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ABSTRACT

This th e s is  in v e s t ig a te s  the ro le  o f  e n d o th e l ia l  c e l l  adhesion 

molecules in  the process o f  renal t r a n s p la n ta t io n ,  both by an i n - v i t r o  c e l l  

c u l tu r e  system using human u m b i l ic a l  ve in  e n d o th e l ia l  c e l l s  (HUVECS) and 

in - v iv o  by im m unoh is to log ica l a n a ly s is  o f  b iops ies  taken from renal 

a l l o g r a f t s .

In Chapter 1 the c l i n i c a l  problems assoc ia ted w i th  renal f a i l u r e  and 

renal t r a n s p la n ta t io n  are reviewed as w e l l  an h i s t o r i c a l  pe rspe c t ive  o f  

renal t r a n s p la n ta t io n  and an overv iew o f  the immunological problems which 

may occur in  a renal a l l o g r a f t .

The c e l l u l a r  and molecu lar mechanisms invo lved  in  the in f lammatory  

process are reviewed in  Chapter 2, w i th  p a r t i c u l a r  re fe rence  to  the r o le  o f  

e n d o th e l ia l  c e l l  adhesion molecules and in f lammatory  cy tok in es .  In - v iv o  

s tud ies  o f  c e l l  adhesion molecules are a lso  reviewed. In Chapter 3 the 

m a te r ia ls  and methods employed are recorded.

In Chapter 4 s tud ies  o f  e n d o th e l ia l  c e l l  adhesion molecule expression 

as measured by f lo w  cy tom etry  o f  HUVECS, w i th  or w i th o u t  cy tok in e  

s t im u la t io n ,  are presented, showing th a t  d i f f e r e n t  adhesion molecules are 

expressed under d i f f e r e n t  c o n d i t io n s  and a t  d i f f e r e n t  t imes.

Chapter 5 in v e s t ig a te s  two assays f o r  the  measurement o f  

polymorphonuclear leucocy te ,  (PMN), adhesion to  HUVECS. A ra d io a c t iv e  

chromium re lease assay i s  used in  p re fe rence to  one employing Rose Bengal 

dye. The optimum assay c o n d i t io n s  are in v e s t ig a te d  and used to  produce a 

normal range f o r  adhesion o f  PMN's from normal su b je c ts .

Adhesion o f  PMN's from renal t ra n s p la n t  and haemodia lys is  p a t ie n ts  is  

compared to  t h a t  o f  normals in  Chapter 6, showing t h a t  PMN's from 

t ra n s p la n t  and haemodia lys is  p a t ie n ts  demonstrate increased adherence to  

HUVECS.

Chapter 7 in v e s t ig a te s  the  expression and d i s t r i b u t i o n  o f  e n d o th e l ia l



c e l l  adhesion molecules on b iop s ies  taken from renal a l l o g r a f t s  both pre 

and post t r a n s p la n ta t io n .  The d i s t r i b u t i o n  o f  adhesion molecules w i th in  the  

kidney i s  re la te d  to  c l i n i c a l  events and shows th a t  t h e i r  expression a l t e r s  

in  d i f f e r e n t  p a th o lo g ic a l  s ta te s .

Chapter 8 i s  a general d iscuss ion  o f  the r e s u l t s  o f  the  experimental

work.
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Chapter One

In t ro d u c t io n

1.1 H i s to r i c a l  Perspec t ives

L i t t l e  more than t h i r t y  years ago, the fa te  o f  the  p a t ie n t  who 

developed i r r e v e r s i b l e  renal f a i l u r e  was u n iv e rs a l ;  they d ied . The advent 

o f  d i a l y s i s  and renal t r a n s p la n ta t io n  as forms o f  renal replacement therapy 

have al lowed many o f  these p a t ie n ts  to  su rv iv e .  The ac tua l numbers o f  

people who d ie  from renal f a i l u r e  i s  d i f f i c u l t  to  c a lc u la te  because many 

may d ie  in  the community w i th o u t  a d iagnos is  being made. However, i t  i s  

es t im ated th a t  about two hundred p a t ie n ts  per m i l l i o n  o f  popu la t io n  in  the  

USA d ie  annua l ly  from renal f a i l u r e  a lthough t h i s  inc ludes  deaths from 

malignancies o f  the  renal t r a c t  (Burton and Hirschuan, 1979). The ra te  o f  

p a t ie n ts  p resen t ing  in  end stage renal f a i l u r e  who are s u i ta b le  f o r  renal 

replacement the rapy v a r ie s  from around one hundred p a t ie n ts  per m i l l i o n  

(Luke, 1983) to  f i f t y  two p a t ie n ts  per m i l l i o n  i f  p a t ie n ts  over s i x t y  f i v e  

are excluded (Pendreigh e t  a l ,  1972). There are geographica l v a r i a t io n s  in  

p re sen ta t ion  and o the r  f a c to r s  which in f lu e n c e  how many p a t ie n ts  are on 

renal replacement therapy programmes in  d i f f e r e n t  c o u n t r ie s ,  which in c lud e  

a t t i t u d e s  to  d ia b e t ic s ,  f i n a n c ia l  im p l ic a t io n s  and p o l i t i c a l  dogma.

In the Un ited Kingdom, the  number o f  p a t ie n ts  per m i l l i o n  o f  

popu la t io n  t re a te d  have r ise n  in  the  past twenty years d ra m a t ic a l ly  a f t e r  

i t  was shown th a t  fewer than f o r t y  p a t ie n ts  per m i l l i o n  were on renal 

replacement programmes, a number s im i l a r  w i th in  the  European Community to  

Greece and the former Yugos lav ia  and seventeenth o v e ra l l  in  Europe (Wing, 

1983). C u r re n t ly  around 200 p a t ie n ts  per m i l l i o n  o f  p o pu la t io n  are t re a te d  

on renal replacement therapy programmes in  the  Un ited Kingdom. However,



the  UK does t ra n s p la n t  a la rg e  number o f  p a t ie n ts  compared to  the re s t  o f  

Europe (Rosansky and Eggers, 1987).

1.2 Renal Replacement Therapy

As the g lom eru la r  f i l t r a t i o n  ra te  f a l l s  below 10 ml/min the  p a t ie n t  

s t a r t s  to  become p ro g re s s iv e ly  uraemic. The in d iv id u a l  p a t i e n t ' s  p r o f i l e ,  

in c lu d in g  t h e i r  c l i n i c a l  s ta te ,  b iochemical parameters and so c ia l  

c ircumstances d i c ta t e  when renal replacement therapy should s t a r t  and which 

m oda l i ty  i s  most ap p ro p r ia te .  In p ra c t i c e ,  haemodia lys is  and renal 

t r a n s p la n ta t io n  m a in ta in  the la rg e s t  numbers o f  p a t ie n ts  w i th  end stage 

renal f a i l u r e ,  but p e r i to n e a l  d i a l y s i s  i s  in c re a s in g ly  favoured and 

h a e m o f i I t r a t io n  i s  a lso  an e f f e c t i v e  t rea tm ent.

The d i a l y s i s  o f  blood from uraemic dogs was f i r s t  described by Abel 

in  1913 (Abel e t  a l ,  1914), and in  humans by Haas in  1925 (Haas, 1925).

The development o f  the  modern d i a l y s i s  membrane, a l lo w in g  removal o f  

s o lu tes  by d i f f u s io n  across a semi-permeable membrane, was by K o l f f  in  1944 

using ce l lophane ( K o l f f  and Berk, 1944). P a t ie n ts  could be d ia lyse d  using 

g lass  cannulae but the  vesse ls  were s a c r i f i c e d  a f t e r  each d i a l y s i s  and t h i s  

cou ld on ly  be a very  sho r t  term o p t io n  t o  a l low  n a t iv e  kidneys to  recover 

from acute renal f a i l u r e .  Longer term haemodia lysis was made po s s ib le  by 

the  in t r o d u c t io n  o f  the  S cr ibne r  Shunt (Quin ton e t  a l ,  1960). U n fo r tu n a te ly  

the re  i s  a h igh ra te  o f  vessel in f e c t io n  and thrombosis which leads to  the 

shunts f a i l u r e  and l i m i t s  i t s  usefu lness o v e r a l l .  However, i t  d id  a l lo w  

long term renal replacement the rapy  to  become widespread and c o n t r ib u te d  

s i g n i f i c a n t l y  to  the  development o f  renal t r a n s p la n ta t io n .

The development o f  the  a r t e r i o  venous f i s t u l a  by Bresc ia  and Cimino 

in  1966 prov ided safe and r e l i a b l e  access f o r  haemodia lys is  (B res ica  e t  a l ,  

1966). In t h i s  op e ra t ion  the ce p h a l ic  ve in  i s  anastomosed to  the r a d ia l  

a r t e r y  a t  the  w r i s t .  The t im e i t  takes f o r  a f i s t u l a  t o  mature, u s u a l ly



between fo u r  to  e ig h t  weeks, can be covered by the use o f  modern types o f

percutaneous subc lav ian  ve in  c a th e te r .  The development o f  the w r i s t

f i s t u l a  owed much to  the  p ioneer ing  work o f  Carre l in  the  development o f

vascu la r  s u tu r in g  techniques e a r l i e r  in  the cen tu ry  (C a r re l ,  1902).

The p r i n c ip le  o f  d i a l y s i s  revo lves  around d i f f u s io n  o f  s o lu tes  from 

areas o f  high c o n c e n tra t ion  ( in  the  blood) to  areas o f  low concen tra t ion  

( d i a l y s i s  f l u i d )  across a semi- permeable membrane ( th e  d i a l y s i s  membrane). 

Thus, uremic to x in s ,  water and e l e c t r o l y te s  such as potassium can be 

removed from the blood across membranes u s u a l ly  o f  cuprophane or c e l lu lo s e  

ace ta te  arranged in  p a r a l le l  p la te s ,  ho l low  tubes or ho l low  f i b r e ,  through 

which the blood passes and around which the d i a l y s i s  f l u i d  f low s .  Many 

v a r ia t io n s  on the  theme o f  the  a r t i f i c i a l  k idney are now a v a i la b le  to  s u i t  

i n d iv id u a l  p a t i e n t ' s  needs (Hoenich and Kerr ,  1983).

An a l t e r n a t i v e  to  the  removal o f  so lu tes  by d i f f u s io n ,  as in  

haemodia lys is ,  i s  to  remove them by convec t ion .  Th is  i s  c a l le d  

h a e m o f i I t r a t io n  and works by slow cont inuous u l t r a f i l t r a t i o n  o f  blood.

This  avoids rap id  osmotic s h i f t s  and episodes o f  hypotension. I t  i s  used 

p a r t i c u l a r l y  in  haemodynamically uns tab le  p a t ie n ts  such as those w i th  

m u l t ip le  organ f a i l u r e  or seps is .  A f i l t r a t e  o f  b lood i s  obta ined by 

h y d ro s ta t ic  pressure across a d i f f e r e n t i a l l y  permeable membrane w i th  the 

f i l t r a t e  running to  waste. The f i l t e r e d  blood i s  then re c o n s t i tu te d  w i th  a 

s t e r i l e  f l u i d  resembling the  lo s t  e x t r a c e l l u la r  f l u i d  but w i th o u t  the 

uremic to x in s  ( M i l l e r  e t  a l ,  1990). The system was developed f o r  removal 

o f  h igher m olecu lar we ight to x in s  c lea red  p o o r ly  by conven tiona l 

haemodia lys is  (Q ue lhors t  e t  a l ,  1977) and is  very e f f i c i e n t .  However, i t  

req u ire s  the volume o f  the  replacement f l u i d  to  be between 20 and 40 l i t r e s  

and i t  t h e re fo re  cos ts  tw ice  as much as d i a l y s i s .  I t  i s  p a r t i c u l a r l y  

use fu l as trea tm ent f o r  acute renal f a i l u r e  because i t  can remove la rge  

volumes o f  f l u i d  e a s i l y  and has improved c a rd io vascu la r  s t a b i l i t y .



The idea o f  us ing the  p e r i to n e a l  membrane f o r  d i a l y s i s  i s  not q u i te  

as o ld  as haemodia lys is  but never the less  was accepted in  the 1950s (Odel e t  

a l ,  1960). However, the  technology t o  put the  theory  in  p ra c t i c e  d id  not 

r e a l l y  appear u n t i l  the  1970s when Tenckhoff described the  use o f  a s i l i c o n  

rubber ca th e te r  w i th  a Dacron c u f f  which could be implanted i n to  the 

p e r i to n e a l  c a v i t y  and s a fe ly  l e f t  in  s i t u  f o r  long pe r iods  o f  t ime 

(Tenckhoff  and Schechter, 1968). In 1976, the concept o f  le av in g  f l u i d  

w i th in  the  p e r i to n e a l  c a v i t y  f o r  long per iods  o f  t im e, long dwell t im e, was 

o r ig in a te d  by Popovich (Popovich e t  a l ,  1976) and t h i s ,  a l l i e d  w i th  the  use 

o f  p o ly v in y l  c h lo r id e  bags f o r  s torage o f  d i a l y s i s  f l u i d  (Oreopoulos e t  a l ,  

1976) made p e r i to n e a l  d i a l y s i s  a r e a l i t y  f o r  many p a t ie n ts .  The most usual 

form is  termed cont inuous ambulatory p e r i to n e a l  d i a l y s i s  or CAPD.

The technique f i r s t  in v o lv e s  the  s u rg ic a l  im p la n ta t io n  o f  a permanent 

t ranscutaneous s i l i c o n  c a th e te r  i n t o  the  p e r i to n e a l  c a v i t y  to  p rov ide  

access f o r  f l u i d  exchange. The d i a l y s i s  i s  performed by making between 

th ree  and f i v e  exchanges o f  approx im ate ly  2 l i t r e s  o f  d i a l y s i s  f l u i d  each 

day. Contro l o f  f l u i d  and e l e c t r o l y t e  balance i s  e s s e n t ia l l y  along s im i la r  

p r i n c ip le s  to  haem odia lys is .  Uremic to x in s  move from the blood supply in  

the  p e r i to n e a l  vesse ls  across the  p e r i to n e a l  membrane i n to  the  d i a l y s i s  

f l u i d .  F lu id  balance i s  regu la ted  by using va r ious  c o n cen tra t ion s  o f  

g lucose in  the  d i a l y s i s  f l u i d ,  and increased e l e c t r o l y t e  c learance from the 

blood i s  ach ieved by reducing the  c on cen tra t ion  o f  the  e l e c t r o l y t e  in  the 

d ia ly s a te .  Th is  form o f  d i a l y s i s ,  CAPD, i s  the main use o f  the  technique 

although cont inuous c y c l i c a l  p e r i to n e a l  d ia l y s i s  (CCPD) i s  a lso  used. In 

t h i s  method the f l u i d  i s  cyc led  in  and out o f  the  p e r i to n e a l  c a v i t y  

a u to m a t ic a l ly  by a mechanical device and has the advantage o f  being 

a v a i la b le  f o r  use a t  home a t  n ig h t ,  le av in g  the p a t ie n t  f r e e  from d ia l y s i s  

du r ing  the day.



1.3 Renal T ra n s p la n ta t io n

For s u i ta b le  p a t ie n ts ,  a successfu l renal t r a n s p la n t  i s  o f te n  the 

most s a t i s f a c to r y  form o f  renal replacement the rapy .  I t  improves the 

q u a l i t y  o f  l i f e  f o r  most r e c ip ie n t s ,  a l lo w in g  much g re a te r  freedom from 

h o s p i t a l i s a t i o n  and h o s p i ta l  care . Despite  the  expensive m ed ica tion, 

immunosuppression in  p a r t i c u l a r ,  req u ire d  by t r a n s p la n t  p a t ie n ts ,  

t r a n s p la n ta t io n  i s  much less  expensive than both CAPD or HD, c o s t in g  

between 20-30% o f  e i t h e r  a f t e r  the  f i r s t  year has pas t .

1.3 .1 H is to ry  o f  Renal T ra n s p la n ta t io n

The f i r s t  a ttem pts  a t  renal t r a n s p la n ta t io n  date back to  the 

beginn ing o f  the  cen tu ry .  Experimental work was pioneered by Ullman and 

D e cas te l lo  in  Vienna, who t ra n s p la n te d  the k idney o f  a dog from the abdomen 

to  i t s  neck vesse ls  and demonstrated some fu n c t io n .  They a lso  performed a 

dog to  goat t r a n s p la n t  which fu n c t ione d  f o r  a very sho r t  t im e. They a lso  

attempted to  anastomose a renal g r a f t  to  the c i r c u la t i o n  o f  a uremic 

p a t ie n t  but f a i l e d  due to  te c h n ic a l  reasons (Ullman, 1914).

Carre l 1, work ing in  Lyon under Jaboulay, es ta b l is h e d  the  modern 

method o f  vascu la r  s u tu r in g  in  h is  famous paper o f  1902. He went on to  

work in  America pe rfo rm ing a u to g ra f ts  o f  kidneys in  dogs and ca ts  and 

showing t h a t  a l l o g r a f t s  could fu n c t io n ,  a l b e i t  b r i e f l y .  He was awarded the  

Nobel P r ize  f o r  the  work in  1912 (C a r re l ,  1902).

The f i r s t  a t tem pt o f  t r a n s p la n ta t io n  in  humans was probably  by 

Jaboulay, im p lan t ing  kidneys from a p ig  and a goat to  the  arm or th ig h  o f  a 

p a t ie n t  w i th  renal f a i l u r e  (Jabou lay, 1906) but no fu n c t io n  ensued. Unger 

in  1909 t ra n s p la n te d  a kidney from a pr im ate  to  a c h i l d  dy ing from renal 

f a i l u r e ,  a lso  u n s ucce ss fu l ly  (Unger, 1910). Although the t r a n s p la n t  f a i l e d  

to  f u n c t io n ,  the  procedure represented an advance in  t h a t  an in t ra c o rp o re a l  

lo c a t io n  was used f o r  the  g r a f t  and the  d e s i r a b i l i t y  o f  ge ne t ic  s i m i l a r i t y



between donor and r e c ip ie n t  was recognised.

Because o f  the  la ck  o f  success in  t h i s  work in  terms o f  fu n c t io n ,  

i n t e r e s t  waned, a l though the te c h n ic a l  bas is  o f  t r a n s p la n ta t io n  had been 

es ta b l is h e d .  In 1949, a Ukranian surgeon, Vorony, repor ted  t r a n s p la n t  o f  

human cadaver ic  kidney to  humans, the  f i r s t  being performed in  1936. 

T e c h n ic a l ly  the op e ra t ions  were successfu l but again, no fu n c t io n  ensued 

(Voronoy, 1936).

The next advances came in  the  1950s w i th  the  growth in  knowledge in  

the  f i e l d  o f  immunology. The immunological bas is  o f  r e je c t io n  was f i r s t  

descr ibed by Gibson and Medawar in  the  1940s using a sk in  g r a f t  model 

(Gibson and Medawar, 1943). They showed th a t  sk in  g r a f t s  between syngeneic 

mice were accepted permanently , w h i le  a l lo g e n e ic  g r a f t s  s t im u la te d  an 

immune response in  the  host and were consequently destroyed ( r e je c te d ) ,  one 

to  th re e  weeks a f t e r  g r a f t i n g .  They a lso  showed th a t  mice in je c te d  a t  b i r t h  

w i th  a l lo g e n e ic  c e l l s  would subsequently  accept permanently  a sk in  g r a f t  

from the same donor s t r a in  and th a t  t h i s  s ta te  o f  unresponsivness, the  

f i r s t  experimental demonstra tion o f  immunological to le ra n c e ,  could be 

abo l ished , w i th  consequent r e je c t io n  o f  the  sk in  g r a f t ,  by i n je c t io n  o f  

host s t r a in  lymphocytes from a normal mouse or from one t h a t  had p re v io u s ly  

re je c te d  a g r a f t  from the a l lo g e n e ic  s t r a in .  Lymphocytes from the l a t t e r  

mouse induced more rap id  and in tense  g r a f t  r e je c t io n ,  showing t h a t ,  as a 

r e s u l t  o f  p re v io u s ly  r e je c t in g  an a l l o g r a f t ,  i t  had developed p e rs is ta n t  

immunity, manifested by the  r e a c t i v i t y  o f  i t s  lymphoid c e l l s .  Th is  e a r ly  

work suggested the  importance o f  c e l l  mediated immunity in  a l l o g r a f t  

r e je c t io n .  Simonsen, exper imenting  w i th  dog kidney t r a n s p la n ts ,  repor ted  on 

the  mechanism o f  k idney r e je c t io n  in  t h i s  model (Simonsen e t  a l ,  1953). 

Dempster, in  1953, demonstrated t h a t  the p o s i t io n in g  o f  a renal a l l o g r a f t  

in  the  p e lv is  was p re fe ra b le  t o  a s u p e r f i c i a l  s i t e  and demonstrated t h a t  an 

immunological mechanism was resp on s ib le  f o r  f a i l u r e .  He a lso  found t h a t



whole body i r r a d i a t i o n  o f  the  t r a n s p la n t  r e c ip ie n t  cou ld de lay r e je c t io n ,  

bu t not prevent i t  a l to g e th e r  (Dempster, 1953).

The modern t r a n s p la n t  era began w i th  g r a f t s  being performed a t  the 

Peter Bent Brigham H o s p i ta l ,  Boston by David Hume and co l leagues (Hume e t  

a l ,  1955), w i th o u t  immunosuppression. Hume used haemodia lys is  t o  prepare 

the  p a t ie n ts  and concluded th a t  p rev ious  blood t ra n s fu s io n  might be 

b e n e f i c ia l  and th a t  host b i l a t e r a l  nephrectomy was necessary f o r  c o n t ro l  o f  

p o s t - t r a n s p la n t  blood pressure . Small doses o f  s te ro id s  were used but not 

thought to  be s i g n i f i c a n t  in  g r a f t  s u r v i v a l .  In  1954 the group performed 

the f i r s t  t ra n s p la n t  between id e n t i c a l  tw in s ,  one s u f f e r in g  from renal 

f a i l u r e .  Th is was the f i r s t  human t ra n s p la n t  t o  fu n c t io n  and more tw in  to  

tw in  g r a f t s  were subsequently  performed w i th  good r e s u l t s  (Murray e t  a l ,  

1976). Dempsters work led  to  a ttem pts  a t  immunosuppression in  a v a r i e t y  o f  

cen tres  between 1959 and 1962 using whole body i r r a d i a t i o n ,  which led to  a 

l im i t e d  number o f  successes bu t  major problems in  the  re c ip ie n ts  due to  

overwhelming in fe c t i o n .  In 1958 doc to rs  t r a n s p la n t in g  bone marrow as a 

t rea tm ent f o r  leukaemia, unhappy w i th  the success ra te  o f  i r r a d i a t i o n ,  

reasoned th a t  a n t i - c a n c e r  drugs should be immunosuppressive. 1959 saw the 

p u b l ic a t io n  o f  a paper showing depressed immune responses in  r a b b i ts  

t re a te d  w i th  6 m ercap topur ine (6-MP), an a n t i  cancer drug (Schwartz and 

Dameshek, 1959). Th is  work was taken up by Roy Caine a t  the Royal Free 

H o s p i ta l ,  London,who showed th a t  6-MP extended g r a f t  fu n c t io n  in  a dog 

renal a l l o g r a f t  model where i r r a d i a t i o n  had f a i l e d  to  do so (Caine, 1960) 

and l a t e r  the use o f  a d e r i v a t i v e  o f  6-MP c a l le d  BW57/322, now known as 

a z a th io p r in e ,  was shown to  be s u i ta b le  f o r  human use. Though o r i g i n a l l y  

a z a th io p r in e  was used a lone, S ta rz l  in  Denver repor ted  improved r e s u l t s  by 

combining a z a th io p r in e  w i th  p redn iso lone  and by using l i v i n g  donors (S ta rz l  

e t  a l , 1963). T ra n s p la n ta t io n  was seen to  be successfu l and led to  the 

adoption o f  t h i s  regime as a s tandard therapy and g r e a t ly  encouraged the



f u r t h u r  development o f  t r a n s p la n ta t io n .

Along w i th  the  development o f  a z a th io p r in e ,  methods o f  t is s u e  ty p in g  

f i r s t  came in to  use in  1962 (Hamburger e t  a l ,  1962), improving g r a f t  

s u r v i v a l .  Dausset descr ibed an an t igen  MAC, la t e r  known as HL-A2, 

i d e n t i f i e d  by a number o f  a n t is e ra  from m u l t i - t r a n s fu s e d  p a t ie n ts .  Th is  was 

l a t e r  shown to  be p a r t  o f  the  major h i s t o c o m p a t ib i l i t y  complex in  man 

(HLA), (Dausset, 1980). In  1966 Kissmeyer-Niel sen demonstrated t h a t  the 

use o f  a d i r e c t  crossmatch between donor c e l l  and r e c ip ie n t  serum could 

lead to  a marked red uc t io n  in  the  number o f  cases o f  an t ibody  mediated 

hyperacute r e je c t io n  a t  the t im e o f  t r a n s p la n ta t io n  thus improving g r a f t  

s u rv iv a l  (K issmeyer-N ie lson e t  al 1966). The p a r a l le l  development o f  

t is s u e  matching and immunosuppressive the ra p ies  led  to  an extens ion o f  

g r a f t  s u rv iv a l  t im es , the  w ider  cho ice  o f  donor r e c ip ie n t  combinations and 

the  safe use o f  cadave r ic  k idneys. The 1970s saw the  es tab l ishm en t o f  

renal a l l o g r a f t s  as a acceptab ly  safe and e f f e c t i v e  form o f  renal 

replacement the rapy .

The next two major advances came towards the  end o f  the 1970s, f i r s t  

was the successfu l a p p l ic a t io n  o f  HLA-DR ty p in g  to  renal t r a n s p la n ta t io n  

(T ing and M o r r is ,  1978) and second was the  use o f  c y c lo s p o r in .  Cyc lospor in  

was the  f i r s t  immunosuppressive agent to  r i v a l  a z a th io p r in e  f o r  twenty 

years and i t s  success was proved again by now P ro f .  Roy Caine showing 

g r e a t ly  increased e f f i c a c y  over a z a th io p r in e  and p redn iso lone . Cyc lospor in  

has come to  rep lace the  o r i g in a l  regime e i th e r  a lone, or  in  combination 

w i th  p redn iso lone  and/or a z a th io p r in e  (Caine e t  a l ,  1978).

The r e s u l t s  o f  renal t r a n s p la n ta t io n  have improved d ra m a t ic a l ly  in  

the  la s t  t h i r t y  years. I n i t i a l l y  both p a t ie n t  and g r a f t  s u rv iv a l  were both 

near zero. Now a p a t ie n t  s u rv iv a l  o f  95% or more a t  one year w i th  g r a f t  

s u rv iv a l  o f  90% can be expected in  the  best cen tres .  These r e s u l t s  are 

de s p i te  the f a c t  t h a t  p a t ie n ts  w i th  h igh r i s k  concurren t  medical c o n d i t io n s

8



are being t ra n s p la n te d  compared to  years ago, when they  might have been 

considered u n f i t  f o r  t r a n s p la n ta t io n .  D iabe t ics  in  p a r t i c u l a r  come in to  

t h i s  ca tegory .  Much o f  the  success i s  due t o  b e t te r  pre  o p e ra t iv e  

p re pa ra t ion  o f  the  p a t ie n t  and o f  the  donor k idney. However, problems do 

occur and these f a l l  i n to  th re e  main c a te go r ies :  te c h n ic a l  problems,

in fe c t io u s  problems and immunological problems.

There are very  many te c h n ic a l  com p l ica t ion s  assoc ia ted  w i th  renal 

t r a n s p la n ta t io n  and t h i s  i s  beyond the  scope o f  t h i s  d iscuss ion  to  d e t a i l  

them a l l .  They in c lud e  thrombosis or rup tu re  o f  the renal a r t e r y  (B e lze r  e t  

a l ,  1972), renal a r t e r y  s ten os is  (Rankin e t  a l ,  1977), thrombosis o f  the 

renal ve in  (Merion and Caine, 1985), fo rm at ion  o f  lymphocele (Schweizer e t  

a l ,  1972), u r e te r i c  s lough ing and u r in a ry  f i s t u l a  (Lieberman e t  a l ,  1982, 

Glass e t  a l ,  1982), u r e te r i c  s ten os is  (S o l in g e r  e t  a l ,  1986), and b ladder 

leaks.

The success o f  renal t r a n s p la n ta t io n  depends on a compromise between 

ach iev ing  s u f f i c i e n t  immunosuppression to  avoid r e je c t io n  o f  the g r a f t  and 

m a in ta in in g  a le v e l  o f  immune competence s u f f i c i e n t  to  p ro te c t  the 

r e c ip ie n t  from in fe c t i o n .  In the  e a r ly  years o f  t r a n s p la n ta t io n ,  the 

ins tance  o f  severe and le th a l  i n f e c t io n  was high and d iscou rag ing ,  but in  

recent years a compromise has g ra d u a l ly  been reached so t h a t  cadaver ic  

renal t r a n s p la n ta t io n  now o f f e r s  e q u iv a le n t  p a t ie n t  s u rv iv a l  t o  

haemodia lys is .  The problem o f  in f e c t i o n ,  however, remains o f  cons iderab le  

concern and c o n t r ib u te s  s u b s t a n t ia l l y  to  the m o r t a l i t y  and m o rb id i ty  o f  - 

renal t r a n s p la n ta t io n .  A lthough most in fe c t io n s  in  the  renal t ra n s p la n t  

r e c ip ie n t  are caused by common pathogens, devas ta t ing  o p p o r tu n is t ic  

in fe c t io n s  occur s u f f i c i e n t l y  f r e q u e n t l y  to  re q u i re  a m u l t i - d i s c i p l i n a r y  

approach in v o lv in g  in fe c t io u s  disease experts  and s o p h is t ic a te d  

m ic ro b io lo g ic a l  backup (Cohen e t  a l ,  1978).

P a t ie n ts  are s u s c e p t ib le  to  in fe c t io n  f o r  many reasons. They are
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a lready  uremic and th e re fo re  immunosuppressed from th a t  cause. They are 

o f te n  anaemic and wasted due to  p ro te in  r e s t r i c t i o n .  They undergo a major 

s u rg ic a l  procedure and are l e f t  w i th  many po r ts  o f  e n t ry  f o r  in f e c t io n  such 

as u r in a ry  c a th e te rs ,  wound d ra in s  and in travenous c a th e te rs .  The g r a f t  

i t s e l f  may be pre -con tam ina ted du r ing  ha rv e s t in g .  The immunosuppressive 

drugs then b road ly  suppress immune competence. Other r i s k  f a c to r s  are 

age, d iabe tes ,  neu tropen ia  and h e p a t i t i s  (La Quaglia e t  a l ,  1981).

I t  i s  beyond the  scope o f  t h i s  d iscuss ion  to  d e t a i l  a l l  the s p e c i f i c  

in fe c t io n s  t h a t  renal t r a n s p la n t  p a t ie n ts  can c o n t ra c t .  The reader is  

r e fe r re d  to  a tex tbook  o f  m ic ro b io lo gy  and v i r o lo g y .

The immunological response t o  a renal a l l o g r a f t  can be seen in  terms 

o f  th ree  types o f  r e je c t io n :

Hyperacute r e je c t io n

Th is  occurs w i th in  a s h o r t  t im e a f t e r  the  k idney has been reperfused. 

The kidney may i n i t i a l l y  become p ink  and appa ren t ly  be fu n c t io n in g  w e l l  but 

w i th in  an hour or so i t  w i l l  become po o r ly  perfused, oedematous and cease 

to  fu n c t io n .  Th is i s  due to  the  presence o f  preformed a n t ib o d ie s  and these 

r e c i p ie n t ' s  serum ag a ins t  an t igens  on the  g r a f t .  A n t ib od ies  b ind to  the  

vascu la r  endothel ium, f i x  complement and cause in t ra v a s c u la r  thrombosis.  

Polymorphonuclear leucocy tes  i n f i l t r a t e  t is s u e  causing necros is  (M o r r is  and 

T ing, 1982). There i s  no t rea tm ent and the  g r a f t  should be removed.

Hyperacute r e je c t io n  i s  now very  unusual in  c l i n i c a l  p ra c t i c e  because 

o f  the ro u t in e  procedure o f  p re - t ra n s p la n t  crossmatch ing. R ec ip ien t  serum 

and donor c e l l s  are combined t o  de te c t  any preformed a n t ib o d ie s  be fo re  the 

g r a f t  i s  im p lanted. I f  the  crossmatch i s  p o s i t i v e  then a n t ib o d ie s  are 

presen t and the t r a n s p la n t  should not proceed.

Acute r e je c t io n

This  can occur any t im e from the  f i r s t  few days post t ra n s p la n t  

onwards. I t  i s  uncommon a f t e r  12-24 weeks but can occur a t  any t ime i f
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immunosuppression i s  stopped. The symptoms and s igns o f  acute r e je c t io n  

have been g r e a t ly  m od if ied  by the  use o f  c y c lo s p o r in .  W ithout 

immunosuppression acute r e je c t io n  causes the  c h a r a c t e r i s t i c  fe a tu res  o f  

mala ise , py re x ia ,  ta c h yca rd ia  and hypertens ion .  The g r a f t  i s  tender and 

swollen and th e re  i s  a reduc t ion  in  u r in e  ou tput w i th  a worsening o f  a l l  

b iochemical parameters o f  renal fu n c t io n .  With the use o f  cy c lo s p o r in  

r e je c t io n  episodes may be ' s i l e n t '  apa r t  from a steady d e te r io r a t io n  in  

b iochemical fu n c t io n .  The d iagnos is  should be made by needle b iopsy o f  the 

g r a f t  using u l trasound  guidance fo l low e d  by h i s to lo g ic a l  examinat ion.

