
− T −Tk
α Tp ln2

	
  

	
  