Other in v e s t ig a t io n s  may help to  exclude the o ther  common causes o f  g r a f t  

d y s fu n c t io n .  U ltrasound scanning can e s ta b l is h  i f  any o b s t ru c t io n  to  

o u t f lo w  i s  p resen t.  Radio iso topes scanning can e s ta b l is h  i f  the g r a f t  

pe r fu s io n  has a l te re d  suggesting an a r t e r i a l  i n f lo w  problem. A r te r io g ra p h y  

may be in d ic a te d  i f  a renal a r t e r y  s ten os is  i s  suspected. However, 

h i s t o lo g ic a l  examination o f  a b iopsy from the  t r a n s p la n t  k idney remains the 

best way to  diagnose acute r e je c t io n .

The h i s to lo g ic a l  fe a tu re s  o f  acute r e je c t io n  f a l l  i n t o  two main 

ca te g o r ie s :  acute c e l l u l a r  r e je c t io n  and acute vascu la r  r e je c t io n .  In 

c e l l u l a r  r e je c t io n  la rg e  numbers o f  c y to to x ic  T-lymphocytes invade the  

i n t e r s t i t i u m  o f  the g r a f t ,  i n f i l t r a t i n g  and de s tro y in g  rena l tu b u le s .  In 

vascu la r  r e je c t io n  the  endothel ium becomes a c t iv a te d  w i th  adherent 

lymphocytes seen on the  c e l l  s u r face .  There is  vascu la r  nec ros is  and 

haemorrhage in to  the  kidney substance. Both c e l l u l a r  and vascu la r  

re je c t io n  may be present tog e the r  in  p a r t i c u l a r l y  severe cases. Untreated 

acute re je c t io n  w i l l  lead to  g r a f t  lo ss  q u i te  q u ic k ly ,  bu t w i th  prompt 

d iagnos is  and t rea tm ent on ly  minimal damage may occur.

Treatment o f  acute r e je c t io n  i s  by an increase o f  immunosuppression. 

Commonly, 0 .5  gm o f  m ethy lp redn iso lone  i s  given in t ra v e n o u s ly  f o r  th ree  

days. A high dose o f  o ra l  s te ro id s  may be used in s te ad .  Monoclonal
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an t ib o d ie s  (0KT3, Ci lag UK) o r  p o ly c lo n a l  an t ibody p re pa ra t ion s  (An t i  

Thymocyte G lo b u l in  [Merieux UK] or A n t i  Lymphocyte G lo b u l in  [Fresen ius UK]) 

are a lso  w ide ly  used f o r  the  t rea tm en t o f  s te ro id  r e s i s ta n t  acute r e je c t io n  

and are very e f f e c t i v e  a lthough have a h igher inc idence  o f  s ide  e f f e c t s  

no tab ly  increased r i s k  o f  i n fe c t io n  and de novo malignancy. Most cases o f  

acute re je c t io n  are re v e r s ib le  w i th  accommodation o f  the  a v a i la b le  a n t i  

r e je c t io n  drugs. However, la rge  increases in  immunosuppression leave the 

p a t ie n t  open to  in fe c t io n s  which may be l i f e  th re a te n in g  in  t h e i r  s e v e r i t y .  

Chronic r e je c t io n

This i s  a much less  w e l l  de f ined  process than hyperacute or acute 

r e je c t io n .  C l i n i c a l l y  the re  i s  a gradual d e t e r io r a t io n  in  renal fu n c t io n  

which may occur some years a f t e r  t r a n s p la n ta t io n .  Biopsy and h is to lo g y  i s  

e s s e n t ia l  to  make the  d iagnos is  a l though o ther  in v e s t ig a t io n s  w i l l  o f te n  be

necessary to  r u le  out o th e r  causes o f  dy s fu n c t io n .  H is t o lo g i c a l l y  th e re  is

a c h a r a c t e r i s t i c  o b l i t e r a t i o n  o f  the  vascu la r  t r e e .  There i s  p rog ress ive  

expansion o f  the  i n t e r s t i t i u m  by f ib r o u s  t is s u e  and a r t e r i o le s  have become 

th ickened and o b l i t e r a t e d .  The g lom eru l i  can be p a r t i a l l y  or com ple te ly  

o b l i t e r a t e d .  There i s  no t rea tm en t f o r  ch ro n ic  r e je c t io n .  Other causes o f  

gradual renal impairment such as c y c lo s p o r in  t o x i c i t y  and o the r  drug 

in te r a c t io n s  should be considered (Matas e t  a l ,  1983).

Immune Response t o  A l l o g r a f t s

In c l i n i c a l  p r a c t i s e  the  host immunological response to  a 

t ra n s p la n te d  organ i s  s t i l l  a major problem, de sp i te  the  use o f  

immunosuppressant drugs such as c y c lo s p o r in ,  a z a th io p r in e  and p redn iso lone .  

The immediate response to  an a l l o g r a f t ,  as e s ta b l ished  by Medawar in  

experiments on r a b b i t  s k in  g r a f t s ,  i s  very  ra p id  nec ros is  o f  the  a l l o g r a f t  

(Gibson and Medawar, 1943). Th is  i s  prevented in  renal t r a n s p la n ta t io n  by 

accura te  pre t r a n s p la n t  t i s s u e  ty p in g  and cross matching to  avoid p la c in g  a

g r a f t  i n to  a r e c ip ie n t  w i th  preformed c i r c u la t i n g  an t ibody  aga ins t  the
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organ, and by the  use o f  immunosuppression. However, d e sp i te  p ro p h y la c t ic  

immunosuppression, an immunological response causing the  c l i n i c a l  p i c tu r e  

o f  acute r e je c t io n  s t i l l  o f te n  occurs in  the f i r s t  few weeks and months 

post t ra n s p la n t ,  and o f te n  re q u ire s  a d d i t io n a l  immunosuppression. La te r ,  

in s id io u s  im m uno log ica l ly  based damage to  the g r a f t  leads to  the c l i n i c a l  

s i t u a t io n  o f  worsening renal fu n c t io n  accompanied by h i s to lo g ic a l  changes 

o f  ch ro n ic  r e je c t io n  (Matas e t  a l ,  1983).

The immunogenic ity o f  the  renal a l l o g r a f t  i s  determined by the major 

h i s t o c o m p a t ib i l i t y  complex an t igens  (MHC) which are g ly c o p ro te in s  present 

on the  c e l l  su r face .  The MHC an t igens  in  man are termed the HLA or human 

leucocy te  an t igens  and subdiv ided i n to  Class I and I I  an t igens  based on 

fu n c t io n  and express ion.  Class I  i s  d iv ide d  in to  th ree  types A, B and C. 

Class I I  i s  d iv id e d  i n to  th re e  types DR, DP, DQ, w i th  cons iderab le  

polymorphism between the groups (K le in  e t  a l ,  1981). Separate minor 

h i s to c o m p a t ib i l i t y  an t igens  a lso  e x i s t  which may have an e f f e c t  on eventual 

g r a f t  outcome as shown by animal s tu d ie s  (Fabre and M o r r is ,  1975).

Class I molecules are expressed on almost a l l  nucleated c e l l s  and are 

respons ib le  f o r  the a c t i v a t io n  o f  CD8 p o s i t i v e  T lymphocytes. Class I I  

molecules are less  w ide ly  d i s t r i b u te d  norm ally  bu t can be expressed by most 

c e l l  types under s u i ta b le  cy to k in e  s t im u lu s ;  they recogn ise CD4 p o s i t i v e  T 

lymphocytes. For an immune response to  be i n i t i a t e d  the  donor MHC an t igens 

must be presented to  the  r e c ip ie n t  immune system. This  p re s e n ta t io n  is  

u s u a l ly  performed by macrophages o r  d e n d r i t i c  c e l l s  o f  the r e c ip ie n t ,  which 

present the  an t igen  on t h e i r  c e l l  surfaces  in  a s s o c ia t io n  w i th  the  MHC 

molecules. Only small fragments o f  the  whole an t igen  are requ ired  to  

s t im u la te  s e n s i t is e d  T - c e l l s  (Grey e t  a l ,  1984). Once the  T - c e l l  i s  

s t im u la te d ,  i t  then produces c y tok in es  such as in te r le u k in  2 which causes 

m atura t ion  o f  the  c y to to x ic  T - c e l l  and in te r le u k in  4, which i s  req u ire d  f o r  

growth and d i f f e r e n t i a t i o n  o f  B lymphocytes in to  an t ibody  producing c e l l s
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(51 ) .  Gamma in te r fe r o n  is  a lso  produced and t h i s  s t im u la te s  MHC Class I I  

p roduc t ion  along w i th  o the r  fu n c t io n s .  The m a jo r i t y  o f  T he lpe r  c e l l s  have 

the  CD4 phenotype and i n te r a c t  w i th  Class I I  an t igens .  CD8 lymphocytes are 

a s im i la r  p o pu la t io n  which may reac t  w i th  Class I  t o  p rov ide  T c e l l  help 

(Meuer e t  a l , 1982).

The r o le  o f  s p e c i f i c  c e l l  types in  the  acute or ch ro n ic  r e je c t io n  

process i s  the sub je c t  o f  much c u r re n t  research and the ro le  f o r  c y to to x ic  

T c e l l s  has probab ly  the  s t ro n g e s t  body o f  evidence to  support i t .  The 

c y to to x ic  T - c e l l  response was examined in  the i n - v i t r o  system o f  the mixed 

lymphocyte re a c t io n  (MLR) where lymphocytes t h a t  are MHC mismatched are 

mixed and found to  p r o l i f e r a t e  in  response to  one another producing c e l l s  

t h a t  s p e c i f i c a l l y  lyse  the  o th e r  c e l l  type (Hayry and Defend i,  1970). Th is  

i n - v i t r o  model has been questioned w i th  some workers f i n d in g  t h a t  a n t i -  

donor s p e c i f i c  c y to to x ic  T - c e l l  t ra n s fu s io n s  a cce le ra te  g r a f t  d e s t ru c t io n ,  

(Eng lers  e t  a l ,  1982) w i th  o the r  workers demonstrating the ex is tence  o f  

donor s p e c i f i c  c y to to x ic  T - c e l l s  to  be present in  n o n - re je c t in g  g r a f t s  

(Dallman e t  a l ,  1987). CD4+ve and CD8+ve c e l l s  have been im p l ic a te d  in  

g r a f t  r e je c t io n  in  experiments showing th a t  mouse s k in  g r a f t s  can be 

prolonged by g iv in g  monoclonal a n t ib o d ie s  which ac t  ag a ins t  both c e l l  types 

w i th  an a d d i t i v e  e f f e c t  being demonstrated (Cobbold e t  a l ,  1984).

Vascular endothel ium may be a pr im ary  s i t e  f o r  an t igen  p re s e n ta t io n  

in  the  process o f  r e je c t io n  s ince i t  can express Class I and Class I I  MHC 

an t igens and the vascu la r  changes th a t  occur du r ing  r e je c t io n  are w e l l  

documented. Parenchymal c e l l s  may a lso  be a ta r g e t  f o r  t is s u e  d e s t ru c t io n ,  

p o s s ib ly  secondary t o  the  vascu la r  a t ta c k .  In c h ro n ic  r e je c t io n ,  th e re  are 

marked a r t e r i a l  changes lead ing  to  o b l i t e r a t i o n  o f  the  vascu la r  lumen and 

t h i s  a lso  suggests t h a t  the endothel ium is  a main t a r g e t  f o r  i n i t i a t i o n  o f  

t h i s  process.

The immune response to  a t i s s u e  a l l o g r a f t  i s  a very  complex
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phenomenon both in  the manner in  which the  g r a f t  an t igens  are recognised 

and in  the  response to  t h i s  re c o g n i t io n  which r e s u l t s  in  g r a f t  damage. The 

process i s  becoming c le a re r  and i t  i s  p o ss ib le  to  desc r ibe  the phenomenon 

o f  r e je c t io n  even i f  the p re c ise  r e la t io n s h ip  o f  the many f a c to r s  invo lved  

remain to  be de f ined  (Dallman and M o r r is ,  1978).

The end p o in t  o f  immune sytem a c t i v a t io n  in  response to  a l lo g r a f t e d  

organs i s  t is s u e  damage o r  d e s t ru c t io n .  The ro le  o f  preformed an t ib o d ie s  

to  fo re ig n  MHC molecules in  the  t i s s u e  d e s t ru c t io n  t h a t  occurs a f t e r  immune 

system a c t i v a t io n  in  hyperacute r e je c t io n  i s  w e l l  recogn ised. The ro le  o f  

an t ibody  in  the process o f  acute o r  ch ro n ic  r e je c t io n  i s  less  w e l l  de f ined 

but the  changes o f  acute r e je c t io n  such as a r t e r i a l  w a l l  d e s t ru c t io n ,  

thrombosis and i n t e r s t i t i a l  haemorrhage may be an t ibody  le d .  Immune 

mediated in f lam m ation  the  pr im ary h is to p a th o lo g ic a l  change seen in  organs 

undergoing acute a l l o g r a f t  r e je c t io n  and the in f lam m atory  process w i l l  be 

the  sub je c t  o f  d iscuss ion  in  the  next chapter.
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Chapter Two

The Role o f  C e ll Adhesion M olecules in  th e  In flam m atory  Process.

2.1 H is to r ic a l P e rsp e c tive .

The changes in  the  t is s u e s  du rin g  acute in flam m atio n  were f i r s t  

described  by Celsus (30BC -  AD38). He recognised c a rd in a l s igns  o f c a lo r  

o r heat, rubor o r redness, tumor or s w e llin g  and d o lo r o r pa in . A f i f t h  

s ign  fu n c t io  laesa o r l im i t a t io n  o f  movement has been added to  C e lsus' 

o r ig in a l o b se rva tio n s . H is to r ic a l ly  t h is  f i f t h  s ig n  was a t t r ib u te d  to  

Galen who liv e d  between 130 and 200 AD. However, i t  has become apparent 

th a t  Galen never added a f i f t h  s ign  (R a ther, 1971), bu t i t  was in  fa c t  

added by V irchow in  C e llu la r  Pathology pub lished  in  1858 (V irchow , 1865). 

W h ils t the  macroscopic changes asso c ia te d  w ith  the  in flam m ato ry  process are 

w e ll e s ta b lis h e d , the  m icroscop ic  changes are the  s u b je c t o f much recen t 

in v e s t ig a t io n .

An e x p la n a tio n  o f  th e  changes du rin g  acute in flam m atio n  has been 

p rov ided  us ing m icroscop ic  s tu d ie s . The f i r s t  to  employ such techn iques 

was Cohnheim (1889). Using l i g h t  m icroscopy he observed changes in  the  

l i v in g  tra n s p a re n t t is s u e  o f  the  f r o g 's  tongue and fo o t  web du rin g  

in flam m ation  caused by mechanical in ju r y  or chemical i r r i t a t i o n .  He noted 

th a t  the  in flam m ato ry  re a c tio n  is  composed o f a number o f phenomenon, a l l  

o f  which in v o lv e  th e  sm all b lood vesse ls  in  the  in flam ed t is s u e . Indeed, 

the  f i r s t  observab le  events o f the  in flam m ato ry  process were haemodynamic 

changes (M u ir 1982).

The next major advance in  t h is  f ie l d  came w ith  th e  in v e n tio n  o f  the  

e le c tro n  m icroscope. Marchesi and F lo ry  (1960), and la te r  F lo ry  and Grant 

(1961), described  experim ents perform ed on r a t  mesentery and ra b b it  ea r. 

F lo ry  and Grant used u l t r a v io le t  r a d ia t io n  to  in fla m e  th e  th in  t is s u e  over

16



the  c e n tra l ta b le  o f a tra n s p a re n t chamber in  ra b b its ' ears and t h is  

provoked an acute in flam m ato ry  response. They observed the  l i v in g  ear w ith  

a l i g h t  m icroscope, and having noted th a t  leucocy tes  were adhering in  la rg e  

numbers to  the  w a lls  o f the  vesse ls  in  the  ea r, the  t is s u e s  were f ix e d  

us ing  osmium te t ro x id e .  The t is s u e  was then excised and f ix e d  to  be 

viewed on an e le c tro n  m icroscope. They made the  fo llo w in g  o b se rva tio n s :

"W ith the  l i g h t  m icroscope polymorphs were seen d u rin g  l i f e  to  adhere 

to  the  w a lls  o f the  vesse ls . A t f i r s t  the  c e l ls  appeared to  be a ttached  to  

a s t ic k y  su rface  along which they were pushed s lo w ly  by the  fo rc e  o f the  

bloodstream . They became deformed and appeared somewhat pear-shaped 

because the  p o r t io n  in  co n ta c t w ith  the  endothelium  d id  not move f r e e ly .

In  some tim e they became f i r m ly  f ix e d  to  the  w a ll and a few em igrated in to  

th e  surround ing  t is s u e s .  Using th e  e le c tro n  m icroscope, leucocy tes  were 

seen to  come in to  c o n ta c t w ith  the  endothelium  and f o r  some reason adhere, 

becoming f la t te n e d  on th e  s id e  in  c o n ta c t w ith  the  endo the lium . In  some 

in s ta n ce s , leucocy tes  appear to  be moving on the  in n e r su rfa ce  o f  the  

endothelium  by amoeboid m otion. When c lose  a p p o s itio n  is  a tta in e d , the  

le uco cy te  pu ts out pseudopodia which can deform the  endo the lium . The 

e n d o th e lia l cytop lasm  may be pushed aside over a w ide area w h ile  the  

le uco cy te  pe ne tra te s  down to  the  basement membrane o f the  e n d o th e lia l 

c e l ls .  The p resen t o b se rva tions  do not make i t  c le a r  why leucocy tes  adhere 

to  in flam ed endo the lium . There is  no e lec tron -den se  substance in  the  

narrow space between e n d o th e lia l and adherent le uco cy te  but o c c a s io n a lly  

th e re  is  a dense area near the  endo the lium , sometimes in  the  angle formed 

by endothelium  and le uco cy te  which cou ld  be considered to  rep resen t cement. 

S ince the  dense m a te r ia l is  seen so ra re ly ,  i t  seems u n l ik e ly  to  have 

an y th in g  to  do w ith  s t ic k in g . "

In co n c lu s io n , F lo ry  and Grant found no c le a r  m orpho log ica l evidence
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th a t  the  su rface  o f the  endothelium  becomes s t ic k y ,  a lthough  they d id  

o c c a s io n a lly  see e le c tro n -d e n se  m a te r ia l in  re la t io n  to  th e  endo the lium . 

They concluded th a t  t h e i r  ob se rva tio n s  s t i l l  l e f t  unanswered the  qu es tio n  

why leucocytes adhere to  endothelium  in  the  f i r s t  in s ta n ce .

In  the  1970s techn iques f o r  is o la t in g  leucocy tes  from whole b lood 

were re fin e d  and t h is  a llow ed d e ta ile d  study o f  n e u tro p h ils ,  monocytes and 

lym phocytes. I t  was d iscove red  th a t  under c e r ta in  c ircum stances the  

a d h e s iv ity  o f  these c e l ls  in - v i t r o  cou ld  be increased , fo r  in s ta n ce , a f te r  

s t im u la t io n  by v a rio u s  chem ical m ed ia to rs . At t h is  tim e  i t  was though t 

th a t  the  e n d o th e lia l c e l ls  l in in g  b lood vesse ls were e n t i r e ly  passive  in  

the  in flam m ato ry  process and th a t  leucocytes were s o le ly  re sp o n s ib le  fo r  

the  observab le  changes. T h is  was d e s p ite  the  fa c t  th a t  u l t r a s t r u c tu r a l  

exam ination o f  e n d o th e lia l c e l ls  in  areas o f co n ta c t d e rm a t it is  showed th a t  

e n d o th e lia l c e l ls  became plump and p ro truded  in to  the  lumen. The c e l ls  

were shown to  d is p la y  q u a n t i t ie s  o f b io s y n th e t ic  m a te ria l such as 

endoplasm ic re tic u lu m  and G olg i appara tus, and on the  b a s is  o f  t h is ,  

appearances were described  as a c t iv a te d , im p ly in g  a fu n c tio n a l consequence 

to  th e  a lte re d  morphology (W i1Im s -K re ts c h le r e t a l ,  1967). However, 

because i t  was, a t th a t  tim e , ex trem e ly  d i f f i c u l t  to  study is o la te d  

e n d o th e lia l c e l ls ,  the  view o f  th e  endothelium  as a p o te n t ia l ly  dynamic 

la y e r  lapsed and in  general th e  endothelium  was considered passive in  the  

in flam m ato ry  process. In  t h is  v iew , " a c t iv a t io n "  cou ld  be dism issed as a 

m orpholog ic m a n ife s ta tio n  o f the  response to  in ju r y  (Pober 1988).

A major advance was made in  1973 when J a ffe  and co-w orkers described  

a method fo r  is o la t io n  and lo n g -te rm  in - v i t r o  c u ltu re  o f  e n d o th e lia l c e l ls  

de rive d  from  human u m b ilic a l v e in  ( J a f fe ,  1973). T h is  was an a d ap ta tion  

o f an e a r l ie r  method by Maruyama, who had c u ltu re d  e n d o th e lia l c e l ls  from  

u m b ilic a l ve ins  w ith o u t be ing ab le  to  c h a ra c te r is e  th e  c e l ls  in  c u ltu re  

(Maruyama, 1963). G affe  dem onstrated th a t  c u ltu re d  e n d o th e lia l c e l ls  cou ld
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be grown as monolayers and c h a ra c te r is e d  by the  e le c tro n  m icroscopy 

appearance o f  c h a r a c te r is t ic  cy top lasm ic  in c lu s io n s  c a lle d  W eib le-Pa lade 

bodies (Weibel and Palade, 1964).

In  the  e a r ly  1980s, as the  techn ique  o f  human u m b ilic a l ve in  

e n d o th e lia l c e l l  c u ltu re  became accepted and re f in e d ,  many d i f f e r e n t  groups 

s ta r te d  to  exp lo re  the  p o te n t ia l o f  t h is  in - v i t r o  c e l l  l in e .  Other 

p a th o lo g ic a l techn iques a lso  became a v a ila b le  which aided in  the  s tud y , in  

p a r t ic u la r  the  p ro d u c tio n  o f  monoclonal a n tib o d ie s . T h is  a llow ed the  new 

techn iques o f radioimmunoassay, FACs (F luorescence A c tiv a te d  C e ll s o r t in g )  

a n a ly s is ,  immunoelectron m icroscopy and im m u nop réc ip ita tio n  to  be a p p lie d . 

Using these techn iques Pober and Gimbrone (1982) showed th a t  e n d o th e lia l 

c e l ls  c u ltu re d  under s tandard c o n d itio n s  expressed Class I  major 

h is to c o m p a t ib i l i t y  complex (MHC) an tige ns  but no t C lass I I  an tig e n s . T h is  

led  very ra p id ly  to  a re tu rn  to  the  concept o f the  endothelium  as having a 

dynamic ro le  to  p la y  in  the  in te ra c t io n s  between c ir c u la t in g  c e l ls  and 

t is s u e s . Pober (1988) has de fine d  e n d o th e lia l a c t iv a t io n  as "q u a n t ita t iv e  

changes in  the  le v e l o f  exp ress ion  o f s p e c if ic  gene p roducts  ( ie  p ro te in s )  

th a t  in  tu rn  endow e n d o th e lia l c e l ls  w ith  new c a p a c it ie s  th a t  c u m u la tiv e ly  

a llo w  e n d o th e lia l c e l ls  to  perfo rm  new fu n c t io n s ."  F u rth e r work soon 

fo llo w e d  showing th a t  C lass I I  MHC an tige ns  cou ld  be expressed on 

e n d o th e lia l c e l ls  in  response to  the  c y to k in e  gamma in te r fe ro n  (IFN g ) 

whether produced by recom binant gene techno logy o r by p e r ip h e ra l b lood 

lym phocytes. As o th e r c y to k in e s  have been produced they  too  have been 

shown to  be capable o f  in du c ing  e n d o th e lia l a c t iv a t io n ,  in  p a r t ic u la r  the  

in te r le u k in  fa m ily ;  In te r le u k in  1 a, In te r le u k in  1 b. In te r le u k in  2, 

In te r le u k in  6, In te r le u k in  8, In te r fe ro n  a, In te r fe ro n  b, tumour n e c ros is  

fa c to r  and Lymphotoxin.

The most recen t s tep  fo rw ard  in  the  in v e s t ig a t io n  o f the  c e l lu la r  

events in vo lve d  in  in flam m ation  has been the  d iscove ry  o f  s p e c if ic  c e l l
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adhesion m olecu les. These are now known to  be presen t on both leucocy tes  

and e n d o th e lia l c e l ls .  The f i r s t  to  be id e n t i f ie d  was e n d o th e lia l 

le uco cy te  adhesion m olecule E -S e le c tin  (B ev ilacqua  e t a l ,  1987). Soon 

a fte rw a rd s  another e n d o th e lia l c e l l  adhesion m olecule was de tec ted , ICAM-1 

( in te r c e l lu la r  adhesion m olecu le) was shown to  be th e  lig a n d  fo r  a s im i la r  

adhesion m olecule on lymphocytes (M a r lin  and S p rin g e r, 1987). In the  very 

s h o rt tim e  s in ce  these d is c o v e r ie s  have been made, numerous o th e r adhesion 

m olecules have been id e n t i f ie d ,  both on leucocytes and e n d o th e lia l c e l ls .  

The response o f e n d o th e lia l c e l ls  to  d i f f e r e n t  c y to k in e  s t im u li has now 

been w id e ly  in v e s t ig a te d , p a r t i c u la r ly  w ith  regard to  the  e f fe c t  on 

adhesion m olecule exp ress ion . I n - v i t r o  work has helped d e fin e  the  ro le  o f 

adhesion between leucocy tes  and e n d o th e lia l c e l ls  in  the  process o f 

in flam m atio n . However, i t  is  c le a r  even from th is  work, th a t  d i f f e r e n t  

types o f  in flam m atio n  may proceed by d i f f e r e n t  pathways ie  the  in flam m ato ry  

response to  an in vad ing  b a c te r ia l pathogen is  d i f f e r e n t  to  th a t  mounted 

a g a in s t, fo r  example a tra n s p la n te d  organ. C le a r ly  to  lo ok  a t the  process 

as a whole, in - v i t r o  s tu d ie s  can o n ly  have a lim ite d  use fu ln ess . Much le ss  

in - v iv o  work has been c a r r ie d  out in  t h is  f ie l d  as y e t.  However, the  

amount o f in - v iv o  work is  ra p id ly  in c re a s in g , no t le a s t  because o f  the  

re c o g n it io n  th a t  the  endothelium  is  a p o te n t ia l commercial ta rg e t  fo r  

d ia g n o s t ic  and th e ra p e u tic  in te rv e n t io n  (Pober and C otran, 1990).

2 .2  Overview o f  th e  c e l lu la r  and m o lecu la r mechanisms in v o lv e d  in  th e  

in flam m ato ry  process

The fo l lo w in g  is  an account o f the  mechanisms by which the  

in flam m ato ry  response is  c u r re n t ly  though t to  be generated and re g u la te d .

I have broken these mechanisms down in to  s e c tio n s  fo r  ease o f d e s c r ip t io n ,  

bu t c le a r ly  th e  process is  a dynamic one, and a l l  o f these processes occur 

in  an ove rla p p in g  fa s h io n . I t  should be s tressed  th a t  the  complete p ic tu re
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is  s t i l l  fa r  from  c le a r ,  e s p e c ia lly  in  the  areas o f  c y to k in e  gene ra tion  and 

the  in te r a c t iv e  pathways between leucocy tes  and e n d o th e lia l c e l ls .

However, much has been learned  in  the  past few years in  these areas and 

fu r th e r  in fo rm a tio n  becomes a v a ila b le  as tim e goes by.

The events th a t  lead to  le uco cy te  m ig ra tio n  from  the  blood in to  the  

t is s u e s  in  response to  an e x tra -v a s c u la r  s t im u l i which c o n s t itu te s  the  

in flam m ato ry  response can be s im p ly  summarised as fo llo w s :

In  an area o f  t is s u e  trauma caused by mechanical damage, b a c te r ia l 

in va s io n  or presence o f some o th e r noxious s t im u l i ,  c y to k in e  s ig n a ls  are 

generated by c ir c u la t in g  T lym phocytes which a c t iv a te  th e  ad jacen t 

endo thelium , p r im a r i ly  on post c a p i l la r y  venu les. C irc u la t in g  phagocytes 

are  a lso  a c t iv a te d . As a consequence o f a c t iv a t io n ,  one o r both c e l l  types 

become adhesive (Schu lz and H a rlan , 1988). The increased adhesiveness o f 

these c e l l  types a l l ie d  w ith  lo c a l vaso-m otor changes a llo w s  leucocytes to  

adhere to  the  endo the lium . They are seen to  leave the  main va scu la r f lo w  

and m arg inate along the  vessel w a ll.  Very ra p id ly ,  u s u a lly  w ith in  m inutes 

o f the  t r ig g e r in g  s t im u l i ,  leucocy tes  can be seen r o l l in g  a long the  

su rface  o f the  e n d o th e lia l c e l l  (Hogg 1992). The le uco cy te  then ceases to  

r o l l ,  becomes f i r m ly  a ttached  to  the  endothelium  and then diapedeses 

between the  ju n c t io n s  o f  e n d o th e lia l c e l ls ,  f i n a l l y  e m ig ra tin g  through the  

su b -e n d o th e lia l m a tr ix  to  p a r t ic ip a te  in  the  in flam m ato ry  re a c tio n  (A lis o n  

e t a l ,  1955). Dead, damaged o r fo re ig n  t is s u e  can subsequently  be removed 

by the  a c tio n  o f  phagocy tic  c e l ls  which produce degrading enzymes, to x ic  

oxygen products  and c y to k in e  s t im u la to rs .  A lthough e s s e n tia l fo r  host 

defence and re p a ir ,  phagocyte adherence and em ig ra tio n  may sometimes have 

p a th o lo g ic a l consequences (H arlan  1985).

A t d i f f e r e n t  tim es du rin g  the  in flam m ato ry  response, the  le uco cy te  

sub -p o p u la tio n  in v o lv e d  w i l l  change. T h is  a lso  is  de term ined by the  type 

o f  s t im u li re sp o n s ib le  fo r  i n i t i a t i n g  in flam m atio n . N e u tro p h ils  are seen
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to  be the  predom inant c e l l  type  d u rin g  the  f i r s t  few hours a f te r  the  onset 

o f  in flam m ation  (Is s e k u tz  and Movat, 1980). L a te r, mononuclear phagocytes 

become the  most common c e l l  type in  th e  a ffe c te d  t is s u e s  peaking w ith in  

12-24 hours a f te r  s t im u la t io n  (Paz and Spector, 1962) I f  the  in flam m ato ry  

s t im u li is  immune in  b a s is , fo r  example, an organ t ra n s p la n t ,  then 

lymphocytes w i l l  be the  predom inant c e l l  type . The d i f f e r e n t  k in e t ic s  o f 

e m ig ra tio n  and subsequent accum ulation in  t is s u e s  o f  le ucocy tes  may be 

exp la ine d  in  p a r t  by d iffe re n c e s  in  expression  o r c o n f ig u ra t io n  o f  adhesion 

m olecules on th e  le u co cy te  or the  endothelium  (C a rlos  and H arlan , 1990).

2 .3  C e ll Adhesion m olecules in v o lv e d  in  e n d o th e lia l c e l l  and le u co cy te  

adhesion

Three main groups o f adhesion m olecules are recogn ised which mediate 

the  in te ra c t io n  o f  leucocytes and e n d o th e lia l c e l ls ;

(1 ) The s e le c t !n s ,  which are dominant in  lymphocyte and n e u tro p h il 

in te ra c t io n  w ith  va scu la r endothelium  (S p rin g e r, 1990)

(2 ) The im m unoglobulin s u p e r- fa m ily ,  which in c lu d e s  th e  an tigen  s p e c if ic  

rece p to rs  o f  T and B lymphocytes

(3 ) The in te g r in  fa m ily ,  which is  im p o rtan t in  dynamic re g u la t io n  o f 

adhesion and m ig ra tio n

2 .3 .1  The S e le c tin g

The s e le c t in  fa m ily  c o n s is ts  o f  th re e  s im i la r  s in g le -c h a in  in te g ra l 

membrane g ly c o p ro te in s . The th re e  m olecules so fa r  id e n t i f ie d  have a 

s im i la r  s t ru c tu re  and have been c a lle d  ( i )  E -s e le c t in  ( i i )  L -s e le c t in  ( i i i )  

P -s e le c t in  (Tab le  1 .1 , F ig 1 .1 ) .  The W -terminus o f  the  mature p ro te in  

c o n s is ts  o f  a reg ion  o f ap p ro x im a te ly  120 res idues homologous to  a fa m ily  

o f  ca lc ium -dependent le c t in s  (D rickam er, 1988). T h is  domain is  succeeded 

by an epiderm al growth fa c to r  (EGF) -  l i k e  m o tif  s im i la r  to  those in  the  

EGF p re cu rso r and in  many o th e r p ro te in s , in c lu d in g  co a g u la tio n  p ro teases.
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There then fo llo w s  a s e r ie s  o f s h o rt consensus repea ts , each c o n ta in in g  

about 62 res idues th a t  are re la te d  to  those in  complement re g u la to ry  

p ro te in s  such as CR1 and C4B b in d in g  p ro te in  {Hourcade, 1989). The number 

o f  s h o rt consensus repea ts v a r ie s  between these m olecules which g ives  them 

t h e i r  in d iv id u a l i t y .  L -s e le c t in  has two repea ts ; E -s e le c t in  has s ix  

repea ts ; P -s e le c t in  has n ine rep ea ts . Each m olecule ends w ith  a 

hydrophobic trans-membrane reg ion  fo llo w e d  by a s h o r t cy top lasm ic  t a i l .

A l l  th re e  o f  the  m olecules in  th e  s e le c t in  fa m ily  are h e a v ily  g ly c o s y la te d , 

c o n s is te n t w ith  the  presence o f numerous p o te n t ia l s ite s  fo r  a d d it io n  o f 

N -1inked o lig o s a c h a rid e s  in  the  amino ac id  sequence (B ev ilacqua  e t a l ,  

1987, Johnson e t a l ,  1989a, Siegelman e t a l ,  1986).
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Table 1.1 The Selectin Family of adhesion molecules

SELECTIN CD ANTIGEH EARLIER 
DESIGNATION NAMES

EXPRESSED lARGEI.
CELL

L SELECTIN M EL-14
LAM-1
LEU-8
TQ-1
LECAM-1
LEC.CAM-1
DREG.56

PMN's.
Monocytes.
Lymphocyte
Subsets.

Lymph node 
high Endothelial 
venules. 
Activated 
Systemic EC's.

E SELECTIN ELAM^I Cytokine
Activated
EC's.

PMN's.
Monocytes. 
Memory T-
-lymphocytes.

P-SELECTIN CD62 GMP140 Rapidly
Activated
EC&
Platelets.

PMN's.
Monocytes.
Lymphocyte
Subsets.

PMN - Polymorphonuclear Leucocyte 
EC - Endothelial Cell 
CD - Cluster Differentiation
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The s e le c t in s  are asymmetric m olecules c o n s is t in g  o f a number o f 

c y s te in e - r ic h ,  c ro s s - lin k e d  modular domains (McEver, 1991). The amino ac id  

sequences o f  the  le c t i n - l i k e  and EG F-like  domains o f  the  s e le c t in s  are over 

60% id e n t ic a l and the  consensus repea ts  share over 40% o f  sequence 

id e n t i t y .  The sequence re la t io n s h ip s  and o rg a n is a tio n  o f the  conserved 

domains s tro n g ly  suggest th a t  the  s e le c t in s  arose as a r e s u lt  o f  exon 

d u p lic a t io n  and rearrangem ent. T h is  is  supported by a n a ly s is  o f the  human 

genes encoding each p ro te in  (Ord e t a l ,  1990, Johnson e t a l ,  1990). The 

human genes fo r  a l l  th re e  s e le c t in s  are  t ig h t l y  c lu s te re d  in  a reg ion 

spanning no more than 30 KB a t bands Q21-24 on the  long arm o f  chromosome 

1. T h is  t ig h t  c lu s te r in g  is  a lso  p resen t on the  e q u iv a le n t reg ion  o f mouse 

chromosome 1, in d ic a t in g  th a t ,  fo r  unknown reasons, the  genes have remained 

p h y s ic a lly  assoc ia ted  over e v o lu tio n  from  a t le a s t mouse to  man (Watson e t 

a l ,  1990). I n te r e s t in g ly  the  human genes o f the  complement re g u la to ry  

p ro te in  fa m ily ,  which encode consensus repeats re la te d  to  those in  the  

s e le c t in s ,  are q u ite  c lo s e ly  c lu s te re d  on the  long arm o f  chromosome 1 a t 

band Q32 (Hourcade e t a l ,  1989).

2 .3 .2  S e le c t in  Receptors

The rece p to rs  which recogn ise  s e le c t in s  have not y e t been f u l l y  

c h a ra c te r is e d . However, recen t work has provided in s ig h ts  in to  the  na tu re  

o f  these re c e p to rs . The s e le c t in  group were p o s tu la te d  to  recogn ise  

carbohydra te  lig a n d s  because the  l\IH2 te rm in a l domains have a le c t in  m o t if  

(S too lm an ,1989, S p rin g e r, 1990, B ev ilacqua  e t a l 1989). A survey o f the  

g ly c o lip id s  and N-1 inked carbohydra te  groups o f su rfa ce  g ly c o p ro te in s  o f 

n e u tro p h ils  revea led uncommon te rm in a l sequences w ith  a (1 ,3 )  Fucose 

res idues known g e n e r ic a l ly  as Lewis X (Le%) and s ia ly la te d  Lewis X(SLe*) as 

shown in  F igu re  1,2 (L a u r ie -P h i11ip s  e t a l ,  1990).

L -s e le c t in  is  p resen t on le ucocy tes  bu t i t s  e n d o th e lia l re ce p to r is
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s t i l l  unknown. One re ce p to r (o r p o s s ib ly  seve ra l re c e p to rs ) fo r  

L -s e le c t in  is  expressed on c u ltu re d  human e n d o th e lia l c e l ls  tre a te d  w ith  

cy to k in e s  (P o lle y  e t a l ,  1991, Hallman e t a l ,  1991, S p e r t in i e t a l 1991, 

Smith e t a l ,  1991). The re c e p to r f o r  L -s e le c t in  on lymph node high 

e n d o th e lia l venules may be th e  su lph a ted , fu c o s y la te d , s ia ly la te d  

g ly c o p ro te in  -  SLe* (Zimmerman e t a l ,  1992). L -s e le c t in  may in te r a c t  w ith  

E -s e le c t in  (K ish im o to  e t a l ,  1991), which is  expressed on cy to k in e  

a c tiv a te d  e n d o th e lia l c e l ls .  However, t h is  may not be a unique in te ra c t io n  

because tem poral exp ress ion o f  a c o u n te r-re c e p to r fo r  L -s e le c t in  on tumour
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Fig 1.2 Carbohydrate Ligands for Selectins
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necros is  fa c to r  a (TNF a ) a c t iv a te d  e n d o th e lia l c e l ls  is  d i f f e r e n t  from 

E -s e le c t in  exp ress ion (S p e r t in i e t a l ,  1991). Under some c o n d it io n s , the  

c o n tr ib u t io n  o f L -s e le c t in  to  a c t iv a te d  leucocy te  b in d in g  is  apparent on ly  

i f  shear is  a p p lie d  (Hallman e t a l ,  1991). L -s e le c t in  has been im p lic a te d  

in  n e u tro p h il m ig ra tio n  from the  c ir c u la t io n  in to  t is s u e s  (Sm ith e t a l ,  

1991).

A la rg e  amount o f in - v i t r o  work e x is ts  c h a ra c te r is in g  the  p ro p e r tie s  

o f  E -s e le c t in  and P -s e le c t in  in  c u ltu re d  human u m b ilic a l ve in  e n d o th e lia l 

c e l ls .  The p ro p e r tie s  o f L -s e le c t in  have a lso  been e x te n s iv e ly  s tu d ie d , 

p a r t ic u la r ly  as a lymphocyte homing re ce p to r in  murine models (McEver, 

1991).

2 .3 .3  L -S e le c tin

L -s e le c t in  is  expressed by approx im a te ly  70% o f c ir c u la t in g  

leucocy tes  (Tedder e t a l ,  1990), and may fu n c tio n  as a leucocy te  

r e - c i r c u la t io n  re c e p to r. In  fa c t ,  i t  was f i r s t  recogn ised as a homing 

re ce p to r th a t  m ediates adhesion o f  murine leucocy tes  to  h igh e n d o th e lia l 

venules o f p e r ip h e ra l lymph nodes using a monocolonal a n tib o d y , Mel 14, 

which b locks  t h is  adhesion. The human s tru c tu re  o f  t h is  m olecule is  

though t to  be id e n t ic a l (Tedder e t a l ,  1989, G a lla t in  e t a l ,  1983). 

L -s e le c t in  is  p resen t on n e u tro p h il c e l l  su rfaces and ex v iv o  can provoke 

adhesion o f bone marrow n e u tro p h ils  to  in flam ed h igh e n d o th e lia l venules 

( J u t i la  e t a l ,  1989). L -s e le c t in  is  a lso  expressed by monocytes but s ince  

n e ith e r  monocytes nor n e u tro p h ils  r e - c i r c u la te  through p e r ip h e ra l lymph 

nodes, th e re  may be s t ru c tu ra l and fu n c tio n  d iffe re n c e s  between th e  m yelo id  

L -s e le c t in  and lymphoid L -s e le c t in  m olecu les. I t  may a lso  be th a t  

accessory m olecules not p resen t on m yelo id  c e l ls  are re q u ire d  fo r  

e m ig ra tio n  in to  p e r ip h e ra l nodes (McEver, 1991). The amino ac id  sequence 

o f human L -s e le c t in  is  id e n t ic a l in  a l l  c e l ls  (Ord e t a l ,  1990). Recent
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in - v iv o  data suggest th a t  L -s e le c t in  may promote adhesion o f n e u tro p h ils  to

endothelium  a t s i te s  o f  in flam m atio n  ( J u t i la  e t a l ,  1989). I n - v i t r o ,

adherence re q u ire s  a c t iv a t io n  o f endothelium  w ith  cy to k in e s  such as IL -1  or

tumour n e c ros is  fa c to r  (Sm ith e t a l ,  1991).

W h ils t the  ro le  o f  L -s e le c t in  in  n e u tro p h il m ig ra tio n  is  no t c le a r  

(S p e r t in i e t a l ,  1991) i t  is  p robab le  th a t  L -s e le c t in  and the  b2 in te g r in s  

(see below) may ac t to g e th e r in  ta rg e t in g  n e u tro p h ils  to  in flam ed t is s u e s . 

Reagents th a t  b lo c k  e i th e r  m o lecu la r system in h ib i t  n e u tro p h il adhesion to  

c y to k in e  a c t iv a te d  e n d o th e lia l c e l ls  (Tedder e t a l ,  1990). A s o lu b le  

L -s e le c t in  chimera in h ib i t s  n e u tro p h il accum ulation a t e x tra  va scu la r s ite s  

in - v i t r o  (Watson e t a l ,  1991). Evidence th a t  L -s e le c t in  is  im p o rtan t in  

th e  i n i t i a l  adhesion o f  n e u tro p h ils  to  e n d o th e lia l c e l ls  comes from  work 

showing th a t  L -s e le c t in  m ediates r o l l in g  o f n e u tro p h ils  on e n d o th e lia l 

c e l ls  (Ley e t a l ,  1991, Von A drian  1991). R o llin g  may be the  f i r s t  

adhesive in te ra c t io n  in  in fla m m a tio n , bu t the  e n d o th e lia l c e l l  

co u n te r-re c e p to r th a t  in te ra c ts  w ith  L -s e le c tin  du rin g  r o l l in g  has not ye t 

been id e n t i f ie d .  In  response to  lo c a l co n ce n tra tio n s  o f chem otactic  

fa c to rs  o r s ig n a ls  expressed by a c t iv a te d  e n d o th e lia l c e l ls  fu r th e r  changes 

take  p lace  in  the  n e u tro p h il d u rin g  th e  r o l l in g  process which enhances the  

a v id i t y  o f adhesion, p robab ly  v ia  b 2 in te g r in  u p - re g u la tio n . The i n i t i a l  

b in d in g  mediated by L -s e le c t in  may be c r i t i c a l  f o r  the  b 2 in te g r in  

component to  work under f lo w  c o n d itio n s  (Zimmerman e t a l ,  1992).

L -s e le c t in  is  r a p id ly  shed, p robab ly  by p r o te o ly t ic  c leavage, from 

both lymphocytes and n e u tro p h ils  a f te r  c e l lu la r  a c t iv a t io n  (Tedder e t a l ,  

1990, J u t i la  e t  a l ,  1989). Rapid shedding o f  L -s e le c t in  occurs a f te r  

s t im u la t io n  by phorbol e s te rs  o r IL -8  from lymphocytes and n e u tro p h ils .  

S o lub le  L -s e le c t in  can in flu e n c e  L -s e le c t in  mediated adhesion in  

lym phocytes, in h ib i t in g  adhesion up to  20% (S ch le iffenbaum  e t  a l ,  1992).

In  summary L -s e le c t in  is  p resen t on a w ide v a r ie ty  o f  leucocy tes  and
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mediates the  i n i t i a l  adhesive in te ra c t io n  between these c e l ls  and 

e n d o th e lia l c e l ls .  T h e ir  exact c o u n te r-re c e p to rs  are s t i l l  unknown, and 

the  mechanisms o f  in te ra c t io n  w ith  o th e r adhesion m olecu les, both be fo re  

and a f te r  shedding from  the  c e l l  su rfa c e , are the  s u b je c t o f  fu r th e r  

rese a rch .

2 . 3 .4  E -S electin

E -s e le c t in  is  a lso  known as ELAM o r e n d o th e lia l le uco cy te  adhesion 

m olecu le. I t  is  expressed on the  lum ina l su rface  o f  e n d o th e lia l c e l ls  and 

serves to  b ind leucocy tes  v ia  th e  S ia ly l-L e w is  X (SLe*) carbohydra te  

res id u e , as described  above.

E -s e le c t in  has been e x te n s iv e ly  s tu d ie d  in - v i t r o  us ing human 

u m b ilic a l ve in  in  e n d o th e lia l c e l ls ,  and to  a much le s s e r e x te n t in - v iv o .

E -s e le c t in  is  no t p resen t on un s tim u la ted  human u m b ilic a l ve in  

e n d o th e lia l c e l ls  and i t s  induced expression re q u ire s  new RMA and p ro te in  

s yn th e s is  (B ev ilacqua  e t a l ,  1989 and 1987). In d u c tio n  o f mRNA fo r  the  

p ro te in  is  preceded by a c t iv a t io n  o f  a t r a n s c r ip t io n  fa c to r  (Montgomery e t 

a l ,  1991). C ytokines which are known to  s t im u la te  e n d o th e lia l c e l ls  in  

c u ltu re  to  express E -s e le c t in  are tumour ne cros is  fa c to r  a, In te r le u k in -1 ,  

o r lip o p o ly s a c c h a r id e  (B ev ilacqua  e t a l 1985, Pober and C otran, 1990). 

Surface exp ress ion  o f  E -s e le c t in  re q u ire s  approx im a te ly  1 hour, is  maximal 

a t 4-8 hours, and is  over by 24-48 hours in - v i t r o .  Polymorph adhesion to  

e n d o th e lia l c e l ls  p a r a l le ls  t h is  tim e  course w ith  the  im p o rtan t excep tion  

th a t  th e re  is  re s id u a l enhanced adhesion a f te r  E -s e le c t in  d isappears from 

the  su rface  (S p rin g e r, 1990). Monoclonal a n tib o d ie s  a g a in s t E -s e le c t in  

in h ib i t  n e u tro p h il adhesion to  c y to k in e  a c t iv a te d  e n d o th e lia l c e l ls  and 

some leukem ic c e l l  l in e s  (B ev ilacqua  e t a l ,  1995). The ro le  o f  E -s e le c t in  

in  the  adherence o f monocytes to  c y to k in e  s tim u la te d  e n d o th e lia l c e l ls  

remains to  be determ ined (S p r in g e r, 1990).
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Recent s tu d ie s  a lso  show th a t  E -s e le c t in  m ediates a c t iv a t io n  

independent adhesion o f  memory CD4+ve T c e l ls  (Shim izu e t a l ,  1991a), and 

th e  T c e l l  E -s e le c t in  lig a n d  may be p r e fe r e n t ia l ly ,  i f  no t e x c lu s iv e ly ,  

expressed on memory T c e l ls  ra th e r  than na ive T c e l ls .  T h is  adhesion can 

occur w ith o u t a c t iv a t io n  o f  th e  memory T c e l l  w ith  agents such as 

1 2 -0 -te tra d e c a n y lp h o rb o l1 3 -a c e ta te  (TPA). E -s e le c t in  has a lso  been shown 

to  be a t is s u e  s e le c t iv e  e n d o th e lia l c e l l  adhesion m olecule in vo lve d  in  the  

homing o f  a un ique s k in  assoc ia ted  subset o f  c i r c u la t in g  memory T c e l ls  

d e fin e d  by the  exp ress ion  o f the  cutaneous lymphocyte assoc ia ted  an tigen  

(P ic k e r e t a l , 1991).

E -s e le c t in  has been shown to  be presen t in - v iv o  a t s ite s  o f acute 

in flam m ation  (Cotran e t a l ,  1986). I t  is  p a r t ic u la r ly  found in  post 

c a p i l la r y  venu les, th e  p r in c ip le  s i te s  o f le uco cy te  e x tra v a s a tio n  du rin g  

in flam m ation  (Hession e t a l ,  1990). C le a r ly  s ince  E -s e le c t in  has been 

shown to  b ind n e u tro p h ils ,  monocytes and memory T lym phocytes i t  must p lay  

d i f f e r e n t  ro le s  in  d i f f e r e n t  types o f  in flam m atio n . The in d u c tio n  o f 

adhesion m olecules such as E -s e le c t in  on human u m b ilic a l ve in  e n d o th e lia l 

c e l ls  by in flam m ato ry  c y to k in e s  p ro v id es  a mechanism fo r  the  s e le c t iv e  

attachm ent o f  lymphocytes to  endothelium  and t h e ir  subsequent m ig ra tio n  

in to  the  s i t e  o f  t is s u e  in ju r y .  As th e re  are few a c t iv a te d  T c e l ls  in  the  

c ir c u la t io n ,  adhesion pathways must e x is t  th a t  a llo w  in flam ed endothelium  

to  cap tu re  c ir c u la t in g  re s t in g  T c e l ls .  The b in d in g  o f  memory but not 

na ive  T c e l ls  to  E -s e le c t in  suggests th a t  the  E -s e le c t in  pathway no t o n ly  

p lays  a p a r t in  th e  p re fe re n t ia l m ig ra tio n  o f memory c e l ls  in to  

in flam m ato ry  s ite s ,  bu t may a lso  c o n tr ib u te  to  the  d i f f e r e n t ia l  

r e c ir c u la t io n  p a tte rn s  o f  na ive  and memory T c e l ls  (Shim izu e t a l ,  1991).

In  c o n tra s t,  n e u tro p h il t r a f f i c k in g  v ia  E -s e le c t in  in to  areas o f t is s u e  

in flam m ation  caused by, fo r  example, in vas io n  o f  a b a c te r ia l pathogen, is  a 

case o f  E -s e le c t in  a c t in g  in  response to  a s tim u lu s  ra th e r  than in  the  case
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o f memory T lym phocytes a c t in g  as an a id  to  ro u tin e  im m unological 

s u rv e i1 lance .

A f te r  exp ress ion th e re  is  evidence th a t  E -s e le c t in  is  shed from the  

c e l l  s u rfa ce , p o s s ib ly  by p r o te o ly t ic  cleavage. A s o lu b le  form  o f 

E -s e le c t in  has been de tected  in  the  supernatan t o f c u ltu re d  e n d o th e lia l 

c e l ls  a f te r  s t im u la t io n  w ith  In te r le u k in  1. I t  has a lso  been de tected  in  

the  serum o f p a t ie n ts  w ith  a v a r ie ty  o f ch ro n ic  in flam m ato ry  d isease such 

as p o ly a r t e r i t is  nodosa, g ia n t c e l l  a r t e r i t i s ,  and scle roderm a. However, 

serum le v e ls  o f s o lu b le  E -s e le c t in  were not g re a te r in  p a t ie n ts  w ith  recen t 

onset o r a c t iv e  d isease , and o n ly  weakly increased in  p a t ie n ts  w ith  

m u lt ip le  organ system invo lvem ent (Carson e t a l ,  1993).

S o lub le  E -s e le c t in  has a lso  been found in  th e  b lood o f s e p t ic  

p a t ie n ts ,  p robab ly  r e f le c t in g  a ge n e ra lise d  u p re g u la tio n  o f  E -S e le c tin  in  

th e  acute in flam m ato ry  s ta te  (Newman e t a l ,  1993).

2 .3 .5  P -s e le c t in

P -s e le c t in  is  a ls o  known as GMP-140 o r CD62. I t  is  in  an in te g ra l 

membrane g ly c o p ro te in  o f  140 kds. I t  is  s to red  in  th e  W eible Palade bodies 

o f  e n d o th e lia l c e l ls  (H a tton  e t a l ,  1989, B o n fa rt i e t a l 1989, McEver e t 

a l ,  1989) and is  a lso  p resen t in  the  a lpha granu les o f p la te le ts  (S tenberg 

e t a l ,  1985, Berner e t a l ,  1986). In -v iv o ,  P -s e le c t in  is  p resen t in  

p la te le ts  and t h e ir  p re cu rso r c e l ls ,  megakaryocytes, and in  endothelium  o f 

post c a p i l la r y  venules (McEver e t a l 1989). U n like  E -s e le c t in ,  P -s e le c t in  

is  c o n s t i t u t iv e ly  expressed in  normal non-in flam ed t is s u e s  (McEver e t a l ,

1989). P -s e le c t in  is  ra p id ly  m o b ilise d  to  the  su rface  o f  e n d o th e lia l c e l ls  

a f te r  s t im u la t io n  by p roducts  o f the  c lo t t in g  cascade such as throm b in or 

h is tam ine  (McEver and M a rt in , 1984, Hsu-Lin e t a l 1984). Th is 

r e d is t r ib u t io n  is  caused by fu s io n  o f  the  g ranu le  membranes w ith  the  plasma 

membrane, a process which may take  between seconds and m inutes. In
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c u ltu re d  endo the lium , induced su rface  expression o f P -s e le c t in  is  t ra n s ie n t  

and re tu rn s  to  basal le v e ls  by 20-60 m inutes as a re s u lt  o f  endocytos is  

(H a tton  e t a l , 1989).

P -s e le c t in  b inds to  n e u tro p h ils  and monocytes bu t not to  lymphocytes 

(Gene e t a l ,  1990, Larsen e t  a l ,  1989). N e u tro p h ils  b ind  s p e c i f ic a l ly  to  

p u r i f ie d  P -s e le c t in  and to  c e l ls  tra n s fe c te d  w ith  DNA encoding P -s e le c t in  

(Gene e t a l ,  1990). P -s e le c t in  suppo rts  th e  adhesion o f n e u tro p h ils  and 

monocytes to  throm b in s tim u la te d  p la te le ts  (Hamburger and McEver, 1990) and 

to  endothelium  s tim u la te d  w ith  a g o n is ts  such as h is ta m in e  (Gene e t a l ,

1990). I f  P -s e le c t in  is  r a d io - la b e lle d ,  i t  can be shown to  b ind 

s p e c i f ic a l ly  and re v e rs ib ly  to  a con s id e rab le  number o f  rece p to rs  on 

n e u tro p h ils  and monocytes (Moore e t a l ,  1991). A l l  o f  these in te ra c t io n s  

may be blocked by monoclonal a n tib o d ie s  to  P -s e le c t in .  The exp ress ion  o f  

P -s e le c t in  on endothelium  a c t iv a te d  w ith  h is tam ine  o r throm b in suggests 

th a t  is  i t  in v o lv e d  in  the  very  ra p id  adhesion o f  n e u tro p h ils  and monocytes 

to  va scu la r endothelium  exposed to  these a g o n is ts . The fa c t  th a t  a c t iv a te d  

p la te le ts  express P -s e le c t in  on t h e i r  su rface  suggests th a t  t h is  is  a 

mechanism by which n e u tro p h ils  and monocytes may be re c ru ite d  to  the  

in flam m ato ry  response in  s ite s  o f haemorrhage o r throm bosis (Henry, 1990). 

The b in d in g  o f  n e u tro p h ils  to  e n d o th e lia l c e l ls  v ia  P -s e le c t in  appears to  

re q u ire  the  coo pe ra tion  o f p la te le t  a c t iv a t in g  fa c to r  (PAP) (L o ra n t e t a l ,

1991). The in c o rp o ra t io n  o f  P -s e le c t in  in to  model membranes mediates 

r o l l in g  o f  n e u tro p h ils ,  which is  the  f i r s t  s tep towards f irm  b in d in g  and 

m ig ra tio n  o f  leucocy tes  in to  the  sub e n d o th e lia l t is s u e s  (Lawrence and 

S p rin g e r, 1991).

A form o f P -s e le c t in  la c k in g  the  transmembrane domain e x is ts  which 

makes t h is  a s o lu b le  p ro te in  (Johnston e t a l ,  1989b). S o lub le  P -s e le c t in  

is  found in  the  plasma o f normal in d iv id u a ls  (Dunlop e t  a l ,  1992). I t  is  

p o s s ib le  th a t  t h is  form  is  secre ted  by e n d o th e lia l c e l ls  o r p la te le ts  under
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va rio u s  c o n d itio n s  and th a t  i t  b inds to  leucocy te  re ce p to rs  in  the  f l u i d  

phase. However, experim enta l work in  t h is  area is  c o n tra d ic to ry  w ith  some 

workers re p o r t in g  th a t  a s o lu b lis e d  P -s e le c t in  in h ib i t s  le uco cy te  

adhesiveness w h ils t  o th e rs  re p o r t  th a t  s o lu b lis e d  P -s e le c t in  does not 

in h ib i t  le uco cy te  adhesiveness to  e n d o th e lia l c e l ls  in - v i t r o  (Gamble e t a l ,  

1990, Wong e t a l , 1991).

2 .3 .6  Im m unoglobulins -  In tro d u c t io n

A la rg e  number o f  adhesion m olecules known to  be in vo lve d  c e l l  to  

c e l l  in te ra c t io n s  have been c h a ra c te r is e d , and many have tu rned  out to  be 

members o f the  im m unoglobulin gene super fa m ily  o f  p ro te in s  (W illia m s , 

1989). The group in c lu d e s  m ajor h is to c o m p a t ib i l i t y  an tigens  Class I  and 

I I ,  the  T c e l l  re c e p to r designated CD3 as w e ll as o th e r T -c e ll rece p to rs  

designated CD4 (T he lp e r lym phocyte) and CD8 (T k i l l e r  lym phocyte ). 

Lymphocyte fu n c tio n a l an tige n  2 (CD2) and lymphocyte fu n c tio n a l an tige n  3 

(CD58) are a lso  in c lud ed  in  t h is  fa m ily .  However, o n ly  th re e  or p o s s ib ly  

fo u r  members o f the  im m unoglobulin s u p e r- fa m ily  have shown to  be im p o rtan t 

in  terms o f e n d o th e lia l c e l l  le u co cy te  adhesion. These m olecules are 

designated in te r - c e l lu la r  adhesion m olecule 1 and 2 (ICAM-1 and ICAM 2) and 

va scu la r c e l l  adhesion m olecule 1 (VCAM). A fu r th e r  m olecule ICAM 3 has 

re c e n t ly  been id e n t i f ie d  (D e-Fougero lle s  and S p rin g e r, 1992). ICAM-1 is  

a lso  designated CD54 (S p rin g e r, 1990) (Table 1 .2 ).

2 .3 .7  Im m unoglobulin S up e rfam ily  adhesion rece p to rs

Members o f th e  im m unoglobulin s u p e r- fa m ily  share common s t ru c tu ra l 

fe a tu re s  f i r s t  de fine d  f o r  a n tib o d ie s . The usual im m unoglobulin domain is  

composed o f 90-100 amino ac ids  arranged in  a sandwich o f  2 sheets o f a n t i 

p a r a l le l  b s tra n d s , which are u s u a lly  s ta b i l is e d  by a d is u lp h id e  bond a t 

i t s  ce n tre  (W illia m s  and B a rc la y , 1988, A lz a r i e t  a l ,  1988). Loops o f
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amino ac ids  connecting  t h is  framework o f b s trands u s u a lly  d e fin e  the  

s p e c i f ic i t y  o f  th e  m olecule fo r  i t s  cognate lig a n d . W ith in  the  

im m unoglobulin s u p e r- fa m ily  domains can have one o f  th re e  c o n f ig u ra t io n s  

designated C l, C2 o r V, depending on th e  arrangement o f p a r t ic u la r  h ig h ly  

conserved amino a c id s . Most adhesion molecules o f the  Ig  s u p e r- fa m ily  

c o n ta in  C2 domains (Lobb, 1992). The im m unoglobulin c e l l  re c e p to rs , which 

are s p e c ia lis e d  fo r  an tige n  re c o g n it io n , are the  on ly  known members o f  t h is  

fa m ily  w ith  v a r ia b le  reg ions  th a t  undergo som atic d iv e r s i f ic a t io n  (F ig u re  

1 .3 ).

The fu n c tio n  o f m olecules o f th e  im m unoglobulin su p e rfa m ily  in  

adhesion, in  e v o lu tio n a ry  term s, preda tes s p e c ia lis a t io n  fo r  an tigen  

re c o g n it io n , which occurs o n ly  in  v e r te b ra te s . Im m unoglobulin s u p e r- fa m ily  

members are p resen t in  in s e c ts  as nervous system adhesion m olecules 

in vo lve d  in  adhesion and v é s ic u la t io n  (Shaw and Luce, 1987). The 

im m unoglobulin domain may have d iv e r s i f ie d  and been adapted so w id e ly  in  

e v o lu tio n  because o f  th e  s t a b i l i t y  o f  the  d is u lp h id e  bonded b s trand  

s t ru c tu re .  An in te re s t in g  fe a tu re  o f  the  adhesion m olecule group w ith in  

the  im m unoglobulin fa m ily  is  th a t  in  c o n tra s t to  im m unoglobulins and MHC 

m olecu les, which have p a ire d  im m unoglobulin domains, th e  domains o f ICAM 

and VCAM are unpa ired  (S taunton e t a l ,  1989).

ICAM-1 is  a h e a v ily  g ly c o s y la te d  c e l l  su rface  p ro te in  o f m o lecu lar 

w e igh t about 90 kds c o n ta in in g  5 tandem e x t r a - c e l lu la r  I g - l i k e  domains.

Only the  f i r s t  two domains are re q u ire d  fo r  fu n c tio n  however (R o th le in  e t 

a l ,  1986). E le c tro n  m icrographs o f  ICAM-1 show th a t  i t  is  a bent rod 18.7 

nm long . T h is  is  o n ly  com patib le  w ith  a model in  which i t s  f iv e  domains 

are
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Table 1.2 Immunoglobulin Family of Adhesion Molecules.

Immunoglobulin Cell Type Expression UaaDd Cell Typo

ICAM-1 EC Constitutive and GDI 1 a/CDl 8 All Leucocytes
cytokine induced GD11 b/CDI 8

C D llc /C D lS

ICAM-2 EC Constitutive GD11 a/CDI 8 All Leucocytes
no cytokine effect

ICAM-3 Neutrophils
Monocytes Cytokine induced Unknown Endothelial 
Lymphocytes cell.

VCAM EC Cytokine induced VLA-4 Lymphocytes

3 7



Fig 1 .3  Immunoglobulin Superfamily
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unpa ired , and arranged end to  end a t  a s l ig h t  angle to  the  b s trands 

(Simmons e t a l ,  1988). Im m u n o g lo b u lin - like  domains are re q u ire d  fo r  

fu n c tio n .  ICAM-1 in te ra c ts  w ith  the  le uco cy te  adhesion in te g r in  LFA-1 (see 

b e lo w ).

ICAM 2 is  an in te g ra l membrane p ro te in  w ith  two im m u n o g lo b u lin - lik e  

domains in  c o n tra s t to  the  f iv e  domains o f  ICAM-1 (S taunton e t a l ,  1989).

ICAM 2 is  very  c lo s e ly  re la te d  to  th e  two most N -te rm ina l domains o f ICAM-1 

(35% id e n t i t y )  and these two m olecules bare much g re a te r resemblance to  

each o th e r than they do to  o th e r m olecules w ith in  the  im m unoglobulin 

su p e rfa m ily , dem onstra ting  th e  e x is te n ce  o f  s u b -fa m ily  o f 

im m u n o g lo b u lin - lik e  lig a n d s  th a t  b ind  the  same in te g r in  re ce p to r (S taunton 

e t a l : 1989).

VCAM is  the  t h i r d  im m unoglobulin s u p e rfa m ily  adhesion re ce p to r which 

has a ro le  in  e n d o th e lia l c e l l  le uco cy te  adhesion. I t  was id e n t i f ie d  us ing 

an expression  c lo n in g  techn ique  which confirm ed th a t  i t  belonged to  the  

im m unoglobulin fa m ily  and i t  was th e re fo re  designated V ascu la r C e ll 

Adhesion M olecule 1 (VCAM) (Osborne e t a l ,  1989). VCAM is  a g ly c o s y la te d  

c e l l  su rface  m olecule o f  m o lecu la r w e igh t about 110 Kd, c o n ta in in g  e i th e r  

s ix  o r seven e x t r a - c e l lu la r  im m unoglobulin l i k e  domains, generated by 

a lte rn a te  s p l ic in g .  Only the  f i r s t  two domains o f  VCAM are re q u ire d  fo r  

i t s  adhesive fu n c tio n  (Osborne e t  a l ,  1989)(F ig u re  1 .3 ) .

2 .3 .8  F unctions o f  im m u n o g lo b u lin - lik e  adhesion m olecules

ICAM-1 is  expressed a t low le v e ls  o f human u m b ilic a l ve in  and 

endothelium  in - v i t r o  and on endo the lium  in -v iv o  (D u s tin  e t a l ,  1986). 

Surface expression o f ICAM-1 on c u ltu re d  e n d o th e lia l c e l ls  is  increased by 

tumour n e c ros is  fa c to r  a. In te r le u k in  1, lym photoxin  and In te r fe ro n -  gamma 

(Pober e t a l ,  1986a, Pober e t a l ,  1986b, Pober e t a l ,  1987, Renkonen,

1989); Phorbol E s te r (Lane e t a l , 1989) or L ipo po lysacch arid e  (Pober e t a l .
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1986b). In  c o n tra s t,  ICAM2 is  c o n s t i t u t iv e ly  expressed on human u m b ilic a l 

v e in  e n d o th e lia l c e l ls ,  bu t u n lik e  ICAM-1, i t s  exp ress ion  is  not increased 

by IPS {S taunton e t a l ,  1989). VCAM is  m in im a lly  expressed on un s tim u la ted  

human u m b ilic a l ve in  endothelium  bu t is  ra p id ly  induced by recombinant 

tumour ne c ros is  fa c to r  a, recom binant I L - lb  and L ipo po lysacch a rid e . In 

c o n tra s t to  ICAM-1, VCAM is  not induced on dermal f ib r o b la s ts  o r a r t e r ia l  

muscle c e l ls  a f te r  s t im u la t io n  w ith  recom binant tumour nec ros is  fa c to r ,  o r 

on k é ra tin o c y te s  a f te r  s t im u la t io n  w ith  recombinant in terfe ron-gam m a 

{C a rlos  e t a l , 1990).

The le uco cy te  rece p to rs  fo r  th e  im m unoglobulin adhesion m olecules are 

members o f the  in te g r in  fa m ily ,  CD11A/CD18 (LFA1) re ce p to r recogn ises 

ICAM-1 and ICAM2. W h ils t the  CD11B/CD18 (MAC1) re ce p to r o n ly  recogn ises 

ICAM-1 (Diamond e t a l ,  1990, Diamond e t a l ,  1991). ICAM-1 may a lso  b ind 

the  CD11C/CD18 (P150/95) m olecule (S ta lk e r  and s p r in g e r , 1991). The lig a n d  

fo r  VCAM is  the  ve ry  la te  an tigen  4 m olecule (VLA/4) (Shim izu e t a l ,

1991b). F u rthe r d iscu ss io n  o f  these in te ra c t io n s  w ith  re fe re nce  to  the  

c e l l  types in vo lve d  can be found in  the  se c tio n  under In te g r in  Function 

(see b e lo w ).

2 ,3 .9  In te g r in s

The term  in te g r in  was proposed in  1986 to  de sc rib e  a fa m ily  o f 

in te g ra l membrane re ce p to rs  though t to  l i n k  o r in te g ra te  the  cy to s k e le to n  

o f  one c e l l  w ith  th a t  o f  another c e l l  o r w ith  the  e x t r a c e l lu la r  m a tr ix  

(Hynes, 1987). The ro le  o f  in te g r in s  in  the  in te rn a l c y to s k e le to n  o f  the  

c e l l  is  much le ss  c le a r ly  de fine d  than the  ro le  o f the  in te g r in s  in  c e l l  to  

c e l l  adhesive in te ra c t io n  (Hogg, 1989). The in te g r in  fa m ily  c o n s is ts  o f  a 

s e r ie s  o f  he terod im ers in vo lve d  in  a v a r ie ty  o f c e l l  adhesion fu n c tio n s . 

Almost a l l  c e l l  types express these s tru c tu re s  and in te g r in s  extend through 

most o f the  phy logén ie  t re e .  These re ce p to rs  have seve ra l s t ru c tu ra l and
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fu n c tio n a l homologies so th a t  i t  is  b e lie ve d  th a t  they  d i f f e r e n t ia te d  from 

a common a n c e s tra l gene ( R u s o la t i l i  and P ie rschbacher, 1987, Dejana, 1991). 

Only fo u r  o f the  in te g r in  group have so fa r  been shown to  be d i r e c t ly  

in vo lve d  in  the  adhesion o f  the  le ucocy tes  to  e n d o th e lia l c e l ls .

A l l  o f  the  in te g r in s  are composed o f  two n o n -c o v a le n tly  lin k e d  

s u b -u n its  c a lle d  the  a lpha and beta s u b -u n it ,  and both o f  these are 

transmembrane p ro te in s .  The a lpha cha in is  the  la rg e r  o f the  two w ith  a 

m olecu la r w e igh t rang ing  from 150,000 to  200,000 in  non-reduced c o n d itio n s  

compared w ith  the  s m a lle r be ta  cha in  w ith  a m o lecu lar w e igh t o f 90,000 to  

110,000 in  non reduced c o n d it io n s . Both the  a lpha and beta cha ins presen t 

a sm all C te rm in a l cy top lasm ic  domain and a la rg e  N te rm in a l e x t r a c e l lu la r  

domain w ith  a s h o rt transmembrane segment (Hogg, 1991).

There were p re v io u s ly  though t to  be th re e  main groups o f in te g r in s  

based on the  sha rin g  o f  a common beta sub u n it  (be ta  1, 2 or 3) by v a rio u s  

alpha sub u n its .  However, i t  is  now known th a t  a t  le a s t e ig h t d i f f e r e n t  

be ta cha ins have been c h a ra c te r is e d  and genomic a n a ly s is  suggests th a t  

th e re  may be a t le a s t  f i f t e e n  be ta  sub u n its .  In  a d d it io n ,  a t le a s t 

th ir te e n  d i f f e r e n t  a lpha cha ins have been described so f a r .  Since i t  is  

known th a t  many d i f f e r e n t  com binations o f  alpha and be ta  sub u n it  can 

e x is t ,  t h is  is  p o te n t ia l ly  a la rg e  fa m ily  o f s im i la r  m olecu les. S ince new 

a lpha and beta cha ins are l i k e ly  to  be d iscovered th e  o r ig in a l 

c la s s i f ic a t io n  us ing ju s t  the  beta 1, 2 and 3 cha ins has c le a r ly  become 

in s u f f ic ie n t  and any subsequent c la s s i f ic a t io n  would be n e c e s s a r ily  

considered p ro v is io n a l.  However, from  the  p o in t o f  view o f  adhesion o f 

leucocy tes  to  e n d o th e lia l c e l ls ,  the  o r ig in a l c la s s i f ic a t io n  is  s t i l l  o f  

use s ince  i t  encompasses a l l  the  m olecules in vo lve d  (Hogg, 1991). The 

th re e  main groups under t h is  system are :

1 Beta 1 (CD29) o r the  VLA p ro te in s

2 Beta 2 (CD11/CD18 fa m ily )  o r the  leucocy te  in te g r in s
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3 Beta 3 (CD61) o r the  cy toadhes ins .

Since the  le uco cy te  adhesion m olecules a l l  f a l l  in to  the  beta 1 and beta 2

groups, I  w i l l  co n cen tra te  p r im a r i ly  on these.

The beta 1 fa m ily  m olecules are a lso  known as the  VLA (ve ry  la te  

a c t iv a t io n )  an tige ns  because two o f them, VLAl and VLA2 , appear on 

lymphocytes 2-4 weeks a f te r  a n t ig e n ic  s t im u la t io n  in - v i t r o  (Hemler, 1990). 

VLA4 (CD49D/CD29) is  an unusual be ta 1 in te g r in  expressed on re s t in g  

lym phocytes, monocytes and neura l c re s t de rived  c e l ls  and fu n c tio n s  as both

a m a tr ix  and c e l l  re c e p to r (Hemler, 1990). VLA4 is  the  o n ly  be ta 1

in te g r in  in v o lv e d  in  c e l l  adhesion.

The beta 2 in te g r in  group com prises th re e  m olecules th a t  are a l l  

in v o lv e d  in  the  adhesion o f  le uco cy te s  to  e n d o th e lia l c e l ls .  They a re :

1 CD11A/CD18 o r LFA1 (lym phocyte fu n c tio n  assoc ia ted  an tige n  1)

2 GD11B/CDI8 a lso  known as MAGI (macrophage 1)

3 CD11C/CD18 a lso  known as P I50-95

Each o f  the  th re e  beta 2 in te g r in s  is  c o n s t i t u t iv e ly  expressed on the  

n e u tro p h il plasma membrane and t h e i r  absence in  c e r ta in  h e r ita b le  

d e f ic ie n c ie s  causes severe d e f ic ie n c y  o f  n e u tro p h il adhesion (Zimmerman e t 

a l ,  1992, Anderson and S p rin g e r, 1987), w ith  o th e r fa ta l  consequences in  

ch ildh oo d  (Tab le  1 .3 ).
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Table 1 .3  Integrin fam ily of Adhesion Molecules.

INTEG&IN LIGAND CELL -TYPE

GD11a /C D I8 
LFAr4

All
Leucocytes

ICAM-1
ICAM-2

Endothelial cell 
Endothelial cell

co n  b/CDI 8
Mac-1 
P2 Faniez

Neutrophils 
Monocytes 
(Myeloid cells) 
Large Granular 
Lymphocytes

ICAM-1
Fibrinogen
Factor X

^ 3 b

Endothelial cell 
Thrombosis cascade 
Thrombosis cascade

Complement cascade

CD11C/CD18 
p i 5 0 -9 5
P2 Family

Neutrophils
Monocytes
Tissue
macrophages

C3b
ICAM-1

Complement cascade 
Endothelial cell

VLA-4
Pi Family 
CD29

Lymphocytes
Monocytes
Eosinophils
Basophils

VCAM Endothelial cell

4 3



2.3.10 Integrin  structure

The a lpha s u b -u n it  is  made up o f an amino a c id  cha in  which has 25% 

homology between th e  v a rio u s  known alpha cha ins. T h is  id e n t i t y  can 

inc rease  to  between 45 and 63% between sub u n its  o f  the  same group. A key 

fe a tu re  o f  the  a lpha sub u n it  is  seven homologous tandem repeated sequences 

( I - V I I )  o f  ap p ro x im a te ly  65 amino ac ids  found a t th e  W te rm in us . Three 

(V -V II)  o r fo u r  ( IV - V I I )  o f  these domains (depending on the  p a r t ic u la r  

a lpha sub u n it )  c o n ta in  p u ta t iv e  d iv a le n t  c a tio n  b in d in g  s ite s  (Hogg,

1991). As in te g r in  fu n c tio n  is  e i th e r  magnesium o r ca lc ium  dependent, the  

d iv a le n t  c a tio n s  must e x e r t t h e i r  e f fe c ts  by b in d in g  to  these s ite s .  

D if fe re n t  cha ins  use d i f f e r e n t  c a t io n s , fo r  example, CD11A/18 b inds 

magnesium whereas VLA5 b inds ca lc ium  (S taa tz  e t a l ,  1989). Some in te g r in s  

in c lu d in g  the  beta 2 fa m ily  and VLAl and 2 a lso  co n ta in  an in s e rte d  or 

I- re g io n  o f about 200 amino ac ids  lo c a te d  between repeated domains 2 and 3. 

These domains are s im i la r  to  those found in  o th e r p ro te in s  such as Von 

W ille b ra n d  fa c to r ,  c a r t i la g e  m a tr ix  p ro te in  and complement fa c to r  

(K ish im oto  e t a l ,  1989, Larson e t a l ,  1989). The fa c t  th a t  these domains 

b ind  to  c o lla g e n , c a r t i la g e  p ro te og lycan  or complement component C3b 

suggests th a t  the  I- re g io n  may a lso  be in vo lve d  in  s im i la r  lig a n d  b in d in g  

(Hogg, 1991).

The beta cha ins th a t  have so fa r  been ch a ra c te ris e d  presen t a 

r e la t iv e ly  h igh amino a c id  sequence homology between 37-48%. The best 

preserved areas appear to  be in  th e  cy top lasm ic  and transmembrane domains. 

There is  a h ig h ly  c ro s s - lin k e d  fo u r  domain sequence c o n ta in in g  37-56 

cy s te in e s  w ith in  a s tre tc h  o f 190 amino ac ids  (Hogg, 1991). S tud ies o f the  

beta 3 chain have demonstrated th a t  the  am ino -te rm ina l reg ion  is  fo ld e d  

in to  a la rg e  d is u lp h id e  bonded loop formed between cys te in e s  near the  amino 

te rm inus and those o f  the  f i r s t  c y s te in e  which repeat (Beer and C o lle r ,  

1989). There is  a lso  an area o f h igh  homology a t th e  end term inus
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which is  though t to  p a r t ic ip a te  in  a lpha beta he terod im er fo rm a tio n . I t  is  

a lso  suggested th a t  an a s s o c ia tio n  o f  the  amino te rm in a l g lo b u la r  domains 

o f  the  alpha and be ta s u b -u n its  form  the  e x t r a c e l lu la r  lig a n d  b in d in g  

reg ions  o f  th e  re ce p to r (A lbeda and Buck, 1990, D'Souza e t a l ,  1988)

(F ig u re  1 .4 ).

Some in te g r in s ,  bu t not a l l  o f  them, recogn ise  in  t h e i r  lig a n d  a 

sequence o f  amino ac ids  which form  a t r ip e p t id e  ARG-GLY-ASP (RGD amino ac id  

code) (Hogg, 1991). T h is sequence is
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Fig 1.4 The Integrin family

Inserted domain on ctL, 
aM and aX, which aids 
ligand recognition.

+ = Divalent cation 
binding site for calcium 
or magnesium which may 
alter the conformation of 
the binding site to 
increase avidity for 
ligands.

a  -C H A IN  

1100 amino acids

TRANSMEMBRANE

CYTOPLASMIC

P -CHAIN
750 aminoacids

aLpZ = CD 11 a/CD 18 or LFA-1 

oMp2 = CD 1 lb /C D  18 or Mac-1 

aXp2 = C D U  /CD 18 or pi 50,95  

a 5 p i = CD49d or VLA-4
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presen t on many p ro te in s  a lthough  no t a l l  are recogn ised by an in te g r in  

re c e p to r. P ro te in s  in vo lve d  in c lu d e  f ib r in o g e n , v i t r o n e c t in ,  f ib r o n e c t in ,  

throm bospondin. Von W ille b ra n d  fa c to r ,  and a lso  non adhesive p ro te in s  such 

as throm bin (O ldberg e t a l ,  1988, B a r-S h av it e t a l ,  1991).

A part from th e  be ta  1, be ta  2 and beta 3 cha in s , a d d it io n a l beta 

cha ins have been re c e n t ly  sequenced (Hemler, 1990, G insberg e t a l ,  1988). 

The beta 4 cha in (Kennel e t a l ,  1989) the  beta 5 cha in  (Hem ler, 1990) and 

the  beta 6 cha in (Sheppard e t a l ,  1990) have been sequenced and a t le a s t 

th re e  a d d it io n a l beta cha ins have been described a lthough  not sequenced; 

Beta p in  lymphocytes (Holzmann e t a l ,  1989), the  beta cha in o f  the  

melanoma la m in in  re ce p to r (Kramer e t a l ,  1989) and the  beta 3b in  

macrophages (K rissansen , 1990).

I t  can be seen th a t  the  p o te n t ia l fo r  d iv e r s i t y  w ith in  th e  in te g r in  

fa m ily  is  la rg e  and th e re fo re  members o f  the  group are expected to  p la y  a 

p a r t  in  w id e ly  d i f f e r e n t  c e l lu la r  adhesive fu n c tio n s .

2 .3 .11  In te g r in  fu n c tio n

The c e l ls  which express th e  in te g r in  m olecules assoc ia ted  w ith  

c e l lu la r  adhesion can be seen in  Table 1.3 along w ith  lig a n d s  on 

e n d o th e lia l c e l ls .  I t  can be seen th a t  the  su rface  adhesion m olecules on 

e n d o th e lia l c e l ls  th a t  are recogn ised by the  in te g r in s  are in  fa c t  the  

im m unoglobulin m olecules ICAM-1, ICAM2 and VCAM (S p rin g e r, 1990). CD11A is  

found on a l l  leucocy tes  but CD11B and CD11C are in  genera l con fined  to  the  

c e l ls  o f the  m yelo id  lin e a g e . Because GDI 1C is  most h ig h ly  expressed by 

t is s u e  macrophages i t s  a c t iv i t i e s  have been more d i f f i c u l t  to  in v e s t ig a te  

(Hogg, 1991). The VLA 4 in te g r in  is  p resen t on lym phocytes, monocytes, 

ba so p h ils  and e o s in o p h ils  bu t not n e u tro p h ils .

For n e u tro p h ils  the  GDI IB sub u n it  p r im a r i ly  mediates s tim u la te d  

n e u tro p h il b in d in g  to  endothelium  (H arlan  e t a l ,  1985) a lthough  the  CD11A
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s u b u n it a lso  c o n tr ib u te s  to  adherence (F o rsy th  and Lev insky, 1989). In  the  

case o f  monocytes a l l  th re e  CD11 m olecules have been im p lic a te d  in  b in d in g  

to  endothelium  (A rnaout e t a l ,  1988). Monocytes can a ls o  b ind  to  VLA4 and 

t h is  may a lso  be one o f the  m ajor lymphocyte t r a f f i c k in g  pathways (Shim izu 

e t a l ,  1991).

D iffe re n c e s  c le a r ly  e x is t  in  th e  mechanisms by which the  in te g r in  

group o f  adhesion m olecules inc rease  o r decrease c e l lu la r  a f f i n i t y ,  in  

terms o f the  ways in  which c e l l  adhesion can be in flu e n c e d  using t h e ir  

d i f f e r e n t  b in d in g  pathways. The fu n c tio n a l s ta tu s  o f  the  im m unoglobulin 

lig a n d s  ICAM-1, ÎCAM2 and VCAM a lso  have a p a rt to  p la y  in  in f lu e n c in g  the  

process. In  the  case o f  CD11A (LFA1) changes in  c e l l  adhesion due to  

b in d in g  o f t h is  m olecule have been shown to  be due to  q u a l i t a t iv e  ra th e r  

than q u a n t i ta t iv e  change in  the  c e l l  su rface  expression o f  the  m olecu le.

The fa c t  th a t  no new m olecules need to  be expressed on the  su rface  o f  the  

le uco cy te  in  o rde r fo r  increased adhesion to  occur is  lo g ic a l because i t  is  

known th a t  adhesion by c y to to x ic  T -c e lls  can be re g u la te d  over a very  sh o rt 

tim e s c a le ; they can adhere to  ta rg e t  c e l ls ,  d e liv e r  a le th a l h i t ,  detach 

and engage w ith  another ta rg e t  c e l l ,  w ith  a c y c le  tim e as s h o rt as 1-5 

m inutes (Poenie e t a l ,  1987). T he re fo re  a ra p id  mechanism fo r  in c re a s in g  

the  adhesive p o te n t ia l o f  the  c e l l  is  re q u ire d . We know th a t  increased 

exp ress ion  o f  ICAM-1, the  lig a n d  fo r  CD11A, a f te r  c y to k in e  in d u c tio n  is  

d e te c ta b le  in - v i t r o  o r in - v iv o  a f te r  4-6 hours and is  maximal by 9-24 hours 

(Munro e t a l ,  1989). T h is  makes i t  a cand idate  fo r  in i t i a t i n g  a s low er 

more sus ta ined  increase  in  adhesion ra th e r  than the  ra p id  increase  th a t  is  

re q u ire d  in  o th e r in flam m ato ry  s i tu a t io n s .  Leucocytes tre a te d  in - v i t r o  

w ith  phorbol e s te r show an increased adhesion to  e n d o th e lia l c e l ls  w ith  no 

dem onstrable u p re g u la tio n  o f e i th e r  ICAM-1 o r CD11A (R o th le in  e t a l ,  1986). 

Th is ra p id  u p re g u la tio n  is  mediated by CD11A and can be exp la ined  by 

experim ents showing th a t  s t im u la t in g  re s t in g  T-lym phocytes w ith  phorbol
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e s te rs , o r c ro s s - l in k in g  the  T -c e ll re ce p to r w ith  monoclonal a n tib o d ie s  

conve rts  c e l lu la r  CD11A from a low to  a h igh a f f i n i t y  s ta te  w ith  no change 

in  su rface  d e n s ity  (D u s tin  and S p rin g e r, 1989). A f f i n i t y  peaks 5-10 

m inutes a f te r  s t im u la t io n  o f  the  T -c e ll re ce p to r (TCR) and re tu rn s  to  

re s t in g  va lues by 30 m inutes. The tra n s ie n c e  o f  the  h igh a f f i n i t y  s ta te  

p ro v id es  a mechanism fo r  re g u la t in g  lymphocyte adhesion. Contact o f  T -c e ll 

rece p to rs  w ith  c e l ls  be a ring  s p e c if ic  an tigen  generates in t r a c e l lu la r  

s ig n a ls  th a t  lead to  the  convers ion o f  CD11A to  a h igh a f f i n i t y  s ta te  and 

re g u la te s  CD11A/ICAM-1 dependent adhesion in  an an tige n  s p e c if ic  manner. 

CD11A is  a f le x ib le  adhesion m olecule c o n tro lle d  by the  TCR (S p rin g e r,

1990).

As p re v io u s ly  suggested the  b in d in g  o f d iv a le n t  c a tio n s  is  c ru c ia l 

fo r  in te g r in  a c t iv a t io n .  I t  appears th a t  ca lc ium  is  bound to  in a c t iv e  

CD11A and must be d isp la ce d  as a p re lude  to  in d u c tio n  o f an a c t iv a te d  

in te g r in .  T h is  suggests th a t  ca lc ium  and magnesium may have c r i t i c a l  and 

d i f f e r in g  e f fe c ts  on the  c o n firm a tio n  o f the  re c e p to r. T h is  mechanism has 

im p lic a tio n s  fo r  the  r o l l in g  o f  leucocy tes  on the  e n d o th e lia l su rface  

w h i ls t  the  s e le c t in  group o f m olecules mediate th e  ra p id  attachm ent and 

detachment o f  leucocy tes  to  endo the lium . The subsequent s trong  b in d in g  is  

mediated v ia  the  in te g r in  m olecu les, a mechanism by which b in d in g  o f a 

leucocy te  to  an e n d o th e lia l c e l l  v ia  a s e le c t in  pathway subsequently 

increases the  a v id i t y  o f  the  in te g r in  rece p to r on th e  le u co cy te  may e x is t .  

I t  is  a lso  l i k e ly  th a t  the  t ig h t  b in d in g  o f  the  in te g r in  v ia  i t s  lig a n d  in  

some way loosens th e  a d h e s iv ity  o f  th e  s e le c t in  pathway thus a llo w in g  

deadhesion o f  the  le uco cy te  and movement in to  the  sub e n d o th e lia l t is s u e s  

(S p rin g e r, 1990).

In t r a c e l lu la r  s to rage  poo ls  f o r  CD11B and CD11C have been 

dem onstrated in  phagocytes (B a in ton  e t a l ,  1987, Lacal e t a l ,  1988, M i l le r  

e t  a l ,  1987), bu t no cy top lasm ic  s to rage  has been id e n t i f ie d  fo r  CD11A.



N e u tro p h il and monocyte exp ress ion  o f CD11B and GDI 1C increases fo llo w in g  

the  s t im u la t io n  by a number o f  fa c to rs ,  bu t the  su rface  expression  o f  CD11A 

is  not a p p re c ia b ly  increased by s t im u la t io n .  T h is  suggests th a t  increased 

le uco cy te  b in d in g  mediated by CD11A may occur in  a d i f f e r e n t  fash ion  to  

b in d in g  mediated through GDI IB and 11G. S tim u la n ts  which have been shown 

to  increase  th e  n e u tro p h il and monocyte expression o f  GD11B and GD11G 

in c lu d e  ca lc ium  ionophore, phorbol e s te r,  and fMLP ( f -m e t- le u -p h e ) , w ith  

th e  la t t e r  two being in vo lve d  in  re g u la t io n  o f p h o sp h o ry la tio n  o f  the  beta 

2 su b u n it {F reye r e t a l ,  1988, Vedder and H arlan , 1988, G h a tila , 1990,

Buyon e t a l ,  1990). O ther s t im u la to rs  in c lu d e  GM-CSF (Lopez e t a l ,  1986, 

Devereux e t a l ,  1989, Sol in s k i e t a l ,  1988), G5a and TNF (Lo e t a l ,  1989a, 

Gamble e t a l ,  1985), TDGF and LTB4 ( M i l le r  e t a l ,  1987) and increases in  

ambient tem perature  (D ra n s f ie ld  e t a l ,  1986, S ch le iffenbaum  e t a l 1898). 

However, increased su rfa ce  exp ress ion  o f  GDI 1b may not a c tu a lly  cause 

increased adherence. Increased s u rfa ce  expression o f  GDI 1b has not 

n e c e s s a r ily  led  to  inc rease  in  the  adherence o f  n e u tro p h ils  to  endothelium  

monolayers in - v i t r o  (Lo e t a l ,  1989b). I t  has been shown th a t  trea tm e n t o f 

n e u tro p h ils  w ith  recom binant human GM-GSF produces an increase  in  su rface  

exp ress ion  o f  GDI 1b bu t does not augment adherence to  endothelium  (Lopez e t 

a l ,  1986). In  a d d it io n ,  increased adhesion can occur w ith o u t increased 

su rface  expression o f GDI 1b. I f  an an ion channel b lo c k in g  agent is  used to  

in h ib i t  su rface  exp ress ion  o f  GDI 1b n e u tro p h ils  can s t i l l  show increased 

adherence to  endothelium  (Vedder and H arlan , 1988). W hile  these f in d in g s  

do not exclude a c o n tr ib u t io n  o f  u p re g u la tio n  to  increased n e u tro p h il 

adhesiveness, they in d ic a te  th a t  increased su rface  expression  is  n e ith e r  

necessary nor s u f f ic ie n t  fo r  increased adherence to  endo thelium . I t  seems 

l i k e l y  th a t  increased adhesiveness re s u lts  p r im a r i ly  from  a l te ra t io n s  in  

the  con form ation  o f  GD11b/GD18 (C a rlos  and Harlan 1990). GDI 1b has o th e r 

ro le s  ap a rt from adherence to  c y to k in e  a c tiv a te d  endothelium  v ia  the  IGAM-1

50



re ce p to r (Sm ith e t a l ,  1989, Diamond e t a l ,  1990). I t  p lays  a ro le  i f  

phagocytos is  v ia  iC 3b-coup led immune complexes (Ross e t a l ,  1989). CDIIb 

a ls o  a c ts  d i r e c t ly  as a re ce p to r fo r  pathogens. I t  b inds zymosan, the  

yeast c e l l  w a ll po lysa ccha ride  (Ross 1985), lip o p o ly s a c c h a r id e  from the  

b a c te r ia l o u te r membrane (W righ t e t  a l ,  1989) and the  haem agg lu tin in  o f 

b o rd e te lla  p e r tu s s is  (Reiman e t a l ,  1990).

The GDI 1c m olecule is  th e  le a s t  w e ll understood o f  the  beta 2 

in te g r in s .  I t s  e n d o th e lia l c e l l  re ce p to r is  as ye t unknown. I t  is  known 

th a t  GDI 1c p resen t on t is s u e  c u ltu re  matured monocytes behaves l i k e  a 

re ce p to r fo r  complement p roducts  in  th a t  i t  has s p e c i f ic i t y  fo r  IG3b 

(Myones e t a l ,  1988). I t  has been shown to  p lay  a ro le  in  adherence o f 

monocytes to  endothelium  in - v i t r o  (S tacke r and S p rin g e r, 1991).

The b in d in g  o f  VLA4, the  fo u r th  in te g r in  in vo lve d  in  c e l l  adhesion, 

to  the  e n d o th e lia l c e l l  lig a n d  VGAM has been shown by seve ra l groups 

(Vennegoor e t a l ,  1992, Rice e t a l ,  1990). VLA4 p lays  a m ajor p a r t  in  the  

t r a f f i c k in g  o f lym phocytes in to  the  t is s u e s  but is  not p resen t on 

n e u tro p h ils  (R ice  e t  a l ,  1991). T h is  has been dem onstrated using a T c e l l  

l in e ,  c u ltu re d  in - v i t r o ,  which does not c a rry  any o f  the  beta 2 in te g r in s

on i t s  s u rfa ce . Adhesion o f t h is  c e l l  l in e  to  c y to k in e  s tim u la te d

e n d o th e lia l c e l ls  can s t i l l  occu r, thus dem onstra ting  a be ta 2 in te g r in  

independent pathway (Vennegoor e t a l ,  1992). However, the  e f fe c t  o f  

cy to k in e s  on the  VLA/VGAM pathway has been less  f u l l y  in v e s t ig a te d  and i t

is  no t known whether VLA4 a d h e s iv ity  can be enhanced in  a s im i la r  way to

th e  beta 2 in te g r in  group.

2 .4 . C ytok ines in  th e  in flam m ato ry  response

2 .4 .1  In tro d u c t io n

In flam m atory re a c tio n s  are alm ost in e v ita b ly  assoc ia ted  w ith  s p e c if ic  

types o f  le uco cy te  i n f i l t r a t i o n .  S ince the  id e n t i t y  o f  the  le uco cy te  and
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degree o f the  i n f i l t r a t i o n  depend on the  na tu re  o f the  s tim u lu s  and 

tem poral s ta te  o f  the  le s io n , i t  fo llo w s  th a t  some c y to k in e s  should be 

s p e c if ic  fo r  a g iven  type  o f le u co cy te  {Matsushima e t a l ,  1992). V arious 

types o f  le uco cy te  and e n d o th e lia l de rive d  c y to k in e s  have been id e n t i f ie d  

s in ce  the  e a r ly  1970s {Verghese e t a l ,  1989). Advances in  b io tech no log y  

have a llow ed p u r i f ie d  n a tu ra l o r recom binant cy to k in e s  to  be a v a ila b le  in  

la rg e  q u a n t i t ie s ,  which has a llow ed many re p ro d u c ib le  s tu d ie s  to  be c a r r ie d  

o u t, both in - v i t r o  and in - v iv o .  The one drawback to  t h is  work is  th a t  

comparison o f the  in - v iv o  in flam m ato ry  response, where a l l  the  re le v a n t 

c y to k in e s  are w ork ing to g e th e r , to  th e  in - v i t r o  s i tu a t io n  where on ly  one or 

two c y to k in e s  can be s tu d ie d  a t one tim e , may not be s t r i c t l y  accu ra te . 

Aga in , in - v iv o  experim ents in v o lv in g  la rg e  n o n -p h y s io lo g ic a l doses o f 

in je c ta b le  c y to k in e s  may no t be re le v a n t to  the  in d iv id u a l c y to k in e  a c tio n s  

d u rin g  in flam m atio n . The fo l lo w in g  is  an account o f  those c y to k in e s  which 

are known to  p la y  a ro le  d u rin g  in fla m m a tio n , p a r t ic u la r ly  w ith  respec t to  

the  adhesive p ro p e r t ie s  o f e n d o th e lia l c e l ls  and le uco cy te s .

Cytokines are re g u la to ry  m olecu les. They are  produced by a v a r ie ty  

o f  c e l l  types and e x is t  to  c o o rd in a te  the  development and a c tio n  o f 

m u l t i - c e l lu la r  organism s. They are  p robab ly  very  b a s ic  in  e v o lu tio n a ry  

term s, f a c i l i t a t i n g  the  p ro g re ss ion  from u n ic e l lu la r  to  complex m u lti 

c e l lu la r  l i f e  form s. They have been de fined  as fo llo w s : c y to k in e  is  one 

term  fo r  a group o f  p ro te in  c e l l  re g u la to rs , v a r io u s ly  c a lle d  le uco k ine s , 

monokines, in te r le u k in s  and in te r fe ro n s ,  which are produced by a wide 

v a r ie ty  o f  c e l ls  in  the  body, p la y  an im portan t ro le  in  the  many 

p h y s io lo g ic a l responses, are in v o lv e d  in  the  pa thophys io logy  o f a range o f 

d iseases and have th e ra p e u tic  p o te n t ia l ( B a l l iw i l l  and Burke, 1989). In  

a d d it io n ,  c y to k in e s  a l l  a f fe c t  in  some way the  fu n c tio n s  o f th e  immune 

system and are im p o rtan t m ed ia to rs o f  in flam m ato ry  responses.

Cytokines d i f f e r  from hormones because they u s u a lly  have an a c tio n

52



over very  s h o rt d is ta n ce s  as a u to c r in e  o r p a ra c rin e  in te r c e l lu la r  s ig n a ls ,  

and on ly  o c c a s io n a lly  have w idespread system ic a f fe c ts .  Hormones, in  

c o n tra s t,  are  u s u a lly  produced by w e ll de fined  endocrine  glands and have a 

ro le  in  whole body haemostasis v ia  th e  c ir c u la t io n .  C ytok ines are not in  

con s tan t p ro d u c tio n , u n lik e  hormones which are c o n s t i t u t iv e ly  produced, but- 

are syn thes ised  and re leased in  response to  emergencies, h e lp in g  to  

a c t iv a te  c e l ls ,  p a r t ic u la r ly  o f the  immune system.

C ytokines have seve ra l common c h a ra c te r is t ic s :

1 They are s im p le  p o lyp e p tid e s  o r g ly c o p ro te in s .

2 C o n s t itu t iv e  p ro d u c tio n  is  low o r absent. P roduction  is  re g u la te d  by 

v a rio u s  in duc ing  s t im u li a t  the  le v e l o f t r a n s c r ip t io n  or t r a n s la t io n .

3 C ytok ine p ro d u c tio n  is  t r a n s ie n t  and the  a c tio n  ra d iu s  is  u s u a lly  

s h o rt { ty p ic a l a c tio n  is  a u to c r in e  o r p a ra c rin e , no t e n d o c rin e ).

4 C ytokines produce t h e i r  a c tio n s  by b in d in g  to  s p e c if ic  h igh a f f i n i t y  

c e l l  su rface  re c e p to rs .

5 Most c y to k in e  a c tio n s  are  brought about by gene exp ress ion in  the  

ta rg e t  c e l ls .  P h e n o ty p ic a lly  c y to k in e  a c tio n s  lead to  an inc rease  or 

decrease in  the  ra te  o f  c e l l  p r o l i f e r a t io n ,  change in  c e l l  d i f f e r e n t ia t io n  

s ta te  o r a change in  the  exp ress ion  o f  some d i f fe r e n t ia te d  fu n c tio n .

6 A lthough the  range o f  a c t io n  d isp la ye d  by in d iv id u a l c y to k in e s  can be 

broad and d iv e rs e , a t le a s t  some a c tio n s  o f each c y to k in e  are ta rg e te d  a t 

haemopoetic c e l ls  {V ile e k  and Le, 1991).

The change seen in  e n d o th e lia l c e l ls  in  response to  c y to k in e s  have 

been termed e n d o th e lia l a c t iv a t io n  {Pober, 1988). T h is  c o n tra s ts  w ith  the  

changes seen in  e n d o th e lia l c e l ls  in  response to  s t im u l i which do not 

provoke p ro te in  s y n th e s is , such as s e c re to ry  c e l l  d e -g ra n u la tio n  in  

response to  h is tam ine  o r th rom b in . T h is  has been termed e n d o th e lia l 

s t im u la t io n  {Pober and C otran, 1990).

The e a r l ie s t  observab le  changes du rin g  the  acute in flam m ato ry
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response are haemodynamic changes and these are mediated v ia  the  

e n d o th e lia l c e l l .  The agents re sp o n s ib le  fo r  these changes are not 

cy to k in e s  because de novo p ro te in  s yn th e s is  would take  too  long to  be 

e f fe c t iv e ,  th e re fo re  o th e r more ra p id ly  produced m olecules are in vo lve d  and 

these w i l l  be mentioned here fo r  com pleteness. V a s o d ila t io n  causes 

increased blood f lo w  and th e re fo re  increased numbers o f  lo c a l ly  c ir c u la t in g  

le u co cy te s . V a s o d ila t io n  is  due to  th e  re la x a tio n  o f va scu la r smooth 

muscle tone . T h is  is  accom plished in  a two step fa s h io n . A gon is ts  such as 

h is ta m in e , throm b in and le u c o tr ie n e  C4 (LTC4) which are produced very 

ra p id ly  du rin g  the  very  e a r ly  stages o f  acute in fla m m a tio n , ac t on 

e n d o th e lia l c e l ls  and provoke re lea se  o f secondary m ed ia to rs which are 

resp o n s ib le  fo r  smooth muscle re la x a tio n  (Brenner e t a l ,  1989). Two w e ll 

described  e n d o th e lia l c e l l  p roducts  are  thought to  be im p o rtan t in  

v a s o d ila t io n  and a fu r th e r  p roduct is  known to  have a v a s o c o n s tr ic to r  ro le .  

These are p ro s ta c y c lin  (PG I2), n i t r i c  ox ide  (o r e n d o th e lia l de rive d  

re la x in g  fa c to r )  and e n d o th e lin  (e n d o th e lia l c e l l  c o n tra c t in g  fa c to r )  

(Dinh-Xuan e t a l ,  1989).

PGI2 is  an a ra c h id o n ic  a c id  m e ta b o lite  which is  syn thes ised  and 

secre ted by e n d o th e lia l c e l ls  in  response to  e le v a tio n  o f  cy top lasm ic  fre e  

ca lc ium  through an in o s i to l  tr ip h o s p h a te  dependent mechanism. E levated 

ca lc ium , in  tu rn ,  is  b e lie ve d  to  a c t iv a te  phospho lipase A2 which leads to  

re lease  o f  a ra c h id o n ic  a c id  from membrane p h o sp h o lip id  (J a f fe  e t a l ,  1987). 

The le v e ls  o f the  enzyme which c o n ve rt a ra ch id o n ic  a c id  to  p ro s ta c y c lin  are 

s u b je c t to  c o n tro l by o th e r c y to k in e s  in vo lve d  in  in flam m atio n  such as 

in te r le u k in  1 o r tumour n e c ros is  fa c to r ,  both o f  which inc rease  the  

p ro s ta c y c lin  re lease  from e n d o th e lia l c e l ls  a f te r  s t im u la t io n  w ith  throm bin 

and h is ta m in e  (Zavidco e t a l ,  1989).

I f  th e  endothelium  is  tre a te d  w ith  indom ethacin, a cyclo-oxygenase 

in h ib i t o r ,  then the  t is s u e s  are  s t i l l  ab le  to  c o n tra c t and re la x  p o in tin g
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to  another mechanism independent o f th e  a ra ch id o n ic  m e ta b o lite s . Two 

fa c to rs  have been id e n t i f ie d ,  a lthough  th e re  may be more ye t to  be 

d iscove red . These are n i t r i c  ox ide  (EDRF) and e n d o th e lin  (EDCF). N i t r i c  

ox ide  is  a s im p le  bu t h ig h ly  d i f fu s a b le  gas, and e n d o th e lin  is  a more 

complex s t ru c tu re  p e p tid e  both produced by e n d o th e lia l c e l ls .  N i t r i c  ox ide

ac ts  by in du c ing  re la x a tio n  o f  u n d e rly in g  smooth muscle by enhancing 

in t r a c e l lu la r  c y c l ic  GMP le v e ls .  T h is  a c tio n  is  comparable to  th a t  o f  

n i t r o -v a s o d i la to rs  and n i t r i c  ox ide  can be regarded as an endogenous 

v a s o d ila to r  {Dinh-Xuan e t a l ,  1989). The mechanism o f a c tio n  o f e n d o th e lin  

is  less  c e r ta in  bu t may depend on an in f lu x  o f e x t r a c e l lu la r  ca lc ium . I t s

ro le  as a c o n tra c t in g  fa c to r  is  le ss  c le a r ly  d e fin e d .

2 .4 .2  The ro le  o f  in te r le u k in -1  and tumour ne c ro s is  fa c to r

In te r le u k in  1 ( IL -1 )  and tumour n e c ros is  fa c to r  (TNF) e l i c i t  a se t o f 

p ro - in flam m ato ry , p ro -th ro m b o tic  responses in  va scu la r e n d o th e lia l c e l ls ,  

which la rg e ly  ove rla p  w ith  each o th e r (Mantovani e t a l ,  1989). In  many 

fu n c tio n a l aspects they can be considered to g e th e r.

In te r le u k in  1 ( IL -1 )  is  a term  encompassing two p o lyp e p tid e s  ( I L - la  

and I L - lb )  which share the  same c e l l  su rface  rece p to rs  and have very  

s im i la r  b io lo g ic a l a c t iv i t y .  IL -1  is  no t c o n s t i t u t iv e ly  produced by c e l ls  

o f th e  immune system however, p ro d u c tio n  can be induced under s t im u la to ry  

c o n d itio n s  in  many c e l l  type s , most n o ta b ly  by mononuclear phagocytes. I t  

is  produced in  la rg e  amounts in  response to  in fe c t io n ,  in flam m ato ry  agents, 

m ic ro b ia l to x in s ,  p roducts  o f  a c t iv a te d  lym phocytes, complement and 

c lo t t in g  components (D in a re llo ,  1992). In te r le u k in  1 rece p to r 

a n ta g o n is t ( IL -IR A ) is  produced c o n c u rre n tly  w ith  IL -1 , t h is  m olecule is  

though t to  ac t as an a n ta g o n is t to  th e  a c tio n s  o f  IL -1  and he lp  to  l im i t  

in flam m ation  and a id  re s o lu tio n  (D in a re llo  and Thompson, 1991).

IL -1 , tumour ne c ro s is  fa c to r  and IL -6  share the  a b i l i t y  to  s t im u la te
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T and B lym phocytes, augment c e l l  p r o l i f e r a t io n ,  and to  i n i t i a t e  o r 

suppress gene exp ress ion  fo r  seve ra l p ro te in s  (D in a re llo ,  1992). Many 

d i f f e r e n t  agents s t im u la te  IL -1  p ro d u c tio n  in c lu d in g  e n do to x in , e xo tox in s  

from staphylococcus and s trep to coccus  b a c te r ia , th rom b in , b i le  s a l ts ,  

androgen m e ta b o lite s , complement components and o th e r c y to k in e s  (D in a re llo ,

1991). A f te r  s t im u la t io n  by en do to x in , mononuclear c e l ls  produce peak IL-1  

b mRWA a t 3-4 hours and t h is  is  sus ta ine d  fo r  6-8 hours be fo re  decreasing  

ra p id ly  (D in a re llo ,  1991).

I f  IL -1  is  ad m in is te red  in tra v e n o u s ly  to  human re c ip ie n ts ,  such as 

those undergoing cancer the rapy  and bone marrow tra n s p la n ta t io n ,  i t  

produces fe v e r,  s le ep , a n o re x ia , ge n e ra lise d  m ya lg ia , a r th r a lg ia ,  headache, 

g a s t ro in te s t in a l d is tu rb a n c e , hypotension and shock (Sm ith e t a l ,  1990).

C o ncen tra ting  on the  e f fe c t  a t the  c e l lu la r  le v e l,  IL -1  can d i r e c t ly  

in h ib i t  c o n tra c t io n  o f  va scu la r smooth muscle (Beasley e t a l ,  1989) and can 

a ls o  induce slow (24-48 hours) p ro d u c tio n  o f PGI2 by increased le v e ls  o f 

th e  enzyme cyclo -oxygenase, the reby  causing v a s o d ila t io n  (Dejana e t a l ,  

1984). Tumour ne c ro s is  fa c to r  a c ts  in  a s im ila r  fa sh io n  (Okusawa e t a l

1988). E n d o th e lia l c e l ls  no rm a lly  p ro v id e  an a n ti-c o a g u la n t environm ent 

bu t exposure to  IL -1  a l te r s  t h is  and induces procoagu lan t a c t iv i t y .  

E n d o th e lia l c e l ls  show decreased p ro d u c tio n  o f t is s u e  type  plasminogen 

a c t iv a to r  and they augment p ro d u c tio n  o f  an in h ib i t o r  o f  plasminogen 

a c t iv a to r  (TPA) (B ev ilacqua  e t a l 1986). lL -1  a lso  increases le v e ls  o f 

p la te le t  a c t iv a t in g  fa c to r  (PAF) which is  a p la te le t  and leucocy te  

a c t iv a to r  and a lso  a v a s o c o n s tr ic to r  (see below) (B usso lin o  e t a l ,  1986).

C u ltu red  e n d o th e lia l c e l ls  exposed to  IL-1 inc rease  the  exp ress ion  o f 

adhesion m olecules which leads to  th e  adherence o f leucocytes to  the  

e n d o th e lia l c e l l  su rfa ce  (D in a re llo ,  1992). IL -1  i t s e l f  is  not d i r e c t ly  

chem otac tic , bu t can provoke re lease  o f o th e r chem otactic  c y to k in e s  such as 

In te r le u k in  8, monocyte chem otac tic  p ro te in  (MCP1), and co lony s t im u la t in g
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fa c to r  (CSF) {Broudy e t a i ,  1987, S ie f f  e t a l ,  1988, Wang e t a l ,  1989).

IL -1  a lso  induces p ro d u c tio n  o f  c y to k in e s  which in h ib i t  le uco cy te  adhesion 

and chem otactic  a c t io n , and t h is  p robab ly  rep resen ts  a ne ga tive  feedback 

c i r c u i t  which may l im i t  the  in flam m ato ry  response and have a ro le  to  p lay  

in  p ro te c t in g  the  e n d o th e lia l c e l l  from  p o te n t ia l damage by adherent 

leucocy tes  (Mantovani e t a l ,  1989).

In te r le u k in  1 in h ib i t s  e n d o th e lia l c e l l  p r o l i f e r a t io n  bu t promotes 

the  growth o f  smooth muscle c e l ls  and f ib r o b la s ts  (Raines e t a l ,  1989). I t  

induces p la te le t  de rive d  growth fa c to r  (PDGF) re lease  by e n d o th e lia l c e l ls  

and smooth muscle c e l ls  and t h is  may account fo r  i t s  p r o l i f e r a t iv e  e f fe c t  

on smooth muscle c e l ls  and f ib r o b la s ts .  I t  is  p o s s ib le  th a t  IL -1  has a 

ro le  to  p lay  in  not o n ly  the  va scu la r response to  in flam m atio n  and 

th rom bosis , bu t a ls o  in  th e  process o f a therogenes is  (Raines e t a l ,  1989).

IL -1  a l te r s  e n d o th e lia l c e l l  fu n c tio n  in  many ways and tumour 

ne c ro s is  fa c to r  a c ts  in  a ve ry  s im i la r  manner as do b a c te r ia l 

1ip o p o lysa cch a rid e s . Most o f  the  e f fe c ts  have delayed onset and are 

dependent on p ro te in  s y n th e s is  suggesting  an e f fe c t  a t the  DMA le v e l 

(Mantovani e t a l ,  1989).

Tumor ne c ro s is  fa c to r  (TNF) is  in  fa c t  made up o f  two m olecules TNFa 

(c a c h e c tin ) and TNF b ( ly m p h o to x in ). TNFa is  produced by many c e l ls  

in c lu d in g  f ib r o b la s ts ,  macrophages and T and B c e l ls ,  whereas TNFb is  a 

product p redom inan tly  o f  a c t iv a te d  lymphocytes (Manogue e t a l ,  1991). The 

TNFs are pe p tid es  o f  s im i la r  amino a c id  le ng th  between 150-250. Both 

induce n e c ros is  o f MET-A sarcoma o f mice in - v iv o  hence the  term  tumour 

ne c ro s is  fa c to r  (Ruddle e t a l ,  1991). For the  purposes o f  t h is  rev iew  both 

can be taken to g e th e r in  terms o f t h e i r  e f fe c ts  on e n d o th e lia l c e l l  

fu n c t io n ,  e s p e c ia lly  w ith  regard to  the  in flam m ato ry  response. However, 

TNFb may be le s s  a c t iv e  than TNFa in  in du c ing  CSF p ro d u c tio n , expression o f 

le uco cy te  adhesion m olecules and the  s t im u la t io n  o f  in te r le u k in  1 re lease
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(Mantovani e t a l ,  1989). TNF augments major h is to c o m p a t ib i l i t y  complex 

c la s s  I  an tige ns  in  e n d o th e lia l c e l ls  whereas IL -1  has l i t t l e  e f fe c t  on MHC 

exp ress ion (Pober e t a l 1987). TNF and IL -1  are a d d it iv e  in - v i t r o  a t 

optimum dosage in  in du c ing  v a rio u s  e n d o th e lia l c e l l  fu n c tio n s  in c lu d in g  

p rocoagu lan t a c t iv i t y  exp ress ion  o f  n e u tro p h il adhesion m olecules and CSF 

p ro d u c tio n  (Doukas and Pober, 1990).

2 .4 .3  In te r le u k in -8

In te r le u k in  8 ( IL -8 )  is  syn thes ised  by e n d o th e lia l c e l ls  (Shroder e t 

a l ,  1989) in  response to  s tim u lu s  by IL -1 , TNFa and LPS ( S t r e i te r  e t a l ,

1989). IL -8  is  a low m o lecu la r w e igh t p o lyp e p tid e  which can s t im u la te  

n e u tro p h il movement (chem okinesis) and i f  presented as a c o n c e n tra tio n  

g ra d ie n t can cause d ire c te d  chem otaxis (Matsushima e t a l ,  1989). IL -8  has 

seve ra l a c tio n s  on n e u tro p h ils  which are ap pa re n tly  c o n tra d ic to ry .  I t  

u p -re g u la te s  th e  exp ress ion  o f  the  b2 in te g r in s  on th e  n e u tro p h il s u rfa ce , 

thus  in c re a s in g  th e  adhesive p o te n t ia l (Detmers e t a l ,  1990), w h i ls t  a t the  

same tim e i t  dow n-regu la tes the  L -s e le c t in  m olecule by causing i t  to  be 

shed in to  the  e x t r a c e l lu la r  environm ent. Th is la t t e r  a c t iv i t y  led i t  to  be 

c a lle d  le uco cy te  adhesion in h ib i t o r  (LA I) (Gimbrone e t a l ,  1989). However, 

t h is  is  lo g ic a l when i t  is  re a lis e d  th a t  L -s e le c t in  is  im p o rtan t in  i n i t i a l  

c e l l  b in d in g , p a r t i c u la r ly  in  the  c e l l  r o l l in g ,  whereas the  b2 in te g r in s  

are im p o rtan t in  la te r  s tro n g e r b in d in g  fo llo w e d  by c e l l  m ig ra tio n . IL -8  

may be working to  f a c i l i t a t e  t h is  movement from su rface  b in d in g  to  

p e n e tra tio n  in to  th e  sub e n d o th e lia l m a tr ix . In  o th e r words i t  a c ts  to  

loosen n e u tro p h il a ttachm ent ra th e r  than cause com plete detachment (Pober 

and Cotran, 1990). T lymphocytes respond in  a s im i la r  fa sh io n  to  IL -8  

(Matsushima e t a l ,  1989).

In -v iv o  IL -8  in je c t io n  in to  th e  s k in  causes p redom inan tly  n e u tro p h il
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i n f i l t r a t i o n  w ith in  one hour and m axim ally a t 3 hours {Carsen e t a l ,  1989). 

I t  causes lym phocyte i n f i l t r a t i o n  as lower doses. IL -8  causes an in c rease  

in  vascu la r p e rm e a b ility  in  a n e u tro p h i1-dependent manner. In je c t io n  o f 

the  IL -8  in to  a ra b b it  k n e e - jo in t  causes massive n e u tro p h il e x tra v a s a tio n  

and m ig ra tio n  in to  the  j o in t ,  fo llo w e d  by lymphocyte i n f i l t r a t i o n  and jo in t  

d e s tru c t io n .  IL -8  may be an im p o rta n t fa c to r  in  d iseases which are 

c h a ra c te r is e d  by n e u tro p h il ia  and /o r n e u tro p h il i n f i l t r a t i o n  in to  organs. 

Examples are rheum atoid a r t h r i t i s ,  p s o r ia s is ,  g lo m e ru lo n e p h r it is , a d u lt 

re s p ira to ry  d is tre s s  syndrome, ischaem ic bowel d isease and ischaemia 

re p e rfu s io n  in ju r y .  IL -8  p robab ly  has pro in flam m ato ry  a c t iv i t i e s  in  these 

d iseases (Matsushima e t a l ,  1992).

IL -8  a lso  induces n e u tro p h il d e -g ra n u la tio n  measurable by re lease  o f 

c e l lu la r  c o n s t itu e n ts  such as b g lucu ron ida se , e la s ta s e , m yeloperoxidase, 

g e la tin a s e , and la c to fe r r in  (W illem s e t a l ,  1989). IL -8  a lso  e l i c i t s  a 

ra p id  re s p ira to ry  b u rs t through fo rm a tio n  o f superoxide and hydrogen 

pe rox ide  m olecules w ith in  th e  n e u tro p h il.  E os ino ph ils  and monocytes do not 

respond to  IL -8  which remains s e le c t iv e  fo r  n e u tro p h ils  and lym phocytes.

2 .4 .4  P la te le t  a c t iv a t in g  fa c to r

P la te le t  a c t iv a t in g  fa c to r  (PAF) is  a b io lo g ic a l ly  a c t iv e  

p h o s p h o lip id  which is  produced by a c t iv a te d  ra th e r than re s t in g  e n d o th e lia l 

c e l ls  (P re s c o tt e t a l ,  1984). S yn thes is  and re lease  is  s tim u la te d  by 

ag o n is ts  such as th rom b in , h is ta m in e  and le u c o tr ie n e  C4. S ynthesis is  v ia  

two enzymes -  a ca lc ium  dependent phospholipase A2 and a s p e c if ic  a c e ty l 

t ra n s fe ra s e , which are both re g u la te d  by ph osp ho ry la tio n  (Zimmerman e t a l ,

1992). PAF is  no t re leased in to  the  f lu i d  phase by e n d o th e lia l c e l ls  

in - v i t r o ,  bu t remains expressed on the  c e l l  su rfa ce . When a n e u tro p h il 

comes in to  c o n ta c t w ith  the  e n d o th e lia l c e l l  complete w ith  membrane-bound 

PAF m olecu le, then the  n e u tro p h il becomes a c tiv a te d  by u p re g u la tio n  o f
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CD11a/CD18 and CD11b/CD18, the  be ta  2 in te g r in s  (Zimmerman e t a l ,  1990). 

Thus, when PAF is  expressed by a c t iv a te d  e n d o th e lia l c e l ls ,  i t  ac ts  as a 

s ig n a l to  induce adhesiveness o f  n e u tro p h ils  (Zimmerman e t  a l 1992), T h is  

adhesion and a c t iv a t io n  o f a ta rg e t  c e l l  by a membrane bound m olecule on 

another c e l l  has been termed ju x ta c r in e  a c t iv a t io n  (Massague, 1990). T h is  

may he lp  to  lo c a lis e  the  s ig n a l and thus the  in flam m ato ry  response. O ve ra ll 

response is  a lso  l im ite d  by the  fa c t  th a t  PAF is  ra p id ly  degraded in  

a c t iv a te d  e n d o th e lia l c e l ls  (N a y lo r e t a l ,  1984). PAF in  the  f lu i d  phase 

i n - v i t r o  causes shedding o f  le u co cy te  L -s e le c t in  bu t i t  is  no t known i f  PAF 

bound on the  c e l l  su rfa ce  has the  same e f fe c t ,  a lthough  t h is  seems l i k e ly .

2 .4 .5  In te r fe ro n  g

In te r fe ro n  g (IFN g) was the  f i r s t  c y to k in e  to  be produced in  la rg e  

q u a n t i t ie s  by recom binant gene techno logy . I t  was th e re fo re  the  f i r s t  

c y to k in e  ab le  to  be te s te d  a g a in s t human u m b ilic a l ve in  e n d o th e lia l c e l ls  

and th e re fo re  much in fo rm a tio n  e x is ts  as to  i t s  mode o f  a c t io n . There are 

th re e  d i f f e r e n t  in te r fe ro n s ;  IFNg, INFa and IFNb. There is  however l i t t l e  

s im i la r i t y  in  gene s t ru c tu re  between these th re e . IFNg is  a 166 amino 

a c id  p ro te in  fo r  which the  gene is  lo ca te d  on chromosome 12 (N a y lo r e t a l ,

1984). IFNg p ro d u c tio n  takes p lace  in  a c tiv a te d  T lymphocytes bu t no t in  

o th e r c e l l  types (Maeyer e t a l ,  1991).

I n i t i a l  experim ents us ing IFNg and e n d o th e lia l c e l ls  showed th a t  i t  

was the  on ly  c y to k in e  th a t  can induce expression o f  C lass I I  MHO m olecules 

on the  e n d o th e lia l c e l l  su rfa ce  (C o ll in s  e t a l ,  1984), as w e ll as 

in c re a s in g  exp ress ion  o f  C lass I  an tige ns  (Pober e t a l ,  1983). The a c tio n  

o f  in te r fe ro n  g in  in du c ing  C lass I I  expression by HUVECS was im p o rtan t 

because beforehand i t  was though t th a t  expression o f  C lass I I  an tige ns  was 

th e  so le  p ro p e rty  o f bone marrow de rive d  an tigen  p re se n tin g  c e l ls  and 

t r a d i t io n a l  elements o f  the  immune system such as lymphocytes (Pober,
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1988). T h is  work dem onstrated very  c le a r ly  the  dynamic ro le  th a t  

e n d o th e lia l c e l ls  p la y  in  the  immune system.

The a b i l i t y  to  express C lass I I  MHC m olecules may c o n tr ib u te  to  

a l lo g r a f t  r e je c t io n ,  s in ce  the  vascu la r e n d o th e lia l c e l ls  o f  a g r a f t  can 

serve to  prim e the  T lym phocytes o f  the  host {Geppert and L ipsky , 1985).

IFNg a lso  has pro found e f fe c ts  on c e l l  adhesion. I t  causes increased 

exp ress ion  o f ICAM-1, p a r t ic u la r ly  24-72 hours pos t exposure {Sm ith e t  a l ,  

1988). I t  does not however in c rea se  expression o f  E -S e le c tin  o r VCAM. I t  

a lso  induced p ro d u c tio n  o f JE/MCP-1, another in flam m ato ry  c y to k in e  which is  

a monocyte che m oa ttrac tan t (R o ll in s  e t a l ,  1990). IFNg a lso  augments the  

p ro d u c tio n  o f  IL -1  by lip o p o ly s a c c h a r id e  s tim u la te d  e n d o th e lia l c e l ls  

(M iossec and Z i f f ,  1986). IFNg does not produce th e  e f fe c ts  on 

co a g u la tio n  and f ib r in o ly s is  th a t  IL -1  and TNF do. I t  is  an im p o rtan t 

m ed ia to r o f immune in flam m atio n .

2 .4 .5  Monocyte che m oa ttrac tan t p ro te in

Monocyte chem oa ttrac tan t p ro te in  (MCP-1/JE) is  a monocyte 

ch e m o -a ttra c ta n t which is  produced by human e n d o th e lia l c e l ls .  Expression 

o f  mRNA encoding fo r  MCP1 is  maximal w ith in  3 hours o f s t im u la t io n  o f 

e n d o th e lia l c e l ls  w ith  I L - lb  or TNF, IFNg a lso  s t im u la te s  p ro d u c tio n  bu t 

o n ly  a f te r  24 hours. T h is  p ro te in  is  re leased by c u ltu re d  e n d o th e lia l 

c e l ls  in to  the  surround ing  media and can be de tected  up to  48 hours a f te r  

exposure to  I L - lb .  T h is  p ro te in  is  a monocyte c h e m o -a ttra c ta n t th a t  may 

c o n tr ib u te  to  the  accum ula tion  o f  monocytes a t s ite s  o f  in flam m ation  

(R o ll in s  e t a l , 1990).

2 .4 .6  O ther c y to k in e s  in v o lv e d  in  e n d o th e lia l le u co cy te  in te ra c t io n s

In te r le u k in  6 ( IL -6 )  is  a p ro te in  w ith  212 amino ac ids  which a c ts  on

a wide v a r ie ty  o f t is s u e s  and has d i f f e r in g  e f fe c ts  depending on the



e f fe c to r  c e l l  type  (Taga and K ish im oto , 1992). I t  a c ts  on lym phoid and non 

lym phoid c e l l  l in e s  and is  produced by e n d o th e lia l c e l ls  a f te r  s t im u la t io n  

w ith  o th e r cy to k in e s  such as IL -1 , TNF and IPS (S iro n i e t a l ,  1989). IL -6  

in flu e n c e s  c y to to x ic  T c e l l  d i f f e r e n t ia t io n  (Okada e t a l ,  1988), macrophage 

d i f f e r e n t ia t io n  (Shabo e t  a l ,  1988) and im m unoglobulin p ro d u c tio n  by B 

c e l ls  (Muraguchi e t  a l ,  1988). IL -6  may th e re fo re  p la y  a c e n tra l ro le  in  

host defence mechanisms such as immune responses, haematopoesis and acute 

phase re a c tio n s  (Taga and K ish im oto , 1992).

G ranu locyte  and granulocyte-m acrophage co lony s t im u la t in g  fa c to rs  

(GM-CSF) induces m ig ra tio n  and p r o l i f e r a t io n  o f e n d o th e lia l c e l ls  in  a 

s im i la r  way to  t h e i r  p rim ary  a c tio n  which is  in  p r o l i f e r a t io n  o f 

m yelom onocytic c e l l  l in e s  (B usso lin o  e t a l ,  1989). However GM-CSF does not 

s t im u la te  p ro -in fla m m a to ry  o r p ro -th ro m b o tic  changes in  e n d o th e lia l c e l ls  

(Mantovani e t a l ,  1989).

T ransfo rm ing growth fa c to r  be ta (TGFb) and f ib r o b la s t  growth fa c to rs  

(FGFs) are both produced by a c t iv a te d  mononuclear phagocytes (Nathan,

1987). TGFb in h ib i t s  in - v i t r o  e n d o th e lia l c e l l  growth and in h ib i t s  the  

e f fe c t  o f  IL -1  and tumour ne c ro s is  fa c to r  on n e u tro p h il adhesion to  

e n d o th e lia l c e l ls  in - v i t r o  (Gamble and Vadas, 1988a). I t  th e re fo re  

dow n-regu la tes seve ra l p ro -in fla m m a to ry  a c t iv i t i e s .  FGFs are m itog en ic  and 

induce e n d o th e lia l c e l l  chem otaxis and p ro te in  s y n th e s is . They have a 

s im i la r  ro le  as TGFb bu t do not in h ib i t  le uco cy te  adherence to  e n d o th e lia l 

c e l ls  o r in flu e n c e  co a g u la tio n  o r th ro m b o lys is  ( Joseph-S i1v e rs te in  and 

R ifk in ,  1987).

In  con c lu s ion  i t  can be seen than the  a c tio n s  o f  th e  va rio u s  

cy to k in e s  known to  p la y  a p a r t in  the  in flam m ato ry  response are complex. 

A lthough i t  is  p o s s ib le  to  study c y to k in e  a c tio n  in  v i t r o ,  t h is  is  o fte n  

l im ite d  to  one or two c y to k in e s  w ith in  a p a r t ic u la r  experim enta l system.

In  v iv o , c y to k in e  a c tio n s  may be fa r  more complex and d i f f i c u l t  to
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a c c u ra te ly  assess.

2 .5  Summary o f  th e  le u co cy te  e n d o th e lia l c e l l  adhesion event

The steps o c c u rr in g  du rin g  adhesion o f  leucocy tes  to  e n d o th e lia l 

c e l ls  can be seen summarised in  F igu res 1.5 and 1 .6 . E s s e n t ia l ly  a 

th re e -s te p  model o f  c e l l  adhesion has been proposed fo r  these in te ra c t io n s  

in  v iv o . In  the  f i r s t  s tep th e  in a c t iv e  le uco cy te , e i th e r  a polymorph (F ig  

1 .5 ) o r lymphocyte (F ig  1 .6 ) comes in to  con tac t w ith  th e  e n d o th e lia l c e l l  

su rfa ce  and b inds  i n i t i a l l y  v ia  th e  s e le c t in  group o f adhesion m olecules 

and t h e ir  coun te r re c e p to rs . These rece p to rs  do not support f irm  adhesion 

bu t a llo w  r o l l in g  o f  the  le u co cy te  on the  e n d o th e lia l c e l l  su rfa c e . During 

t h is  r o l l in g  procedure the  second s tep  o f  c e l l  adhesion occurs which 

in v o lv e s  the  d e liv e ry  o f  an a c t iv a t io n  s ig n a l to  th e  le u co cy te  from  the  

e n d o th e lia l c e l l .  T h is  is  mediated v ia  c y to k in e s  such as p la te le t  

a c t iv a t in g  fa c to r .  T h is  t r ig g e r s  the  t h i r d  s tep o f c e l l  adhesion which is  

a change in  th e  con fo rm a tion  o f  the  re ce p to r s i t e  o f  the  in te g r in  adhesion 

m olecule fa m ily  making i t  more adhesive. These m olecules are then more 

ab le  to  b ind  to  t h e i r  coun te r re c e p to rs , the  im m unoglobulin fa m ily ,  and v ia  

t h is  mechanism f ir m  adhesion is  ach ieved. During t h is  tim e the  e n d o th e lia l 

su rface  may be made more adhesive by the  a c tio n  o f o th e r c y to k in e s  se rv in g  

to  r e c r u i t  more leucocy tes  to  the  s i t e  o f  in flam m atio n . F in a l ly ,  m ig ra tio n  

o f  le uco cy te  occurs from  the  e n d o th e lia l c e l l  su rface  to  sub e n d o th e lia l 

t is s u e s  and t h is  event may again be mediated by c y to k in e  a c tio n  (B u tch e r,

1991).
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Fig 1.5 Polymorph migration into areas of acute inflammation.
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Fig 1.6  Lymphocyte migration into areas of acute inflammation.
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2 .6  C urren t unders tand ing  o f  c e l lu la r  adhesion m olecules in - v iv o

2 .6 .1  In tro d u c t io n

I n - v i t r o  s tu d ie s  w ith  is o la te d  phagocytes and c u ltu re d  e n d o th e lia l 

c e l ls  have been in v a lu a b le  in  id e n t i fy in g  cand idate  p ro te in s  in vo lve d  in  

c e l lu la r  adhesion, e lu c id a t in g  t h e i r  s t ru c tu re  and re g u la t io n ,  and 

suggesting  p o te n t ia l c e l lu la r  in te ra c t io n s .  However, the  r e la t iv e  

im portance o f a p a r t ic u la r  adhesion p ro te in  in  phagocyte adherence to  

endothelium  and e m ig ra tio n  cannot be e s ta b lis h e d  u n t i l  in - v iv o  s tu d ie s  are 

perform ed (C a rlos  and H arlan , 1990).

The a v a i la b i l i t y  o f  monocolonal a n tib o d ie s  which b ind to  c e l lu la r  

adhesion m olecules have a llow ed th e  study o f these m olecules in - v iv o .  

B road ly speaking these s tu d ie s  f a l l  in to  fo u r  main c a te g o r ie s :

(1 ) In v e s t ig a t io n  us ing  im m unoh is to log ica l techn iques to  e s ta b lis h  

presence or absence o f  c e l lu la r  adhesion m olecules in  v a rio u s  disease 

s ta te s .

(2 ) S tud ies  in h ib i t in g  b in d in g  o f leucocy tes  to  e n d o th e lia l c e l ls  in  

in - v iv o  models o f  d isease s ta te s  and then e x p lo r in g  the  consequences.

These are fu n c tio n a l s tu d ie s  w ith  p o te n t ia l th e ra p e u tic  a p p lic a t io n s .

(3 ) S tud ies in h ib i t in g  b in d in g  o f  leucocy tes  to  e n d o th e lia l c e l ls  in  

va rio u s  disease s ta te s  to  t r y  to  in flu e n c e  outcome, ie  th e ra p e u tic  

manoeuvres.

(4 ) S tud ies to  d e te c t s o lu b le  forms o f  the  adhesion m olecules in  va rio u s  

disease s ta te s  fo r  d ia g n o s tic  and p ro g n o s tic  purposes.

There are  seve ra l d i f f e r e n t  groups o f d is o rd e rs  in  which research is  

ta k in g  p lace to  determ ine the  in c ide nce  o f adhesion m olecules as w e ll as 

t h e i r  d ia g n o s tic  and th e ra p e u tic  p o te n t ia l .  I w i l l  con s id e r these under 

the  headings o f:

(1 ) In flam m ation  and D isorde rs

(2 ) T ra n s p la n ta tio n
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(3 ) Ischaemia R eperfus ion  In ju r y

(4) M alignancy.

I  w i l l  d e sc rib e  these groups o f  d is o rd e rs  in  o rd e r m ention ing the  

v a rio u s  ways in  which adhesion m olecule study is  h e lp in g  to  shed l i g h t  on 

the  disease process.

2 .6 .2  C e ll Adhesion m olecules in  d isease processes.

There are o b v io u s ly  a wide range o f d is o rd e rs  which are ch a ra c te r is e d  

in  one way or another by an in flam m ato ry  process. I t  is  th e re fo re  not 

s u rp r is in g  th a t  a good deal o f  research has a lrea dy  been c a r r ie d  ou t in  

seve ra l d i f f e r e n t  c l in ic a l  areas. The va riou s  s tu d ie s  which have been 

c a r r ie d  ou t w i l l  be reviewed in  th e  fo llo w in g  s e c tio n  and then a summary 

w i l l  be g iven o f  our c u rre n t knowledge o f  the  adhesion o f  polymorphs and 

lymphocytes to  e n d o th e lia l c e l ls ,  ta k in g  in to  account experim enta l in  v iv o  

da ta . Before rev iew ing  t h is  work, however, i t  is  a p p ro p r ia te  to  d e sc rib e  a 

d is o rd e r ,  le uco cy te  adhesion d e f ic ie n c y ,  in  which the  main problem l ie s  in  

an absence o f in fla m m a tio n .

Leucocyte adhesion d e f ic ie n c y  is  a ra re  c o n g e n ita l c o n d it io n , is  

ch a ra c te r is e d  by a com plete d e f ic ie n c y  o f  the  beta 2 in te g r in s  on 

le u co cy te s . CD11a, GDI lb ,  CD11c are a l l  absent o r reduced (Anderson e t a l ,

1985) and t h is  is  caused by m uta tions in  the  common beta 2 s u b -u n it .  Th is 

leads to  a c a ta s tro p h ic  f a i l u r e  o f  n e u tro p h il adherence and e m ig ra tio n  in  

response to  an a p p ro p r ia te  s tim u lu s  (M arian e t a l ,  1985). S u rg ica l 

b io p s ie s  taken from  LAD p a t ie n ts  dem onstrate an absence o f pus a t s i te s  o f 

b a c te r ia l in fe c t io n  (Anderson e t a l ,  1985). These p a t ie n ts  s u f fe r  

re c u rre n t l i f e  th re a te n in g  b a c te r ia l in fe c t io n s  o fte n  f a ta l  in  ch ildhood  

un less tre a te d  by bone marrow tra n s p la n t (S p rin g e r, 1990). That o th e r 

co n g e n ita l adhesion m olecule d e f ic ie n c ie s  have not been id e n t i f ie d  may 

suggest th a t  they are ra p id ly  fa ta l  perhaps in -u te ro .



Although the  le uco cy te  adhesion d e f ic ie n c y  is  th e  o n ly  c l in ic a l  

syndrome th a t  has been id e n t i f ie d  which is  known to  in v o lv e  c e l l  adhesion 

m olecule d e f ic ie n c ie s ,  i t s  c h a ra c te r is a t io n  has led  to  a g re a t deal o f 

in te r e s t  in  in - v iv o  models o f  phagocyte e m ig ra tio n , s in ce  the  c e l lu la r  

adhesion m olecule d e f ic ie n c y  has such a profound e f fe c t .  Several s tu d ie s  

have been c a r r ie d  ou t us ing a n ti-a d h e s io n  m olecule monoclonal a n tib o d ie s  

which in  va rio u s  ways mimic th e  LAD syndrome, in  in - v iv o  models o f 

in flam m atio n . T h is has been l im ite d  to  animal work and has prov ided 

c o n firm a to ry  evidence fo r  the  f in d in g s  o f the  p re v io us  in - v i t r o  work on 

c u ltu re d  c e l l  l in e s .  U n fo r tu n a te ly , no t a l l  human a n t i - c e l l  adhesion 

m olecule monoclonal a n tib o d ie s  c ross re a c t w ith  the  phagocyte or 

e n d o th e lia l p ro te in  o f  animal species th a t  are a p p ro p r ia te  fo r  v a rio u s  

experim enta l models. T h is  th e re fo re  has lim ite d  the  animal models 

a v a ila b le  fo r  in v e s t ig a t io n  (C a rlos  and H arlan , 1990).

H a rla n 's  Group have in v e s t ig a te d  experim enta l in flam m ation  in  the  

ra b b it  us ing th e  monoclonal an tibo dy  60.3 which is  an a n t i CD18 m olecule 

(Pan in te g r in ) .  In  the  ra b b it ,  i n s t i l l a t i o n  o f E C o li,  E C o li T ox in , o r 

PMA in to  the  lung would no rm a lly  provoke a massive n e u tro p h il in f lu x .  

However, pre trea tm e n t o f the  ra b b it  w ith  a n ti GDIS an tibo dy  m arkedly 

in h ib ite d  accum ulation o f n e u tro p h ils  in  the  lung (Doerschuk e t a l ,  1989). 

However, i f  the  same experim ent were perform ed using s trep to coccus  

pneumoniae i n s t i l l a t i o n  in  the  lung , n e u tro p h il in f lu x  was not in h ib ite d  by 

use o f  the  a n tib o d y . I f  S trep tococcus pneumoniae was in tro du ced  in to  th e  

peritoneum , n e u tro p h il in f lu x  in to  t h is  s i t e  cou ld be reduced by 

a d m in is tra t io n  o f  a n t i GDI8. N e u tro p h ils  th e re fo re  must be ab le  to  use a 

GDIS independent mechanism to  m ig ra te  in to  the  lungs in  response to  

S trep tococcus pneumoniae, bu t use a GD18 dependent mechanism in  response to  

E c o l i  (Doerschuk e t a l ,  1990).

A r fo rs  and co lleagues pre tre a te d  ra b b its  w ith  an a n t i GDIS
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monoclonal an tibo dy  and then in je c te d  in tra -d e rm a lly  chem otactic  fa c to rs  

FMCP, le u c o tr ie n e  (LT) B4 and C5a, as w e ll as h is ta m in e . Four hours la te r ,  

plasma leakage o f ra d io - la b e lle d  album in and n e u tro p h il accum ulation were 

determ ined. Both n e u tro p h il accum ulation and plasma leakage were ab o lishe d  

in  th e  in flam m ato ry  sk in  le s io n s  o f th e  ra b b its  tre a te d  w ith  the  a n t i CD1B 

monoclonal an tibo dy  compared to  the  c o n tro ls ,  except fo r  the  case o f 

h is ta m in e  induced plasma leakage which was u n a ffe c te d . I n t r a v i t a l  

m icroscopy o f  vesse ls  in  ra b b it  muscle revealed th a t  n e u tro p h il adherence 

to  venules and m ig ra tio n  in to  s u b -e n d o th e lia l t is s u e s  was abo lished  in  the  

tre a te d  an im a ls, bu t r o l l in g  o f  n e u tro p h ils  on the  venule w a ll was 

u n a ffe c te d . They concluded from  t h is  work th a t  the  CD18 complex was o f 

v i t a l  im portance in  n e u tro p h il adherence in  response to  chemotaxins (A r fo rs  

e t a l ,  1987).

In  another s tud y , P ric e  and co llea gu es used th e  same a n t i CD18 

a n tib o d y . They im p lan ted p o ly v in y l sponges subcutaneously in  ra b b its  and 

measured th e  e f fe c t  o f an tibo dy  a d m in is tra t io n  on n e u tro p h il m ig ra tio n  in to  

the  sponges. In travenous in fu s io n  o f  the  a n t i CD18 an tibo dy  re s u lte d  in  

dose dependent in h ib i t io n  o f in - v iv o  n e u tro p h il m ig ra tio n  w ith  alm ost 

com plete p a ra ly s is  o f n e u tro p h il m ig ra tio n  a t h igh e r a n tibo dy  doses. They 

concluded th a t  a n t i CD18 a n tib o d ie s  m ight prove to  be po ten t in - v iv o  a n t i 

in flam m ato ry  agents in  such d is o rd e rs  as immune complex v a s c u l i t is  o r a d u lt  

re s p ira to ry  d is tre s s  syndrome in  which n e u tro p h il a c t iv a t io n  may be 

im p o rtan t p a th o p h y s io lo g ic a lly  (P r ic e  e t a l ,  1987).

Tuomanen and co lleagues used another a n ti CD18 monoclonal an tibo dy  

(ÎB 4 ) in  a ra b b it  model o f b a c te r ia l m e n in g it is .  In je c t io n  o f a n t i CD18 

an tibo dy  e f f e c t iv e ly  b locked the  accum ulation o f  leucocy tes  in  the  

ce re b ro sp in a l f l u i d  o f an im als cha llenged  in t r a c is te r n a l 1 y w ith  l i v in g  

b a c te r ia ,  b a c te r ia l endo tox in  o r b a c te r ia l c e l l  w a ll.  T h is  e f fe c t  was 

assoc ia ted  w ith  p ro te c t io n  from b lood b ra in  b a r r ie r  in ju r y  as measured by
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e xc lu s io n  o f serum p ro te in s  from  CSF in  an tibo dy  tre a te d  an im a ls. The 

d e n s it ie s  o f b a c te r ia  in  CSF and the  degress o f b a c te r ia l k i l l i n g  due to  

a m p ic i l l in  were not a ffe c te d  by the  a n tib o d y . Animals re c e iv in g  the  

an tibo dy  had a delayed development o f  bacterem ia and a s ig n i f ic a n t ly  

reduced in flam m ato ry  response d u rin g  a m p ic i l l in  induced b a c te r ia l k i l l i n g .  

Therapy w ith  the  monoclonal an tibo dy  prevented development o f  b ra in  oedema 

and death in  an im als cha llenged  w ith  le th a l doses o f  s trep to coccus  

pneumoniae. These s tu d ie s  in d ic a te  th a t  the  major mechanism o f  le uco cy te  

m ig ra tio n  across th e  b lood b ra in  b a r r ie r  in v o lv e  th e  CD11/CD18 rece p to rs  

and th a t  in flam m ato ry  leucocy tes  re c ru ite d  by t h is  mechanism are a major 

cause o f blood b ra in  b a r r ie r  in ju r y  and ce re b ra l oedema d u rin g  m e n in g it is  

(Tuomanen e t a l ,  1989).

Rosen and Gordon used an a n tibo dy  ag a ins t the  CDIIb re ce p to r in  a 

mouse model. They showed th a t  in - v iv o ,  a f te r  IV in je c t io n  o f  a n tib o d y , the  

re c ru itm e n t o f m yelom onocytic c e l ls  in  the  mouse p e r ito n e a l c a v ity  in  

response to  th io g ly c o l la te  i n s t i l l a t i o n  was in h ib ite d  compared to  c o n tro ls  

(Roson and Gordon, 1987). Using the  same an tibo dy  they  a lso  showed th a t  

us ing a model o f  delayed type  h y p e rs e n s it iv i ty  (DTH) in  mice, 

a d m in is tra t io n  o f a n t i CDIIb an tib o d y  cou ld  in h ib i t  in flam m ato ry  c e l l  

re c ru itm e n t and oedema in  the  f i r s t  24 hours o f  the  re a c tio n . However, i t  

was not e f fe c t iv e  in  p re ve n tin g  th e  re a c tio n  a f te r  24 hours. They 

concluded th a t  CDIIb p lays  a q u a n t i ta t iv e ly  im p o rtan t ro le  in  T c e l ls  

dependent in flam m ato ry  re c ru itm e n t (Rosen e t a l ,  1989).

J u t i la  and co lleagues used a mouse model o f  p e r i t o n i t is  through 

th io g ly c o l la te  in fu s io n  to  s tudy monoclonal a n tib o d ie s  a g a in s t GDI la  and b 

as w e ll as L -s e le c t in  (MEL-14 a n tib o d y ) . They showed th a t  in  t h is  model 

MEL-14 m ediates e a r ly  in te ra c t io n  between n e u tro p h ils  and endothelium  

du rin g  in flam m ation  which was not dependent on the  a c t iv a t io n  o f  the  

n e u tro p h il,  w h i ls t  the  GDIIa and b pathways were transfo rm ed to  an a c t iv e
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S ta te  on co n ta c t o f  the  n e u tro p h il to  e n d o th e lia l c e l ls .  The MEL-14 

an tigen  was then found to  down re g u la te . T h is  con firm ed the  in - v i t r o  work 

suggesting  th e  L -s e le c t in  acted in  a d i f f e r e n t  way to  the  in te g r in  fa m ily  

in  n e u tro p h il adhesion ( J u t i la  e t a l ,  1989).

Lewinsohn and co lleagues used a s im i la r  MEL-14 monoclonal an tibo dy  

a g a in s t L -s e le c t in  in  a mouse model o f  acute in flam m atio n . They im p lanted 

an E c o li-s o a k e d  gelfoam  sponge in  th e  s k in  and p e r ito n e a l c a v ity  o f mice. 

In travenous in je c t io n  o f  MEL-14 a n tibo dy  in h ib ite d  n e u tro p h il e x tra v a s a tio n  

in to  the  s i t e  (Lewinsohn e t a l ,  1987).

Watson and co lleagues have gone one step fu r th e r  and developed an 

an tibo dy  which recogn ises the  L -se le c tin /M E L-14  an tige n  bu t which is  a 

s o lu b le  IgG chim era o f  the  murine homing re c e p to r. I t  c o n s is ts  o f  the  

e x t r a c e l lu la r  domain o f  th e  m urine homing rece p to r l ig a te d  to  the  h inge CH2 

and CH3 domains o f  the  human IgG-1 heavy cha in . T h is  an tibo dy  was shown to  

decrease the  number o f n e u tro p h ils  th a t  m ig ra te  in to  the  mouse peritoneum  

in  response to  the  in flam m ato ry  i r r i t a n t  t h io g ly c o l la te .  The p o te n t ia l 

advantages o f us ing a chimeric m olecule in c lu d e  i t s  a b i l i t y  to  form  an 

im m u n o g lo b u lin - lik e  dim er w ith  a p o te n t ia l h ighe r a v id i t y  and serum h a lf  

l i f e ,  as w e ll as improved p u r i f ic a t io n  through IgG b in d in g  p ro te in  A -  

sepharose chromatography (Watson e t a l ,  1991).

These s tu d ie s  co n firm  th a t  adhesion m olecules, f i r s t  de fined  

in - v i t r o ,  do indeed pay a p iv o ta l ro le  in  in - v iv o  in flam m atio n  and th a t  the  

movement o f leucocytes can be m anipu la ted w ith  p o s s ib le  c l in ic a l  

a p p lic a t io n s .

In flam m atory s k in  d is o rd e rs  are  r e la t iv e ly  common and have th e re fo re  

proved to  be use fu l in  the  s tudy o f  c e l lu la r  adhesion m olecu les. B iops ies  

are  re a d i ly  a v a ila b le  and some s k in  le s io n s  can be induced fo r  study 

purposes, such as delayed type  h y p e rs e n s it iv i ty  re a c tio n s . The presence o f  

E -s e le c t in  in  p a r t ic u la r  has been s tu d ie d  in  a v a r ie ty  o f sk in  b io p s ie s
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from p a t ie n ts  w ith  p s o r ia s is ,  a l le r g ic  con tac t d e rm a t it is ,  lic h e n  p lanus, 

lym phoid h y p e rp la s ia , non s p e c if ic  c h ro n ic  d e rm a t it is ,  cutaneous drug 

e ru p tio n s , p i t y r ia s is  lycheno ides e t v a r io c ifo rm is  acu ta , granuloma 

annu lare and p i t y r ia s is  rub ra  p i l i a r i s  (P icke r e t a l ,  1991). In  the  

m a jo r ity  o f these in flam m ato ry  s k in  le s io n s , E -s e le c t in  s ta in in g  was 

in te n s e ly  p o s it iv e  us ing a th re e  stage immunoperoxidase techn ique .

However, t is s u e  from extracu taneous s ite s  such as from  m y o c a rd it is , 

in flam m ato ry  bowel d isease and h e p a t i t is ,  were g e n e ra lly  nega tive  fo r  

E -s e le c t in  (P ic k e r e t a l ,  1991). The E -s e le c t in  p resen t in  these 

e s s e n t ia l ly  c h ro n ic  in flam m ato ry  s k in  le s io n s  are though t to  rep resen t a 

pathway fo r  m ig ra tio n  o f  memory T - c e l ls  in to  th e  s k in .

Rheumatology is  another c l i n ic a l  area in  which in flam m ato ry  d is o rd e rs  

are common. A good example is  rheum atoid a r t h r i t i s  which is  ch a ra c te r is e d  

h is to lo g ic a l ly  by i n f i l t r a t i o n  o f  th e  syno v ia l membrane o f  jo in t s  by 

mononuclear c e l ls ,  m ain ly  T - c e l ls .  Sanchez-M adrid 's group s tu d ie d  

T-lym phocytes is o la te d  from  the  b lood , syno v ia l f lu i d  and syno v ia l 

membranes o f  p a t ie n ts  w ith  rheum atoid a r t h r i t i s .  They measured the  

adhesiveness o f  the  T c e l ls  to  E -s e le c t in  and VCAM and found th a t  the  

syn o v ia l T c e l ls  showed enhanced b in d in g  to  E -s e le c t in  and VCAM compared to  

p e r ip h e ra l b lood T c e l ls .  They concluded th a t  the  increased adhesiveness 

o f  syno v ia l T c e l ls  to  t h e i r  e n d o th e lia l ligan ds  may r e f le c t  p a th o lo g ic a l 

phenomena o c c u rr in g  in  the  in flam ed t is s u e  o f p a t ie n ts  w ith  rheum atoid 

a r t h r i t i s ,  and th e re fo re  t h is  may extend c u rre n t unders tand ing o f  the  

pa thophys io logy  o f t h is  d isease (P o s tig o  e t a l ,  1992).

In flam m atory  c o n d itio n s  a lso  predom inate in  re s p ira to ry  m edicine 

where asthma in  p a r t ic u la r  has been s tu d ie d  in  terms o f  the  c o n tr ib u t io n  o f 

c e l lu la r  adhesion m olecules in  the  pathogenesis o f  th e  d isease . Asthma is  

a c o n d itio n  ch a ra c te r is e d  by airway e o s in o p h il ia ,  e p i t h e l ia l  desquamation, 

and extreme hyper-responsiveness o f  the  bronchi (te n  to  one thousand tim es
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norm al) to  in h a le d  agents. Wagner and co lleagues have produced a prim ate  

model o f  a irw ay h y p e rs e n s it iv i ty .  They showed th a t  ICAM-1 was up -re g u la te d  

on the  in flam ed b ro n c h ia l endothelium  in -v iv o  o f  p rim ates a f te r  in h a la t io n  

o f  a l le rg e n . I n - v i t r o  an an tibody  to  ICAM-1 was found to  reduce e o s in o p h il 

adhesion to  e n d o th e lia l c e l ls ,  and us ing  th is  an tibo dy  in  the  in - v iv o  model 

o f  asthma, a irw ay e o s in o p h il ia  and hyper-responsiveness were reduced. They 

concluded th a t  ICAM-1 may be p iv o ta l in  the  pathogenesis o f  a irw ay 

hyper-responsiveness and asthma and th a t  i t  may c o n tr ib u te  to  onset and 

p ro g re ss ion  o f other diseases c h a ra c te r is e d  by airway in flam m atio n  such as 

c h ro n ic  b ro n c h it is ,  emphysema and id io p a th ic  pulmonary f ib r o s is ,  or 

e o s in o p h il i n f i l t r a t i o n  and t is s u e  s e n s it is a t io n -d e s tru c t io n  such as 

r h i n i t i s ,  nasal p o ly p o s is , c h ro n ic  u r t ic a r ia  and a to p ic  d e rm a t it is  (Wegner 

e t  a l ,  1990).

ICAM-1 has been shown to  be th e  c e l lu la r  re c e p to r fo r  the  major group 

o f  rh in o v iru s e s  which belong to  th e  p ic o rn a v iru s  fa m ily  and cause about 50% 

o f  the  common c o ld . M a r lin  and co lleagues showed th a t  a s o lu b le  p u r i f ie d  

form o f  the  ICAM-1 m olecule was e f fe c t iv e  in  in h ib i t in g  rh in o v iru s  

in fe c t io n  (M a rlin  e t  a l ,  1990). T h is  has profound im p lic a tio n s  fo r  

a n t iv i r a l  the ra py . P a r t ic u la r ly  s o lu b le  forms o f CD4, the  re ce p to r fo r  

human im m unodeficiency v iru s  (H IV ), are now being te s te d  fo r  c l in ic a l  

e f f ic ie n c y  in  th e  acqu ired  immune d e f ic ie n c y  syndrome (AIDS) (276).

A s o lu b le  form  o f  ICAM-1 has been ch a ra c te ris e d  in  the  serum (277).

I t  is  p o s s ib le  to  d e te c t s o lu b le  forms o f  adhesion m olecules by an ELISA 

techn ique . T h is  has been used by Newman to  eva lu a te  the  le v e ls  o f  s o lu b le  

E -S e le c tin  (s E -S e le c tin )  in  th e  serum o f p a t ie n ts  s u f fe r in g  from c h ro n ic  

in flam m ato ry  v a s c u la r d isease , such as g ia n t c e l l  a r t e r i t i s ,  p o ly a r t e r i t is  

nodosa and scleroderm a. He found th a t  these in d iv id u a ls  had ra is e d  s o lu b le  

E -S e le c tin  le v e ls  compared to  normal c o n tro ls .  These le v e ls  were not 

a ffe c te d  by c o r t ic o s te ro id s  o r non s te ro id a l a n t i in flam m ato ry  agents. The
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d ia g n o s tic  and p ro g n o s tic  p o te n t ia l o f  t h is  assay are ye t to  be eva lua ted  

bu t p ro v id e  an e x c it in g  new f ie l d  o f  in v e s t ig a t io n  (Newman, 1991).

2 .6 .3 .1  C e ll Adhesion m olecu le s tu d ie s  in  tra n s p la n ta t io n

Some adhesion m olecule s tu d ie s  have been c a r r ie d  out in  renal 

tra n s p la n ta t io n ,  c a rd ia c  t ra n s p la n ta t io n ,  bone marrow t ra n s p la n ta t io n  and 

l i v e r  t ra n s p la n ta t io n .  However, s tu d ie s  have not been widespread or 

exhaustive  in  any o f these areas. Some l im ite d  c l in ic a l  t r i a l s  us ing 

adhesion m olecules have been perform ed, p a r t ic u la r ly  in  bone marrow 

tra n s p la n t and rena l t ra n s p la n t .

2 .6 .3 .2  Renal T ra n s p la n ta tio n

Bishop and H a ll s tu d ie d  25 b io p s ie s  taken from rena l a l lo g r a f t s  which 

were proven to  have a l lo g r a f t  r e je c t io n  h is to lo g ic a l ly ,  and compared them 

to  c o n tro ls .  ICAM-1 was found to  be expressed s tro n g ly  by la rg e  vessel 

endo the lium , p e r i- tu b u la r  c a p i l la r ie s  and by g lo m e ru li in  normal kidneys 

bu t no t by rena l tu b u la r  c e l ls .  W ith re je c t io n  exp ress ion o f ICAM-1 was 

markedly increased . Expression o f  ICAM-1 by g lo m e ru li and by la rg e  vessel 

endothelium  was unchanged by r e je c t io n .  The va scu la r endothelium  o f the  

kidney was id e n t i f ie d  as having the  h igh es t c o n s t i tu t iv e  expression o f 

ICAM-1. They concluded th a t  t h is  increased expression o f ICAM-1 by 

va scu la r endothelium  may be a c o n tr ib u t in g  fa c to r  in  the  p re fe re n t ia l 

b in d in g  o f  a c t iv a te d  e f fe c to r  c e l ls  and may be a c o n tr ib u t in g  fa c to r  in  the  

p re fe re n t ia l d e s tru c t io n  o f  c a p i l la r y  e n d o th e lia l c e l ls  observed in  

re je c t in g  rena l a l lo g r a f t s  (B ishop and H a ll,  1989).

Fuggle and co lleagues s tu d ie d  the  d is t r ib u t io n  o f  E -S e le c tin , ICAM-1 

and VCAM in  needle core  specimens taken from  50 pre tra n s p la n t renal 

a l lo g r a f t s  and 42 post t ra n s p la n t a l lo g r a f t s .  They a lso  measured the  le v e l 

o f  CD45 and CD29 p o s it iv e  le uco cy te  i n f i l t r a t i o n  and th e  u p re g u la tio n  o f
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HLA Class I I  a n tig e n s . P re - tra n s p la n ta tio n  th e re  was con s id e ra b le  

v a r ia t io n  between b io p s ie s  in  e n d o th e lia l expression o f  E -S e le c tin  and in  

proxim al tu b u la r  exp ress ion  o f  ICAM-1 and VCAM. A f te r  t ra n s p la n t 

u p re g u la tio n  o f  ICAM-1 was de tec ted  in  the  proxim al tu b u le s  o f  26% o f 

b io p s ie s  and induced exp ress ion  o f  E -S e le c tin  and VCAM was de tected  on th e  

endothelium  o f  29% and 33% o f  b io p s ie s  re s p e c t iv e ly .  Adhesion m olecules 

were up -re g u la te d  a t tim es o f g r a f t  r e je c t io n  and were assoc ia ted  w ith  

increased le v e ls  o f  le uco cy te  i n f i l t r a t i o n .  They concluded th a t  

u p re g u la tio n  o f c e l lu la r  adhesion m olecules in  t ra n s p la n t  kidneys was 

evidence o f  e n d o th e lia l a c t iv a t io n  and probab ly  f a c i l i t a t e s  the  e n try  o f 

le ucocy tes  in to  the  a l lo g r a f t .  The induced c e l lu la r  adhesion m olecu les, 

to g e th e r w ith  HLA C lass I I  an tigens  may render the  g r a f t  more s u s c e p tib le  

to  damage mediated by a l lo - s p e c i f ic  c y to to x ic  T lym phocytes (Fuggle e t a l ,

1992).

Cosimi and co llea gu es have perform ed a t r i a l  us ing a monoclonal 

an tibo dy  a g a in s t ICAM-1 in  a model o f  renal t ra n s p la n t re je c t io n  in  

cyanomolgus monkeys. They used the  a n t i ICAM-1 monoclonal an tibo dy  both 

fo r  in d u c tio n  o f  immunosuppression a f te r  tra n s p la n ta t io n  and trea tm e n t o f 

a l lo g r a f t  r e je c t io n  post t ra n s p la n ta t io n .  They found th a t  the  a n t i ICAM 

monoclonal an tibo dy  adm in is te red  p ro p h y la c t ic a lly  as the  so le  

immunosuppressive agent fo r  12 days s ig n i f ic a n t ly  pro longed g r a f t  s u rv iv a l 

beyond un tre a ted  c o n tro ls .  B io ps ies  o f  the  tra n s p la n t kidneys showed a 

decrease in  fo c a l oedema, l i t t l e  o r no haemorrhage and an i n f i l t r a t e  o f 

mononuclear c e l ls  th a t  was s ig n i f ic a n t ly  le ss  than c o n tro ls .  The oedema 

and haemorrhage are b e lie ve d  to  r e s u lt  from p e ri tu b u la r  c a p i l la r y  in ju r y  

(C o lv in , 1990). In  those an im als tre a te d  fo r  acute r e je c t io n  w ith  a n t i 

ICAM monoclonal a n tibo dy  fo r  10 days, 6 o f  B monkeys dem onstrated prompt 

improvement in  rena l fu n c tio n  w ith  re ve rsa l o f  r e je c t io n .  Of the  rem aining 

two, one d ied from a n a e s th e tic  co m p lic a tio n s  and one o f  acute p y lo n e p h r it is
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w ith  no evidence o f re je c t io n .  A f te r  in je c t io n  o f a n tib o d y , the  main s i t e  

o f  d e p o s itio n  was found to  be the  g r a f t  va scu la r endothelium  as w e ll as the  

endothelium  o f normal organs. A n tibody was c le a re d  from  the  endothelium  a t 

4 days (when b io p s ie s  were ta k e n ). They hypothesised th a t  the  an tibody  

b locks  adhesion to  g r a f t  ICAM-1 m olecules on va scu la r endothelium  and th a t  

a n t i ICAM-1 monoclonal a n tib o d ie s  can in h ib i t  T c e l l  mediated in ju r y  

in - v iv o ,  and th a t  ICAM-1 is  a c r i t i c a l  m olecule in  the  pathogenesis o f 

acute c e l lu la r  r e je c t io n  (Cosimi e t a l ,  1990).

2 .6 .3 .3  Cardiac T ra n s p la n ta tio n

In  c a rd ia c  t ra n s p la n ta t io n ,  T a y lo r and co lleagues have s tu d ie d  th e  

presence o f adhesion m olecules on b io p s ie s  taken from  normal donor he a rts  

and from the  myocardium o f  t ra n s p la n t  re c ip ie n ts  w ith  re je c t io n  ep isodes. 

They found th a t  ICAM-1, MHC Class I  and Class I I ,  and VCAM are expressed on 

a r te r io le s  and venules w ith  E -S e le c tin  expression  co n fine d  to  venules 

(T a y lo r e t a l ,  1992). During re je c t io n  ep isodes, exp ress ion  o f  a l l  

adhesion m olecules were increased and t h is  was m irro re d  by an increase  in  

th e  e n d o th e lia l a c t iv a t io n  markers PAL-E and F V III-C a , found in  re je c t io n  

shown in  an e a r l ie r  s tudy (Hengstenberg e t a l ,  1990). They concluded th a t  

the  expression o f induced ICAM-1 and E -S e le c tin  on endo the lium  w ith in  

ca rd ia c  b io p s ie s  is  an e a r ly  event in  re je c t io n  le ad ing  to  enhanced 

m ig ra tio n  o f c e l ls  in to  th e  a l lo g ra f te d  h e a rt (T a y lo r e t  a l ,  1992). A 

s im i la r  s tudy by B riscoe  and co llea gu es o f  15 c a rd ia c  b io p s ie s  taken from 

tra n s p la n t  re c ip ie n ts ,  showed th a t  in  b io p s ie s  which were p o s it iv e  fo r  CDS 

p o s it iv e  i n f i l t r a t i n g  c e l ls ,  ICAM-1 and VCAM were p resen t on post c a p i l la r y  

vascu la r endo the lium , a lthough  E -S e le c tin  was not found (B risco e  e t a l ,

1 9 9 1 ) .
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2 .6 .3 .4  L iv e r  T ra n s p la n ta tio n

In  l i v e r  t ra n s p la n ta t io n ,  Adams and co lleagues s tu d ie d  the  exp ress ion  

o f  ICAM-1 on t is s u e  from donor l i v e r s ,  s ta b le  tra n s p la n ts ,  on re je c t io n  

com plica ted tra n s p la n ts  and r e je c t in g  tra n s p la n ts . There was g re a te r 

ICAM-1 exp ress ion on b i le  du c ts , endothelium  and p e r i ven u la r hepa tocytes 

{s tru c tu re s  a ffe c te d  by th e  re je c t io n  process) in  p a t ie n ts  w ith  acute 

re je c t io n  and in  donor l iv e r s ,  p a t ie n ts  w ith  s ta b le  tra n s p la n ts ,  a l l  

p a t ie n ts  w ith  non r e je c t io n  c o m p lic a tio n s . Expression o f ICAM-1 was 

h ig h e s t in  p a t ie n ts  who progressed to  ch ro n ic  i r r e v e r s ib le  re je c t io n .

ICAM-1 expression  was reduced a f te r  p re dn iso lon e  trea tm e n t and they 

suggested th a t  t h is  m ight be an im p o rtan t mode o f  a c tio n  o f  t h is  drug 

{Adams e t a l ,  1989).

2 .0 .3 .5  Bone Marrow T ra n s p la n ta tio n

Bone marrow t ra n s p la n ta t io n  in  s itu a t io n s  where th e re  is  an MHC 

mismatch between donor and re c ip ie n t ,  re q u ire s  immunosuppressive trea tm e n t 

on both s id e s . C h ild re n  w ith  co n g e n ita l immune d e f ic ie n c y  s ta te s  who 

cannot mount an im m unological response can be s u b je c t to  the  phenomenon o f 

g r a f t  versus host d isease i f  the  en g ra fte d  c e l ls  are not h a p lo id e n t ic a l. 

C h ild re n  who have p a r t ia l  immune d e f ic ie n c y  re c e iv in g  n o n -h a p lo id e n tic a l 

g ra f ts  have a p a r t ic u la r ly  bad p rognos is  because o f  r e je c t io n  o f  the  g r a f t  

due to  re s id u a l immune a c t iv i t y  o f  th e  p a t ie n t .  Diseases which f a l l  in to  

t h is  la t t e r  bad p rognos is  group are  the  W is c o tt-A ld r ic h  Syndrome, 

O s te o p e tro s is , Gauchers Disease, M etachrom atic leukodystrophy and F ancon i's  

Anaemia. F ishe r and co lleagues perform ed a c l in ic a l  t r i a l  using an a n t i 

CD18 monoclonal an tibo dy  in  seven c h ild re n  w ith  p a r t ia l  im m unodeficiency 

s ta te s  to  f a c i l i t a t e  th e  engra ftm ent o f p a r t ia l l y  matched re la te d  donor 

bone marrow. They a ls o  used con ven tion a l the rapy in c lu d in g  busulphan, 

cyclophosphamide, ALG (a n tily m p o c y te  g lo b u lin e )  and c y c lo s p o r in  in  these
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p a t ie n ts  as w e ll as in  7 h is to r ic a l  c o n tro lle d  p a t ie n ts .  The monoclonal 

an tibo dy  caused t ra n s ie n t  p y re x ia  bu t was g e n e ra lly  w e ll to le ra te d  and led  

to  ra p id  engra ftm ent in  a l l  7 p a t ie n ts  a lthough 2 d ied  la te r  o f  in fe c t io u s  

c o m p lic a tio n s . In  th e  c o n tro l group tre a te d  id e n t ic a l ly  except fo r  the  

a n t i CD18 monoclonal a n tib o d y , o n ly  1 p a t ie n t  p a r t i a l l y  en g ra fted  (F is h e r 

e t a l ,  1991).

A lthough t h is  was a sm all s tud y , i t  has o b v io u s ly  ra ise d  g re a t hopes 

fo r  fu tu re  p o s s ib i l i t ie s  in  t h is  f i e l d .  However, a fu r th e r  s tudy has not 

been encouraging us ing the  a n t i CD1B monoclonal an tibo dy  in  bone marrow 

tra n s p la n ta t io n  in  leukem ic p a t ie n ts .

Norton and Stone s tu d ie d  s k in  b io p s ie s  from a llo g e n ic  bone marrow 

tra n s p la n t  re c ip ie n ts  and perform ed im m unohistology lo o k in g  fo r  ICAM-1. 

However, a lthough ICAM-1 d id  seem to  be increased on epiderm al 

k é ra tin o c y te s  d u rin g  episodes o f  g r a f t  versus host d isease (GVHD) i t  was 

no t d ia g n o s tic  and was o f l i t t l e  va lue  (Norton and S loan, 1991). However, 

in  s im i la r  work s tu d y in g  E -S e le c tin  and VCAM express ion  in  a comparable 

group o f p a t ie n ts ,  the  same research has showed th a t  both E -S e le c tin  and 

VCAM were u p -re g u la te d  in  b io p s ie s  o f  cutaneous g r a f t  versus host d isease. 

VCAM e s p e c ia lly  was o f p o te n t ia l b e n e f i t  in  d iagnosing e a r ly  GVHD and a • 

p ro s p e c tiv e  study has been undertaken to  eva lua te  a n tib o d ie s  to  VCAM in  

p re d ic t in g  c l i n ic a l  outcome in  p a t ie n ts  w ith  rashes a f te r  tra n s p la n ta t io n  

(N orton e t a l , 1991).

That GVHD may be tre a te d  w ith  a n t i c e l l  adhesion m olecule a n tib o d ie s  

was in v e s t ig a te d  by Harning and co llea gu es in  m ice. They showed th a t  an 

a n t i LFA1 (CD18) monoclonal a n tibo dy  was use fu l in  s ig n i f ic a n t ly  reducing 

GVHD and enhancing s u rv iv a l in  mouse bone marrow tra n s p la n t (H arn ing e t a l ,

1991).
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2 .6 .4 .1  C e ll Adhesion m olecules in  s tu d ie s  o f  Ischaem ia R eperfusion 

D iso rde rs .

The spectrum o f  d iseases which can be in c lud ed  in  th e  general 

ca tegory  o f  ischaem ia re p e rfu s io n  in ju r y  d is o rd e rs  is  ve ry  w ide. C le a r ly  

ischaem ia which does no t re so lve  leads to  i r r e v e r s ib le  t is s u e  n e cros is  

which has major p a th o lo g ic a l consequences in  some o f  th e  most common 

diseases o f the  developed w o rld  such as ce re b ro -v a s c u la r a c c id e n t, 

m yocardia l in fa r c t io n  and a r t e r ia l  em bolic events to  any organ. However, 

i f  s i te s  o f t is s u e  ischaem ia which prove to  be non f a ta l  to  the  p a t ie n t  are 

then reperfused  w ith  b lood , then a d i f f e r e n t  se t o f  t is s u e  changes occur.

In  a d d it io n ,  t is s u e  which a d jo in s  n e c ro t ic  areas is  a lso  s u b je c t to  these 

changes. For example, the  areas o f  myocardium around in fa rc te d  t is s u e  

secondary to  coronary a r te ry  throm bosis show c h a r a c te r is t ic  p a th o lo g ic a l 

changes th a t  come in  the  broad ca tego ry  o f  ischaemia re p e rfu s io n  in ju r y .  

There is  evidence th a t  the  o v e ra ll t is s u e  damage in  reperfused  t is s u e  is  

o fte n  more e x te n s ive  than in  the  ischaem ic t is s u e  p r io r  to  re p e rfu s io n  and 

eventua l in fa r c t  s iz e  can be s ig n i f ic a n t ly  in flu e n c e d  by the  e x te n t o f  the  

re p e rfu s io n  in ju r y .  A g re a t deal o f  research has been perform ed to  

in v e s t ig a te  th e  c e l lu la r  mechanisms o f  damage to  c e l ls  and p o s s ib le  ways o f 

t r e a t in g  them. D iso rde rs  which m ight b e n e fit  from a l te r a t io n  o f 

re p e rfu s io n  in ju r y  are wide rang ing  from  lim b  ischaem ia, organ 

t ra n s p la n ta t io n ,  m yocardia l in fa r c t io n ,  s tro k e  and hypovolem ic shock.

Evidence suggests th a t  one o f the  main causes o f t is s u e  in ju r y  

o c c u rr in g  a f te r  re p e rfu s io n  is  damage mediated by a c t iv a te d  n e u tro p h ils .

The re c o g n it io n  o f c e l lu la r  adhesion m olecules and development o f 

monoclonal a n tib o d ie s  to  b lock  adhesion has shed l i g h t  on mechanisms o f 

re p e rfu s io n  in ju r y  and has led  to  e x c i t in g  work a tte m p tin g  to  a tte n u a te  

t is s u e  damage in  re p e rfu s io n  in ju r y .  T h is  is  a la rg e  s u b je c t and I w i l l  

l i m i t  t h is  d iscu ss io n  to  a b r ie f  resume o f the  pa thophys io logy  o f ischaem ia
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re p e rfu s io n  in ju r y  and the  areas where c e l lu la r  adhesion m olecules have 

been in v e s tig a te d  in  t h is  c o n te x t.

2 .6 .4 .2  C e llu la r  Events

During a p e rio d  o f ischaem ia the  b io ch e m is try  o f  th e  c e l l  is  a lte re d  

because o f  the  la c k  o f  oxygen. Abnormal m e ta b o lite s  b u ild  up which 

i n i t i a t e  the  in ju r y  caused d u rin g  th e  re p e rfu s io n  phase. P a r t ic u la r ly  

harm fu l are re a c tiv e  oxygen m e ta b o lite s  such as the  super ox ide an ion, 

hydrogen pe rox ide  (HgOg) and hypoch lorous ac id  {HOC!) {G ranger, 1988).

In  b r ie f ,  in v e s t ig a t io n s  have shown th a t  d u rin g  the  ischaem ic p e rio d  

adenosine tr ip h o s p h a te  (ATP) is  dep le ted  and broken down to  hypoxanth ine . 

N orm a lly , hypoxanthine is  converted to  xan th in e  by the  enzyme xan th in e  

dehydrogenase, bu t t h is  enzyme is  a lso  dep le ted d u rin g  ischaem ia and is  

i t s e l f  degraded to  xan th in e  ox idase . T h is  la t t e r  enzyme can b u i ld  up q u ite  

ra p id ly  in  the  t is s u e s  du rin g  ischaem ia (F r ie d l e t a l ,  1990). When 

re p e rfu s io n  o f  the  c e l l  occurs and oxygen becomes a v a ila b le ,  the  re a c tio n  

o f  hypoxanthine and xan th in e  ox idase , now present in  la rg e  amounts, leads 

to  a p a th o lo g ic a l re a c tio n  fo rm ing  xan th in e  and the  h ig h ly  re a c tiv e  super 

ox ide  ion  O g.-. The superoxide ion  is  then fu r th e r  m etabo lised to  form 

hyd roxy l ra d ia is  OH-, hydrogen pe rox ide  (HgOg) and hypoch lorous ac id  (HOCl) 

(Ratych e t a l ,  1987, McCord e t a l ,  1987).

The oxygen fre e  ra d ic a ls  themselves cause p a r t  o f th e  c e l lu la r  in ju r y  

post re p e rfu s io n  (Granger e t a l ,  1981). However, i t  is  a lso  though t th a t  

oxygen ra d ic a ls  may increase  the  n e u tro p h il component o f  the  in ju ry  by 

e i th e r  a l te r in g  the  e n d o th e lia l c e l l  d i r e c t ly  and the reby  in c re a s in g  

n e u tro p h il adherence and chem otaxis (Repine e t a l ,  1987), o r by le a k in g  out 

a long e n d o th e lia l c e l ls  and c o n v e rtin g  serum components in to  chem otactic  or 

adherence prom oting m edia tors fo r  n e u tro p h ils  (P etrone e t a l ,  1980). 

O v e ra ll,  the  main p a th o lo g ic a l e f fe c t  o f  oxygen ra d ic a l re lease  is  the



gene ra tion  o f chem otactic  a c t iv i t y  le a d in g  to  the  d ire c te d  m ig ra tio n  o f 

a c t iv a te d  n e u tro p h ils  in to  the  reperfused  t is s u e  w ith  consequent in ju r y  

(Melbourne e t a l ,  1991).

A rach id on ic  a c id  m e ta b o lite s  are  a ls o  im p o rtan t in  c e l lu la r  damage. 

These are m olecules such as p ro s ta g la n d in s  P6E2, PGD2 and PGF2a and 6 -ke to  

PGFIa, thromboxanes TXB2 and TXA2 and le u c o tr ie n e s  LTC4, LTD4, LTE4 and 

LTB4. In  the  presence o f  oxygen ra d ic a ls ,  in te r c e l lu la r  f re e  ca lc ium  r is e s  

ra p id ly  and a c t iv a te s  plasma membrane phospholipase A2 which generates th e  

a ra ch id o n ic  ac id  m e ta b o lite s  (E rn s te r , 1988). I n h ib i t io n  o f  the  oxygen 

ra d ic a ls  us ing scavenging enzymes p reven ts  re lease  o f these m e ta b o lite s  

(K lausner e t a l ,  1989a).

There is  evidence th a t  th e  a ra c h id o n ic  ac id  m e ta b o lite s  can in flu e n c e  

n e u tro p h ils  in  ischaem ia re p e rfu s io n  in ju r y .  LTB4 and TXA2 are both chemo 

a t t r a c ta n ts  fo r  n e u tro p h ils  (Spgnuolo e t a l ,  1980, Gimbrone e t a l ,  1984) 

and may cause n e u tro p h il d iapedes is  (Melbourne e t a l ,  1990). TXA2 and LTB4 

a lso  s t im u la te  th e  n e u tro p h il d i r e c t ly  to  produce e la s ta s e  and HgOg 

(L a r fo rs  e t a l ,  1987, Paterson e t a l ,  1989). Leuco trienes  and thromboxanes 

a lso  have a d ir e c t  a c tio n  on b lood f lo w . They cause v a s o c o n s tr ic tio n  which 

can lead to  poor c a p i l la r y  f lo w  and exacerbate the  ischaem ic in s u l t .  There 

is  evidence o f t h is  e f fe c t  a lone may be o f m ajor im portance in  the  

pa thophys io logy  o f  re p e rfu s io n  in ju r y ,  p a r t ic u la r ly  in  rena l re p e rfu s io n  

in ju r y  where n e u tro p h ils  may not p la y  as g re a te r p a r t  as in  o th e r organs 

(Thorn ton e t a l ,  1989).

The evidence th a t  the  n e u tro p h il is  o f major im portance in  the  

ge ne ra tion  o f  re p e rfu s io n  in ju r y  comes from  seve ra l s tu d ie s  where a n t i 

adhesion m olecules have been used to  b lo c k  n e u tro p h il adhesion v ia  the  CD18 

(be ta  2 in te g r in s  system) m olecule in  models o f  ischaem ia re p e rfu s io n . The 

adhesion event i t s e l f  is  im p o rtan t because under th e  in flu e n c e  o f the  

p a th o lo g ic a l ly  generated c y to k in e s  d e ta ile d  above, the  n e u tro p h il b inds to
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and damages the  e n d o th e lia l c e l l  by c re a tin g  a m icro environm ent a t the  

c e l l  in te r fa c e  in to  which p r o te o ly t ic  enzymes and oxygen fre e  ra d ic a ls  are 

re leased a t a h igh c o n c e n tra tio n . T h is  causes ly s is  o f  e s s e n tia l 

s t r u c tu ra l m a tr ix  p ro te in s  such as e la s t in ,  which leads to  increased 

m ic ro vascu la r p e rm e a b ility  (W eiss, 1989, McCord, 1985).

Several a n tib o d ie s  e x is t  to  b lo c k  the  GDI8 complex on n e u tro p h ils  and 

these have been te s te d  models o f re p e rfu s io n  in ju r y .  Removing n e u tro p h ils  

from the  c ir c u la t io n  be fo re  re p e rfu s io n  has a lso  been attem pted in  s im i la r  

m odels.

A f te r  m yocardia l in fa r c t io n  n e u tro p h il se q u e s tra tio n  in to  reperfused  

t is s u e  is  q u a n t i ta t iv e ly  re la te d  to  the  s e v e r ity  o f  the  ischaem ic in s u l t  

and i t  has been shown th a t  drugs which preven t n e u tro p h il adhesion or 

a c t iv a t io n  can reduce the  e x te n t o f  t is s u e  damage caused du rin g  re p e rfu s io n  

in ju r y .  D e p le ting  the  model o f  n e u tro p h ils  p r io r  to  in ju r y  has been shown 

to  reduce in fa r c t  s iz e  in  the  dog (Romson e t a l ,  1983, L i t t  e t a l ,  1989, 

M ullane e t a l , 1984).

A n tib o d ie s  a g a in s t the  GDI8 complex have been shown to  b lock  

n e u tro p h il accum ulation in  the  ischaem ic reperfused h e a rt and reduce 

in fa r c t  s iz e  (Simpson e t a l ,  1988, W inq u is t e t a l ,  1990). An an tibo dy  

a g a in s t IGAM-1, the  lig a n d  f o r  GD18, a lso  reduces in fa r c t  s iz e  in  th e  same 

dog model (Seewaldt-Becker e t a l ,  1989).

The consequences o f c ir c u la to r y  shock fo llo w e d  by re s u s c ita t io n  is ,  

in  essence, the  development o f f u l l  body ischaemia re p e rfu s io n  in ju r y ,  and 

i t  is  not s u rp r is in g  an in ju r y  to  m u lt ip le  organs is  fre q u e n tly  a 

consequence (Vedder e t a l ,  1988). C l in ic a l s tu d ie s  o f  the  m u lt ip le  organ 

f a i lu r e  syndrome in  trauma p a t ie n ts  has shown a c lo se  c o r re la t io n  w ith  

p r io r  hypovolaemic shock (F a is t  e t a l ,  1983). The concept o f  the  

n e u tro p h il be ing re s p o n s ib le  fo r  some o f the  changes le a d in g  to  m u lt ip le  

organ f a i lu r e  have been in v e s t ig a te d  in  animal models. An a n t i GDI8
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monoclonal an tibo dy  was used by Vedder and co lleagues (Vedder e t a l ,  1988) 

in  a ra b b it  model o f  hypovolaem ic shock. They showed th a t  i f  c o n tro l 

an im als were s u b je c t to  one hour o f  shock s u f f ic ie n t  to  produce a ca rd ia c  

ou tpu t 30% o f norm al, and were then re s u s c ita te d , o n ly  29% s u rv ived  f iv e  

days and a l l  had gross and h is to lo g ic a l evidence o f  in ju r y  to  lungs, l i v e r  

and g a s t ro in te s t in a l mucosa. In  c o n tra s t,  anim als tre a te d  w ith  the  a n t i 

CD18 monoclonal an tibo dy  re s u s c ita t io n  a l l  survived and had absent o r 

m arkedly a tten ua te d  organ in ju r y .  M ile s k i and co lleagues perform ed a 

s im i la r  study in  p rim ates  (Rhesus monkeys) showed th a t  t re a te d  an im als had 

le ss  chance o f  dy ing , re q u ire d  le ss  f lu id s ,  gained le ss  w e ig h t, m ainta ined 

a h igh e r h e m a to c rit le v e l and d id  not develop g a s t r i t i s .  They concluded 

th a t  in h ib i t io n  o f  n e u tro p h il adherence o r aggrega tion  a t tim es o f 

re s u s c ita t io n  reduces f l u i d  requ irem ents and g a s t r ic  in ju r y  in  monkeys 

a f te r  haemorrhagic shock (M ile s k i e t  a l ,  1990).

The same a n tibo dy  was used by Walsh e t a l in  a model o f acute lung 

in ju r y  in  s e p t ic  p igs  tre a te d  w ith  Pseudomonas aerug inosa. T reated anim als 

had s ig n i f ic a n t ly  le ss  ne u trop en ia , b ro nch oa lveo la r lavage p ro te in  con ten t 

and e x tra v a s c u la r lung w ater c o l le c t io n  than un tre a ted  anim als a lthough 

system ic hypotens ion, hypoxemia and c a rd ia c  index were no t a lte re d  in  the  

trea tm e n t group (Walsh e t a l , 1991).

On the  ba s is  o f these s tu d ie s , Thornton and co lleagues in v e s tig a te d  

the  e f fe c t  o f  b lo c k in g  n e u tro p h il adhesion using the  same a n t i GDIS 

monoclonal a n tibo dy  as used p re v io u s ly ,  in  a ra b b it  model o f rena l 

ischaem ia. They sub jec ted  ra b b its  to  va ry in g  tim es o f  rena l ischaem ia by 

rena l a r te ry  o cc lu s io n  and compared c o n tro l anim als to  those tre a te d  w ith  

the  an tibody  in  terms o f  rena l fu n c tio n  and h is to lo g ic a l appearance. They 

found no d if fe re n c e s  between th e  two groups. In  a fu r th e r  experim ent 

comparing two groups o f  ra ts ,  no d if fe re n c e  cou ld be found between c o n tro ls  

and ra ts  p re - tre a te d  w ith  an a n t i n e u tro p h il serum a d m in is tra t io n  p r io r  to
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rena l ischaem ia. They concluded th a t  the  n e u tro p h il is  no t a c r i t i c a l  

p a r t ic ip a n t  in  the  rena l ischaem ia re p e rfu s io n  process (Thornton e t a l , 

1989).

N e u tro p h il d e p le t io n  by a d m in is tra t io n  o f a n t i n e u tro p h il serum o r 

n itro g e n  mustard a d m in is tra t io n  has a lso  been s tu d ie d  by o th e r 

in v e s t ig a to rs  in  the  r a t .  H e llb e rg  and co lleagues rep o rted  th a t  n e u tro p h il 

d e p le t io n  d u rin g  rena l ischaem ia caused some increase  in  the  immediate 

re p e rfu s io n  f i l t r a t i o n  ra te , a lthough  longer tim e pe rio ds  were not s tu d ie d  

(H e llb e rg  e t a l , 1988). In  another s im i la r  s tudy , K lauser showed th a t  the  

b lood urea d id  no t r is e  as h igh in  n e u tro p h il dep le ted  anim als as in  

c o n tro ls  a f te r  a rena l ischaem ia under 24 hours (K lausner e t a l , 1989b).

I t  is  in te re s t in g  th a t  the  k idney is  the  o n ly  organ where a n t i n e u tro p h il 

adhesion a n tib o d ie s  have no t co n fe rre d  b e n e fit  in  m ed ia ting  ischaem ia 

re p e rfu s io n  in ju r y .  T h is  may be because rena l endothelium  is  in  some way 

d i f f e r e n t  to  o th e r types o f  endothelium  or because n e u tro p h ils  use 

a d d it io n a l adhesion pathways in  rena l endothelium  and the  monoclonal 

an tibo dy  employed was not a p p ro p r ia te . These ques tions  remain to  be 

answered (P a l ie r  e t  a l ,  1989).

The area o f  ischaem ia re p e rfu s io n  in ju r y  is  c le a r ly  a la rg e  one. 

W h ils t a n ti adhesion monoclonal a n tib o d ie s  have le d  to  g re a t to  advances in  

the  understand ing o f c e l lu la r  mechanisms, much is  s t i l l  to  be understood 

be fo re  e f fe c t iv e  human t r i a l s  can be planned.

2 .6 .5  C e ll Adhesion m olecu le in  s tu d ie s  o f  M alignancy

A lim ite d  amount o f work has been done in  the  f i e l d  o f adhesion 

m olecule exp ress ion  by m alignan t t is s u e . One o f  the  main c h a ra c te r is t ic s  

o f m alignan t c e l ls  is  t h e i r  a b i l i t y  to  invade o th e r t is s u e s . The lo ss  o f 

normal c e l lu la r  adhesion mechanisms o r the  ga in in g  o f  new ones, may be 

im p o rtan t in  t h is  ro le .  Another c h a r a c te r is t ic  o f m alignan t c e l ls  is  the
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a b i l i t y  to  spread to  remote s i te s  and again the  exp ress ion  o f adhesion 

m olecules by e i th e r  the  cancer c e l ls  o r the  ta rg e t  organ may be o f 

im portance in  d e te rm in ing  which cancers spread to  a p a r t ic u la r  s i t e .

L io t ta  found th a t  n e o p la s tic  c e l ls  o f  in v a s iv e  tumours can 

e n z y m a tic a lly  d ig e s t some components o f basement membranes, and have 

a lte re d  exp ress ion o f  Laminin re ce p to rs  which are in v o lv e d  in  c e l l  

anchorage to  th e  basement membrane ( L io t ta  e t a l , 1986). The re la t io n s h ip  

between th e  e x t r a c e l lu la r  m a tr ix  and th e  tumour c e l ls  is  a lso  im p o rta n t. 

P oo rly  d i f f e r e n t ia te d  tumours may have few d e te c ta b le  f ib ro n e c t in  and 

c o llag en  re c e p to rs . N e o p la s tic  c e l ls  can in flu e n c e  the  e x t r a c e l lu la r  

m a tr ix  by producing degrading enzymes, o r by in du c ing  host c e l ls  to  change 

the  e x t r a c e l lu la r  m a tr ix  environm ent (P la n te fa b e rs  and Hynes, 1989).

For tumour c e l ls  to  m etastas ise  the  normal c e l l  to  c e l l  adhesion 

amongst the  n e o p la s tic  c e l ls  must be lo s t  o r m o d ifie d . Abnormal expression 

o f adhesion m olecules may p red ispose to  c e l l  detachment and then 

d isse m in a tio n . T h is  is  supported by the  fa c t  th a t  70% o f  c o lo re c ta l 

cancers do no t express normal adhesion m olecule genes and t h is  may lead to  

lo ss  o f  c e l l  to  c e l l  adhesion (P a u li and Knudson, 1988). Abnormal 

exp ress ion  o f Lam inin re c e p to rs  has been demonstrated in  h e p a to c e llu la r  

carcinomas (Fearon e t a l ,  1990), b re a s t cancers (G r ig io n i e t a l , 1991) and 

co lon cancers (Horanhand e t a l , 1985).

As w ith  le u co cy te  m ig ra tio n  in  in flam m atio n , the  f i r s t  s tep  in  the  

m e ta s ta tic  process o f  blood borne tumour c e l ls  is  adhesion to  e n d o th e lia l 

c e l ls  in  the  ta rg e t  organ (Yow e t a l ,  1988). Melanoma c e l ls  and co lon 

cancer c e l ls  have been shown to  b ind  to  E -S e le c tin  and VCAM (Keelan and 

Haskard, 1982). Expression o f  th e  lig a n d  fo r  E -S e le c tin , S ia ly l Lewis X, 

has been shown to  be increased by co lon cancer c e l ls  (R ice  and B ev ilacqua ,

1989).

The tumour c e l ls  themselves may secre te  cy to k in e s  th a t  cause
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e n d o th e lia l c e l ls  to  express adhesion m olecules thus a id in g  m e ta s ta tic  

spread. Haeniopoetic and non haemopoetic tumour c e l ls  can secre te  

in te r le u k in  1 an d /o r tumour ne c ro s is  fa c to r .  In te r le u k in  1 promotes 

adherence o f  tumour c e l ls  to  e n d o th e lia l c e l ls  in - v i t r o  (M a tsush ita  e t a l ,

1990) and augments experim enta l métastasés o r human melanoma c e l ls  i f  g iven 

to  athym ic mice (Dejana e t a l , 1988). I t  may be th a t  organs w ith  a c t iv a te d  

b lood vesse ls  may be a t increased r is k  o f  tumour c e l l  adhesion compared to  

organs w ith  a non in flam ed va scu la r bed.

The expression  o f ICAM-1 has been in v e s tig a te d  w ith  respect to  

haem ato log ica l m alignanc ies  by Boyd and co lleagues (G iavazzi e t a l ,  1990). 

Tumours which were s o l id ,  s in g le  masses, showed in te n s iv e  s ta in in g  fo r  

ICAM-1 w h ils t  tumours which were d i f fu s e ,  p o o rly  lo c a lis e d  and h ig h ly  

m e ta s ta tic  s ta in e d  very  weakly fo r  ICAM-1. ICAM-1 has been shown to  be 

s tro n g ly  expressed by lymph nodes c o n ta in in g  Hodgkins D isease, a lthough 

re a c tiv e  lymph nodes a ls o  dem onstrated h igh le v e ls .  In  c o n tra s t E -S e le c tin  

and VCAM were o n ly  expressed on lymph nodes a ffe c te d  by c o n d itio n s  

c h a ra c te r is e d  by h igh le v e l o f in te r le u k in  1 and tumour n e c ros is  fa c to r  

p ro d u c tio n  such as g ranu lom atos is  and Hodgkins Disease e s p e c ia lly  the  

nodu la r s c le ro s in g  form  o f Hodgkins Disease (Boyd e t  a l , 1989). ICAM-2 as 

w e ll as ICAM-1 was shown to  be more s tro n g ly  expressed by lymphomas than by 

h y p e rp la s t ic  lymph nodes (Ruco e t a l , 1992).

I t  is  c le a r ,  even from  the  l im ite d  amount o f work c a r r ie d  ou t so fa r ,  

th a t  adhesion m olecules are very  im p o rtan t in  the  b io lo g y  o f  m a lignanc ies . 

They may w e ll ho ld  th e  key as to  why some tum ours, e s p e c ia lly  lym phoid 

m a lignanc ies , have a tendency to  spread w h ils t  some do not (Renkonen e t a l ,

1992).
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2.7 Aims of the study

The aim o f t h is  study was to  in v e s t ig a te  the  ro le  th a t  c e l l  adhesion 

m olecules p lay  d u rin g  the  process o f renal t ra n s p la n ta t io n .  T h is  ques tion  

was f i r s t l y  addressed by using an i n - v i t r o  model o f e n d o th e lia l c e l l  

fu n c tio n  em ploying c u ltu re d  human u m b ilic a l ve in  e n d o th e lia l c e l ls .  Using 

t h is  model the  expression o f e n d o th e lia l c e l l  adhesion m olecules under 

in flam m ato ry  c y to k in e  s tim u lu s  was in v e s tig a te d  w ith  the  techn ique  o f  f lo w  

cy tom etry .

Th is  model was then adapted so th a t  the  adhesive p o te n t ia l o f 

polym orphonuclear c e l ls  from  h e a lth y  vo lu n te e rs  and from d i f f e r e n t  p a t ie n t  

groups cou ld be measured. A method o f  q u a n tify in g  t h is  adhesion us ing 

re lease  o f  ra d io a c t iv e  chromium was compared w ith  a method u t i l i s in g  Rose 

Bengal dye.

F in a lly  t is s u e  specimens taken from renal a l lo g r a f t s ,  both pre and 

p o s t- t ra n s p la n ta t io n ,  were assessed by im m unohistology f o r  the  d is t r ib u t io n  

o f adhesion m olecules w ith in  th e  k idney and fo r  adhesion m olecule 

expression du rin g  tim es o f p o s t- t ra n s p la n t  a l lo g r a f t  d y s fu n c tio n . In  

p a r t ic u la r  E -s e le c t in  expression was s tu d ie d  to  in v e s t ig a te  i t ' s  p o te n t ia l 

use as a d ia g n o s tic  to o l in  th e  d ia g n o s is  o f  renal a l lo g r a f t  re je c t io n .
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CHAPTER 3 

M a te r ia ls  and Methods

3 .0  Prim ary c u ltu re  o f  Human u m b ilic a l ve in  e n d o th e lia l c e l ls .

3.1 C o lle c tio n  o f  u m b ilic a l cords

Arrangements were made fo r  the  c o l le c t io n  o f u m b ilic a l cords from  the  

m a te rn ity  departm ent. (D u ring  t h is  p ro je c t  cords were k in d ly  c o lle c te d  by 

the  midwives o f th e  m a te rn ity  ward, L e ic e s te r General H o s p ita l. )  Cords 

were c o lle c te d  in to  150 ml p la s t ic  tubs and la b e lle d  w ith  the  date and tim e 

c o lle c te d  as shown:

Cord Pot fo r  Dept Surgery Cord D e ta ils

Ext 4607 Date:

Please com plete d e ta i ls  on po t l i d  Time:

Cords were found to  p ro v id e  v ia b le  e n d o th e lia l c e l ls  fo r  c u ltu re  up 

to  36 hours a f te r  d e liv e ry .  A f te r  t h is  tim e v i a b i l i t y  was g re a t ly  reduced.

3 .2  Is o la t io n  o f  e n d o th e lia l c e l ls  from  u m ib lic a l cords

T h is  procedure was done in  a s t e r i l e  manner us ing a c la ss  I I  

M ic ro b io lo g ic a l c a b in e t. Before s ta r t in g  the  procedure a l l  equipment and 

consumables were prepared and placed in  the  hood to  avo id  con tam ina tion  o f 

th e  surround ing  area w ith  b lood . S te r i le ,  unpowdered s u rg ic a l g loves were 

worn a t a l l  tim es when ha nd lin g  human t is s u e .

Procedure

1 The u m b ilic a l cord was removed from the  sample po t and the  e x te r io r  

was swabbed w ith  70% p ro p a n -2 -o l. The cord was then placed in  a d isposab le  

k idney d ish  fo r  ease o f h a n d lin g .

2 The cord was inspec ted  f o r  any v is ib le  blood c lo ts ,  these were
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massaged ou t o f the  cord vesse ls  and the  e x te rn a l clamp marks were lo c a te d .

3 Using a s t e r i l e  sca lp e l the  cord was tran se c te d  1-2 cm in s id e  the

clamp marks.

4 The u m b ilic a l ve in  was lo c a te d . The u m b ilic a l v e in  is  la rg e r  than

the  two u m b ilic a l a r te r ie s  and is  le ss  muscular w a lle d . The end o f  the  

ve in  was g e n t ly  d i la te d  us ing  a sm all s tock  fo rce p s .

5 A p r e - s te r i l i s e d  (by immersion in  70% p ro p a n -2 -o l) ,  metal cannu la,

was a ttached  to  a 10 ml s y r in g e  c o n ta in in g  Hanks Balanced s a l t  s o lu t io n ,  

t h is  helped to  m a in ta in  s t e r i l i t y  and a lso  helped in  m a n ip u la tion  o f the  

cannula in to  the  v e in . T h is  cannula was then in s e rte d  in to  one end o f the  

u m b ilic a l ve in  (end 1 ).

6 The cannula was t ie d  f i r m ly  in to  the  u m b ilic a l cord by us ing a s trong

s u rg ic a l s u tu re .

7 T h is procedure was repeated a t the  o th e r end o f the  cord except the

10 ml sy r in g e  was l e f t  empty (end 2 ) .

8 The ve in  was flu sh e d  w ith  ca lc ium  and magnesium fre e  Hanks Balanced 

S a lt S o lu tio n  (HBSS/CMF) massaging g e n t ly  along the  le ng th  o f  the  ve in  to  

remove b lood from the  lumen. 10-20 ml o f  HBSS/CMF was found to  be

s u f f ic ie n t  to  o b ta in  a c le a r  e f f lu e n t .  The f lu s h  from  th e  f u l l  s y r in g e  a t

end 1 was c o lle c te d  in  the  empty s y r in g e  a t end 2 and d isca rd ed .

9 Once the  e f f lu e n t  was c le a r  any re s id u a l HBSS/CMF was a s p ira te d  from 

end 2 w ith  end 1 ra is e d .

10 An empty s y rin g e  was in s e r te d  in to  end 2 and a s y r in g e  c o n ta ing 0.1% 

co llaganese  s o lu t io n  th a t  had been preheated to  37°C in  a w ater bath was 

in s e rte d  in to  end 1. The co llaganese  was in je c te d  in to  the  co rd , then the  

cord (w ith  both sy rin g e s  in  p la ce ) was placed in  a pre warmed beaker 

c o n ta in in g  0,9% s a lin e ,  in  a 37°C w ater ba th .

11 The cord was then incubated fo r  20 mins.

12 The cord was removed from the  beaker, the  empty sy r in g e  a t end 1 was
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rep laced w ith  a s y rin g e  c o n ta in in g  10 ml HBSS supplemented w ith  20% fe ta l  

c a l f  serum (HBSS/FCS) and the  co llag en ase . The cord was g e n tly  massaged to  

f a c i l i t a t e  e n d o th e lia l c e l l  detachment and then f lu s h e d  through w ith  the  

HBSS/FCS in to  th e  sy rin g e  a t end 2. The FCS p reven ts  fu r th e r  co llagenase 

d ig e s tio n  o f the  detached e n d o th e lia l c e l ls  by p ro v id in g  a gross excess o f 

s u b s tra te  fo r  the  co llagenase  to  a c t on.

13 The e f f lu e n t  was placed in  a s t e r i l e  u n iv e rs a l c o n ta in e r and

c e n tr ifu g e d  a t 1000 rpm fo r  10 m inutes.

14 The supernatan t was poured o f f  and the  p e l le t  was resuspended in  10

ml HBSS/FCS and c e n tr ifu g e d  a t 1000 rpm fo r  ten m inutes.

15 The supernatan t was poured o f f  and the  p e l le t  was resuspended in  5 ml

o f  e n d o th e lia l c u ltu re  medium. T h is  was then tra n s fe re d  to  a 25 ml t is s u e  

c u ltu re  f la s k .

16 The f la s k  was placed in  an in c u b a to r a t 37°C m ain ta ined a t 5% carbon

d io x id e , w ith  the  cap o f  the  f la s k  loosened to  a llo w  gas to  d i f fu s e  in to  

th e  f la s k .

17 At le a s t  24 hours were a llow ed fo r  the  e n d o th e lia l c e l ls  to  adhere to  

the  f la s k  be fo re  a tte m p tin g  to  change the  c u ltu re  medium.

18 When the  media had been changed and non adherent d e b ris  removed from 

the  f la s k ,  the  c e l l  la y e r  was v is u a lis e d  us ing an in v e r te d  phase c o n tra s t 

m icroscope, under which the  c e l ls  had a c h a ra c te r is t ic  cobblestone 

appearance.

3 .3  M a te r ia ls  f o r  p rim a ry  c u ltu re  o f  human u m b ilic a l ve in  e n d o th e lia l 

c e l ls

A l l  chem ica ls were ob ta ined  from  Sigma Chemical Co. L td , UK. Media 

and FCS was purchased from  Im p e ria l Labs, UK.

1 S ta in le s s  s te e l canulae

2 Strong s i l k  su tu res
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3 Kidney d ish

4 70% P ropan-2-o l

5 Scalpe l

6 Forceps

7 Calcium and Magnesium Free Hanks Balanced s a l t  s o lu t io n

8 Hanks Balanced s a l t  s o lu t io n  w ith  ca lc ium  and magnesium

9 F e ta l c a l f  serum

10 Collagenase s o lu t io n .  T h is  is  made up us ing : 98 .5 ml RPMI; 1.5 ml 

ca lc ium  c h lo r id e  (1 M o la r); 100 mg co llagenase (Sigma blend H). A f te r  

thorough m ix ing 5 ml a l iq u o ts  are s to red  a t -2 0 “ C in  10 ml sy rin ge s  having 

been f i l t e r e d  through a .22pm f i l t e r  to  s t e r i l i s e .

11 U n ive rsa l co n ta in e rs

12 E n d o th e lia l c e l l  c u ltu re  medium, which is  made up us ing : RPMI 1640 

(149 m l); f e ta l  c a l f  serum (40 m l) ; p e n ic i l l in /s t re p to m y c in  (2 m l); 

e n d o th e lia l c e l l  growth supplement (1 m l) ; Heparin (2 m l) ; L -g lu ta m ine  200 

mMol (2 m l); sodium pyruva te  100 mMol (0 .4  m l).

3 .4  S ub cu ltu re  o f  human u m b ilic a l v e in  e n d o th e lia l c e l ls

Twenty fo u r  hours a f te r  is o la t io n  o f  the  e n d o th e lia l c e l ls  from a

human u m b ilic a l v e in , the  c e l ls  which were v ia b le  were adherent to  the

t is s u e  c u ltu re  f la s k .  The media was then poured o f f  and rep laced w ith  a 

fu r th e r  5 ml o f e n d o th e lia l c e l l  c u ltu re  medium. The f la s k  was examined 

under an in v e rte d  phase c o n tra s t m icroscope. The adherent e n d o th e lia l 

c e l ls  had a c h a r a c te r is t ic  appearance and these cou ld  e a s ily  be id e n t i f ie d ,

(see p la te s  3.1 and 3 .2 ) .  When the  c o n flu e n t e n d o th e lia l c e l ls  had formed

a m o n o la y e r, it  had a cobb lestone appearance. When the  monolayer had 

covered the  e n t ir e  f la s k ,  the  c e l ls  were ready fo r  su b c u ltu re  which a llow ed 

c e l l  numbers to  be expanded fo r  e xp e rim e n ta tio n .

The c e l ls  had to  f i r s t  be detached from the  c u ltu re  f la s k  by us ing  a
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com bination o f T ryp s in  and a g ita t io n .

1 A l l  procedures were perform ed in  a Class I I  m ic ro b io lo g ic a l c a b in e t.

2 The superna tan t was poured from the  f la s k ,  and rep laced w ith  1ml 

t r y p s in  s o lu t io n .  T ryp s in  s o lu t io n  was made up in  the  la b o ra to ry  and a f te r  

thorough m ixing t h is  s o lu t io n  was s to red  in  5 ml a l iq u o ts  a t -2 0 “ C; 

T ryp s in  2.5% (20 m l), Phosphate b u ffe re d  s a lin e  ph 7.2 (460 m l), EDTA 1%

(10 m l) , HEPES B u ffe r 1 M (10 m l) .

3 The f la s k  was then incubated a t 37“ C fo r  5 m inutes, o r u n t i l  the  

c e l ls  were detached.

4 The f la s k s  were checked to  a s c e rta in  c e l l  detachment by o b se rva tion  

under an in v e rte d  phase c o n tra s t m icroscope. A sharp tap  to  the  s id e  o f  

the  f la s k  o fte n  helped detach c e l ls .

5 10 ml HBSS w ith  ca lc ium  + 20% fo e ta l c a l f  serum was added to  the  

f la s k ,  as soon as the  c e l ls  were detached to  p reven t the  T ryps in  fu r th e r  

d ig e s tin g  the  e n d o th e lia l c e l ls  and compromising v ia b i l i t y .

6 The c e l l  suspension was tra n s fe re d  to  a s t e r i l e  u n iv e rs a l c o n ta in e r 

and c e n tr ifu g e d  fo r  5 min. a t 150 g.

7 The superna tan t was poured o f f  from  above p e l le t  and the  p e l le t  was 

resuspended in  10 ml HBSS/FCS. T h is  suspension was then re -c e n tr ifu g e d  fo r  

5 min. a t 150g.

8 Stage 7 repeated.

9 The p e l le t  was resuspended in  15 ml e n d o th e lia l c e l l  c u ltu re  medium 

and the  c e l ls  from one c o n flu e n t 25 ml f la s k  were d iv id e d  in to  th re e  25 ml 

f la s k s  by adding 5 ml media to  each.

10 C e lls  were incubated a t 37°C in  a 5% carbon d io x id e  atmosphere as 

b e fo re .

11 The c u ltu re  media was changed as re q u ire d  (ap p ro x im a te ly  every 48-72 

h rs ) u n t i l  con fluence  was reached.
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3 .5  P rep a ra tio n  o f  human u m b ilic a l e n d o th e lia l c e l ls  fo r  experim enta l work

HUVECS prepared by t r y p s in a t io n  (Ch 3 i i )  can be c u ltu re d  in  any 

t is s u e  c u ltu re  grade experim enta l f la s k s  o r w e lls ,  fo r  the  purpose o f  these 

s tu d ie s  tw en ty fo u r  and n in e ty  s ix  w e ll (NUNC) t is s u e  c u ltu re  p la te s  were 

conven ien t to  use. A f te r  t r y p s in is a t io n ,  HUVECS were resuspended a t a 

c o n c e n tra tio n  o f 1 xlQs c e l ls  per ml o f e n d o th e lia l c e l l  c u ltu re  medium.

One ml o f  c e l ls  were added per w e ll i f  a 24 w e ll p la te  was used and 0.1 ml 

per w e ll i f  a 96 w e ll p la te  was used. P la tes  were incubated fo r  24 hours 

and then v is u a l ly  inspec ted  using a phase c o n tra s t m icroscope. At t h is  

stage the  c e l ls  were u s u a lly  f u l l y  adheren t, c o n flu e n t monolayers and 

ready fo r  fu r th e r  experim enta l work.

3 .6  C h a ra c te r is a tio n  o f  e n d o th e lia l c e l ls

E n d o th e lia l c e l ls  have a c h a r a c te r is t ic  'co b b le  s ton e ' appearance 

when viewed under a phase c o n tra s t m icroscope. E n d o th e lia l c e l ls  s tro n g ly  

express fa c to r  V I I I  on the  c e l l  su rface  and t h is  was used to  c h a ra c te r is e  

th e  c e l ls  and c o n firm  c e l l  c u ltu re  p u r i t y .  At each su b c u ltu re  stage 

re p re s e n ta tiv e  a l iq u o ts  o f  c e l ls  were taken and prepared fo r  fa c to r  V I I I  

assessment. T h is  was done using the  c y to sp in  method.

3 .7  C ytosp in  Method

1 C e ll suspensions were ob ta ined  a t a c o n c e n tra tio n  o f  2 x lO® c e l ls  

per m l. S ix  s lid e s  should were prepared w ith  100 pL o f c e l ls  re q u ire d  fo r  

each s l id e .

2 The c e l ls  were t ra n s fe r re d  on to m icroscope g lass  s lid e s  in  the

fo llo w in g  way: a s tandard g lass  m icroscope s lid e  was placed on a metal

c y to s p in  h o ld e r.
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Plate 3.1 Human umbilical vein endothelial cells viewed under phase contrast microscopy, 
showing characteristic 'cobble stone' morphology (magnified x400).

1

Plate 3.2 Human umbilical vein endothelial cells stained with Rose Bengal dye, 
showing a confluent monolayer (magnified x100).
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Plate 3.3 Individual parts of the CytoSpin Assembly. Left to Right, Metal holder, CytoSpin 
card. Microscope Slide, Plastic CytoSpin bucket.

Plate 3.4 Assembled CytoSpin parts.

%
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An absorbent c y to s p in  card w ith  a punched c e n tra l ho le  was then placed on 

the  s l id e  and covered w ith  a p la s t ic  bucket which had a chamber to  in s e r t  

the  c e l l  suspension. T h is  chamber leads to  a tube which abuts the  g lass  

s l id e  a t the  punched ho le  in  the  ca rd . A lo c k in g  clamp mechanism ensured 

th a t  the  fo u r  d i f f e r e n t  components stayed f i r m ly  a p p lie d  to g e th e r. See 

photographs P la te s  3 .3  and 3 .4 .

3 The s l id e  ho ld e r was p laced in  the  c e n tr ifu g e  and 100 pL c e l ls  were 

then placed in  each bucket.

4 The s lid e s  were c e n tr ifu g e d  a t 150g f o r  7 m inutes on th e  low 

a c c e le ra tio n  s e t t in g .

5 The clamp mechanism was re leased using a sp e c ia l to o l and to  avo id  

smearing the  c e n tra l c e l l  p re p a ra tio n  on the  s l id e  the  cy to s p in  card was 

c a r e fu l ly  bent away from  the  s l id e  b e fo re  removal.

6 The s l id e  was a llow ed to  a i r - d r y  fo r  one hour, a f te r  t h is  s lid e s  

cou ld  be s to red  a t -20°C in  bags c o n ta in in g  s i l i c a  gel to  prevent 

condensa tion.

7 For immunocytochem istry the  s lid e s  were removed from the  fre e z e r  and 

a llow ed to  thaw in  t h e i r  bags f o r  one hour a t room tem perature  (see 

immunocytochem istry method).

8 T h is  method produced a m icroscope s l id e  w ith  a c e n tra l p o r t io n  o f  

human u m b ilic a l ve in  e n d o th e lia l c e l ls ,  which were p resen t as a monolayer, 

which was confirm ed us ing  l i g h t  m icroscopy be fo re  s ta in in g .

3 .8  C e ll cou n tin g

The cou n tin g  o f c e l ls  was done using a s tandard techn ique .

1 50 pL o f  the  c e l l  suspension to  be counted was added to  200 pL o f

cou n tin g  f l u id  and th o ro u g h ly  m ixed. Counting f lu i d  was prepared by 

d is s o lv in g  1 mg/L ge n tia n  v io le t  in  2 .0  % w/v a c e t ic  a c id  in  d i s t i l l e d  

w a te r.
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2 A p re -e tched  c e l l  cou n tin g  s l id e  (Meubauer) was washed in  methanol 

s o lu t io n  and a cover s l i p  a p p lie d  to  i t s  su rface  o b ta in in g  a good f i t  

between the  two.

3 The d i lu te d  c e l l  suspension was in tro du ced  under th e  edge o f  the

cover s l ip  o f  th e  m icroscope s l id e .  A minimum suspension to  cover the

etched coun ting  chambers was used to  ensure a monolayer o f c e l ls  which 

r e s t r ic t s  the  cou n tin g  e r ro r .

4 Four se ts  o f 25 g r id s  were counted and an average taken.

5 The c e l l  co n c e n tra tio n  is  worked out using the  fo llo w in g  fo rm u la :

Average number o f c e l ls  in  4 g r id s  = c

C e lls  per ml = c x 5 x 10®

3 .9  Flow cy tom etry  o f  human u m b ilic a l ve in  e n d o th e lia l c e l ls

1 Human u m b ilic a l ve in  e n d o th e lia l c e l ls  were su b cu ltu re d  in to  t is s u e

c u ltu re  f la s k s  o r w e lls .  When the  c e l ls  were c o n flu e n t they were removed 

from  the  c u ltu re  vesse ls  by t r y p s in is a t io n , as p re v io u s ly  de sc rib ed . A f te r  

th e  post t r y p s in is a tio n  washing sequence they were resuspended in  phosphate 

b u ffe re d  s a lin e  and counted. They were then fu r th e r  d i lu te d  using 

phosphate b u ffe re d  s a lin e  to  a f in a l  c o n c e n tra tio n  o f 1 x 10^ c e l ls /m l.

2 100 pL o f  c e l ls  were drawn o f f  and placed in  a 5 ml te s t  tube.

3 1 pL o f a p p ro p r ia te ly  d i lu te d  monoclonal an tibo dy  was added to  the  

e n d o th e lia l c e l ls  and th o ro u g h ly  mixed using a v o rte x  a g ita to r .

4 The tube was placed on ic e  fo r  30 m inutes in  the  l i g h t  to  in cu b a te .

5 A f te r  in c u b a tio n  excess unbound monoclonal an tibo dy  was removed by 

washing us ing the  fo llo w in g  p rocedure . 3 ml o f phosphate b u ffe re d  sa line , 

was added and mixed us ing  the  a g ita to r ,  the  c e l l  suspension was then 

c e n tr ifu g e d  a t 150 g fo r  5 m inutes. The supernatan t was d iscarded  and the  

c e l ls  were resuspended in  phosphate b u ffe re d  s a lin e  and c e n tr ifu g e d  as 

b e fo re . A f te r  d is c a rd in g  the  superna tan t again the  c e l ls  were re-suspended
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in  50 pL o f 0.1% (w /v ) human album in in  phosphate b u ffe re d  s a lin e  

c o n ta in in g  0.005% (w /v ) human AB serum.

6 50 pL FITC con jugated a n t i mouse IgG p o ly c lo n a l an tibo dy  ( a l l

a n tib o d ie s  were resuspended in  100 pL o f  a m ix tu re  o f  phosphate b u ffe re d

s a lin e /a z id e /b o v in e  serum .) was added to  t h is  suspension.

7 The tube was then incubated a t 4°C in  the  da rk .

8 Excess FITC con jugated a n t i mouse an tibody  was removed by washing.

3 ml phosphate b u ffe re d  s a lin e  vias added and mixed and the  suspension then 

c e n tr ifu g e d  a t 150 g f o r  5 m inutes. The supernatan t was d iscarded  and the  

c e l ls  resuspended. T h is  washing s tep  should be repeated th re e  tim es.

9 A f te r  the  f in a l  wash the  c e l l  p e l le t  was resuspend in  100 pL o f 1% o f 

paraform aldehyde phosphate b u ffe re d  s a lin e  (ca re  is  re q u ire d  in  the  

h a nd ling  o f paraform aldehyde which is  t o x ic ) .

10 The c e l ls  were then ready to  be analysed us ing  th e  f lo w  cy tom ete r. 

Some o f the  f lo w  cytom eter param eters were p re s e t, the  Am plitude to  1 .00, 

the  Threshhold to  200 and the  gates to  count 2000 c e l ls .

11 A f te r  cou n tin g  the  f lo w  cytom eter so ftw a re  was used to  o b ta in  both a 

num erica l and g ra ph ic  re p re s e n ta tio n  o f  c e l ls  counted.

3 .10 C o lle c tio n  o f  b lood samples

1 A l l  b lood samples were regarded as hazardous and tre a te d  w ith  ca re .

Gloves were worn by the  ph le bo to m is t and a l l  needles were im m edia te ly

disposed o f in to  sharp sa fe  boxes.

2 A to u rn iq u e t was placed around the  upper arm o f  the  blood donor.

3 Venous f i l l i n g  was encouraged by asking the  donor to  squeeze t h e i r

hand in to  a f i s t  and by sh a rp ly  tap p in g  the  ve in  to  be used.

4 The s k in  above th e  ve in  was cleaned w ith  an a lcoh o l swab.

5 Two blood c o l le c t io n  systems were used in  t h is  s tud y , e ith e r  a needle

and s y rin g e  o r the  v a c u ta in e r b lood c o l le c t in g  system. The needle was
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in tro du ced  in to  th e  ve in  and the  s y r in g e  o r the  b lood b o t t le s  were then 

f i l l e d  as re q u ire d .

6 When s u f f ic ie n t  b lood had been taken , the  to u rn iq u e t was re leased .

7 The needle was removed from  the  ve in  and pressure  im m edia te ly  a p p lie d  

to  the  puncture  s i t e  w ith  a c o tto n  wool b a ll p ress ing  fo r  one to  two 

m inutes to  ensure haem ostasis.

8 The punture  s i t e  was then covered w ith  a d isposab le  d re ss in g .

9 Blood samples were s to red  in  a 4°C fr id g e  u n t i l  ready fo r  use.

3.11 I s o la t io n  o f  n e u tro p h ils  from whole b lood by d e n s ity  c e n tr i fu g a t io n

T h is  method is  as described  by Eggleton (E gg le ton e t a l ,  1989).

The main advantages o f t h is  method were th a t  i t  was s im p le , 

r e la t iv e ly  ra p id  to  pe rfo rm , c e l l  morphology was w e ll preserved and the  

method does not im p a ir the  fu n c tio n  o f the  c e l ls .  A r e la t iv e ly  h igh y ie ld  

o f  c e l l  is  p o s s ib le  i f  b lood is  c o lle c te d  in to  potassium  EDTA tubes w ith  as 

many as 4 x 10® c e l ls  e x tra c te d  from  ImL o f b lood . The c e l l  p re p a ra tio n s  

con ta ined  app rox im a te ly  10% lym phocytes, 5% e o s in o p h ils  and 2% monocytes. 

T h is  p u r i t y  was not as good as th a t  ob ta ined  using g ra d ie n t polymers 

however P e rc o ll g ra d ie n ts , which are  commonly used in  t h is  method, can 

a f fe c t  polymorph fu n c tio n  by be ing phagocytosed w h ile  th e  c e l ls  are laye red  

on the  g ra d ie n t.  T h is  may then a f fe c t  the  a b i l i t y  o f the  polymorph to  

perfo rm  c e l l  adhesion. I t  was a lso  im p o rtan t th a t  the  blood be c o lle c te d  

in to  potassium  EDTA because c i t r a t e  and heparin  have been found to  

s t im u la te  th e  o x id a tiv e  b u rs t o f  po lym orphonuclear le uco cy te s .

1 4 ml venous b lood was c o lle c te d  in  postassium  EDTA to  a u n iv e rs a l 

c o n ta in e r.

2 The blood was then added to  16 ml co ld  (4°C) is o to n ic  ammonium 

c h lo r id e .  T h is  was mixed w e ll and incubated a t 4°C fo r  f i f t e e n  m inutes.

3 T h is  m ix tu re  was then c e n tr ifu g e d  a t 160 g f o r  lO m inutes.
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4 The superna tan t v/as d isca rd ed .

5 The c e l l  p e l le t  was g e n t ly  resuspended in  10 ml phosphate b u ffe re d

s a lin e .

6 T h is  suspension was c e n tr ifu g e d  a t 55 g fo r  10 m inutes.

7 The superna tan t was d isca rd ed .

8 The c e l l  p e l le t  was g e n tly  resuspended in  5 ml phosphate b u ffe re d

s a l i  ne.

9 T h is  suspension was c e n tr ifu g e d  a t 55 g fo r  5 m inutes.

10 The superna tan t was d iscarded  and the  c e l ls  resuspended in  phosphate

b u ffe re d  s a lin e .

11 The c e l l  co n c e n tra tio n  was determ ined by the  Haemocytometer coun ting

method.

12 The c e l l  suspension was fu r th e r  d i lu te d ,  i f  re q u ire d , to  the  re q u ire d

co n c e n tra tio n  and s to red  a t 4°C u n t i l  use.

3.12 Method o f  rena l t ra n s p la n t  b iopsy

Th is  method is  taken from  N icho lson 1990 (N icho lson  e t a l ,  1990). 

P r io r  to  b iopsy blood c o a g u la tio n  as measured by INR ( In te rn a t io n a l 

Norm alised R a tio ) was w ith in  the  normal range and the  d ia s to l ic  blood 

p ressure  was le ss  than 100 mmHg. The procedure was perform ed under a s e p tic  

c o n d it io n s . The tra n s p la n te d  kidney was lo c a lis e d  and o r ie n ta te d  using 

u ltra so u n d  scanning, du rin g  t h is  p ro je c t  an A loka SSD-630 re a l tim e 

machine was used w ith  a f u l l y  s t e r i l is a b le  3.5  MHz l in e a r  a rra y  probe.

A tra n sve rse  o r lo n g itu d in a l s e c tio n  o f the  k idney was demonstrated 

in  a p o s it io n  which was s u ita b le  fo r  easy m an ip u la tion  o f the  b iopsy gun 

and needle. The u ltra so u n d  probe was he ld steady th roughou t the  procedure 

by an a s s is ta n t .  The s k in  and subcutaneous t is s u e s  down to  th e  capsule o f 

the  tra n s p la n te d  kidney were anaesthe tised  by the  lo c a l i n f i l t r a t i o n  o f 

1-2% lig n o c a in e  s o lu t io n .  A sca lp e l b lade (no 11) was used to  p ie rc e  the
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s k in  over the  t ra n s p la n t  to  f a c i l i t a t e  smooth passage o f the  b iopsy need le. 

A 14 gauge T ru -c u t b iopsy needle (T ravenol La b o ra to rie s  In c o rp o ra te d , 

D e e r f ie ld , USA), mounted in  the  B io p ty  gun (R a d ip la s t AB, Uppsala, Sweden) 

was used. The B io p ty  gun is  an au tom atic  f i r i n g  dev ice  which works by a 

s p rin g  loaded mechanism (L ind g ren , 1982). The T ru -c u t needle was 

in tro du ced  through the  subcutaneous t is s u e s  and down to  the  capsule o f  the  

kidney under u ltra so u n d  c o n tro l.  The needle was c a r e fu l ly  passed through 

the  f ib ro u s  pseudocapsule o f  th e  tra n s p la n te d  k idney. The capsule p resen ts  

v a r ia b le  re s is ta n c e , depending on the  age o f the  t ra n s p la n t ,  and w ith  

lo n g -s ta n d in g  organs is  o fte n  q u ite  th ic k .  The b iopsy t ra c k  and needle t i p  

can be seen very  c le a r ly  u l t r a s o n ic a l ly  and t h is  a llo w s  p re c is e  ta rg e t in g .  

The b iopsy needle t i p  was p o s it io n e d  ju s t  underneath th e  pseudocapsule and 

the  angle o f a tta c k  ad jus ted  so th a t  a s u p e r f ic ia l c o r t ic a l  b iopsy was 

ta k e n .

F o llow ing  b iop sy , f irm  p ressure  was a p p lie d  over the  b iopsy s i t e  fo r  

5 m inutes. A pressure  d ress ing  was then a p p lied  and the  p a t ie n t  kept on 

s t r i c t  bed re s t  fo r  12 hours. In te n s iv e  o b se rva tion  o f  th e  pu lse  and b lood 

pressure  was made du rin g  t h is  tim e in te r v a l .  S e r ia l u r in e  samples were 

d isp la yed  a t the  bedside to  judge th e  presence and progress o f macroscopic 

haem aturia.

The use o f  both the  B io p ty  gun and the  u ltra so u n d  scanner were 

e s s e n tia l to  th e  success o f  th e  method. The B io p ty  gun perform ed a 2 -s tage  

c u t t in g  a c tio n  o f the  T ru -c u t needle m echan ica lly  and we b e lie v e  th a t  t h is  

improved both the  s iz e  and q u a l i t y  o f  the  t is s u e  core ob ta ined  when 

compared w ith  the  manual T ru -c u t techn ique .

The use o f  re a l tim e u ltra so u n d  a llow ed accu ra te  o r ie n ta t io n  o f  the  

b iopsy  procedure so th a t  the  rena l vesse ls  and u re te r  are avo ided. The 

u ltra so u n d  scan a lso  c le a r ly  d is tin g u is h e d  between rena l c o rte x  and m edulla 

and, w ith  experience , s e le c t iv e  b iopsy  o f  the  rena l c o rte x  cou ld  be
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ach ieved. T h is  ensured a good g lo m e ru la r count and avoided damage to  the  

b lood vesse ls  in  the  m edulla and h ilum  o f the  k idney.

3 .13 S to r in g  and mounting o f  t is s u e  fo r  h is to lo g y

T h is  method is  a p p lic a b le  to  a l l  t is s u e  specimens c o lle c te d  e i th e r  

us ing  the  T ru -c u t b iopsy tech n iq ue  o r by open b iop sy .

1 A l l  specimens were c o lle c te d  in to  u n ive rsa l c o n ta in e rs  p r e f i l le d  w ith  

minimum e s s e n tia l media (MEM). Specimens were im m edia te ly  tra n s p o rte d  to  

the  la b o ra to ry  and s to red  a t 4°C w h ils t  the  fu r th e r  equipment re q u ire d  was 

prepared.

2 A sm all volume o f  l iq u id  n itro g e n  was poured in to  a dewar (p ro te c t iv e  

g lasses and g loves were worn a t a l l  tim es w h ils t  ha nd lin g  l iq u id  n itro g e n ) .

3 The specimen and media were poured in to  a p e t r i  d is h  and us ing  a 

sharp sca lp e l b lade a re p re s e n ta tiv e  s l ic e  o f t is s u e  (minimum 3mm depth by 

10 mm le n g th ) was c u t,  ensuring  th a t  t is s u e  was s lic e d  and no t to rn .  The 

T ru -c u t kidney b io p s ie s  were not la rg e  enough to  re q u ire  c u t t in g  down and 

were l e f t  in ta c t .

4 A few drops o f  T issue-Tex OCT embedding medium were poured onto a 

sm all p iece  o f co rk  d is c , ta k in g  care  to  avo id the  in tro d u c t io n  o f  any a i r  

bubb les.

5 The specimen was p icked up using a 22 gauge orange needle and mounted 

in  the  OCT by draw ing i t  through th e  f lu i d  to  f la t t e n  the  specimen o u t.

6 The mounted specimen was plunged in to  the  l iq u id  n itro g e n  using  la rg e  

metal fo rceps  and he ld  under u n t i l  bu bb lin g  ceased and the  specimen was 

f ro z e n .

7 A sm all screw top  v ia l  was la b e le d  w ith  p a t ie n t  d e ta i ls  and the  

specimen was placed in  i t .

8 The v ia l  was s to red  in  l iq u id  n itro g e n  u n t i l  the  specimen was ready 

fo r  fu r th e r  p rocess ing .
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3 .14 C u tt in g  and f ix in g  fro z e n  s e c tio n s  us ing f r ig o c u t  c ry o s ta t

a Cabinet was se t a t -2 0 °C fo r  c u t t in g  kidney specimens,

b D e fro s t t im e r was se t f o r  12 m id n ig h t.

c The c learance  angle o f  the  k n ife  b lock  was se t a t 7 .5° ( th e  f i r s t

mark rep resen ts  5°)

d The c u t t in g  th ic k n e s s  was se t a t 5 mm.

C u tt in g  s e c tio n s

The b iopsy was tra n s fe re d  from  the  main l iq u id  n itro g e n  tub  to  the  

c ry o s ta t cab in e t us ing a sm all dewar f la s k  f i l l e d  w ith  l iq u id  n itro g e n . 

P ro te c tiv e  equipment was used, mask and g loves, because o f th e  danger o f 

v ia l  exp lo s ion  due to  ra p id  expansion o f  l iq u id  n itro g e n  trapped in  v ia l .

1 The v ia l c o n ta in in g  cork  mounted b iopsy was placed in  the  c a b in e t and 

l e f t  fo r  one hour to  warm to  -20°C.

2 The cork  was mounted on the  o b je c t b lock  w ith  OCT and placed on a 

fre e z in g  stage u n t i l  the  OCT had hardened.

3 The o b je c t b lo ck  was p laced on the  c u t t in g  stage and th e  c u t t in g

stage p o s it io n  was ad ju te d  as re q u ire d . The b iopsy was trimmed u n t i l  the

excess OCT had been c le a re d  and t is s u e  was be ing c u t,  the  se c tio n s  were 

then c o lle c te d  on from  th e  k n ife  edge using an a n t i - r o l l  p la te  (p o s it io n  

a lte re d  as re q u ire d ) .  The se c tio n s  were p icked up on g e la t in is e d  

m icroscope s lid e s  (s l id e s  dipped in  s o lu t io n  o f 0 .6  g e la t in  in  ICO ml 

d i s t i l l e d  w ater + 0.05 g chrome alum -  added a f te r  g e la t in  is  d is s o lv e d . 

S lid e s  were then l e f t  to  a i r  d ry  and s to red  in  la rg e  s to rage  box). Enough 

se c tio n s  were cu t fo r  2 s ta in in g  runs.

4 The s e c tio n  was a llow ed to  a i r  d ry  fo r  a t le a s t one hour be fo re

f ix in g .

5 The s lid e s  were la b e lle d  in  p e n c il w ith  the  b iopsy number and d e ta i ls

o f  p a t ie n t ,  date c u t,  e tc .  were en te red  in  a b iopsy reco rd  book which was 

kept w ith  the  b iopsy equipm ent.
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F ix in g  s e c tio n s

1 The s lid e s  w ith  s e c tio n s  on them were placed in  a rack and in to  b la ck  

d ishes c o n ta in in g  acetone a t room tem pera ture  fo r  10 m inutes, then a llow ed 

to  a i r  d ry .

2 H a lf the  s lid e s  were s to re d  in  racks in  la b e lle d  bags c o n ta in in g  

s i l i c a  gel in  a -2 0 “ C fre e z e r  (o r  o v e rn ig h t a t room tem pera ture  fo r  

s ta in in g  next day). The o th e r h a lf  were wrapped w ith  tape and d iv id e rs ,  

and placed in  la b e lle d  sample bags c o n ta in in g  s i l i c a  gel and s to re d  in  

a i r t i g h t  boxes in  a separa te  -2 0 “ C fre e z e r .  The d e ta i ls  were then en tered 

in to  the  cu t b iopsy reco rd  book.

3.15 A lk a lin e  phosphatase a n t i - a l k a l ine phosphatase (APAAP) s ta in in g  

T h is  method is  a p p lic a b le  to  both se c tio n s  o f  t is s u e  and c e l l  

p re p a ra tio n s  prepared by c y to s p in . S ections can be used fre s h  a f te r  c u t t in g  

and f ix in g  o r can be used from fro z e n . A l l  in cu b a tio n s  were c a r r ie d  out a t 

room tem perature in  humid chambers us ing a drop o f a n tib o d y /s u b s tra te  on 

s e c tio n . A l l  b io p s ie s  were f i r s t  r in ge d  w ith  a Dako wax pen.

1 S lid e s  were rehydra ted  in  phospate b u ffe re d  s a lin e  fo r  15 m inutes.

2 S ections (p re  f ix e d  in  acetone) were incubated w ith  20% AB serum in  

PBS (AB/PBS) fo r  30 m inutes.

3 The s lid e s  were d ra ined  and wiped around the  s e c tio n s  o f  t is s u e . 100 

pL o f  a p p ro p r ia te ly  d i lu te d  ( in  AB/PBS) monoclonal an tibo dy  was added to  

each s e c tio n  and incubated f o r  45-60 m intues in  humid chambers.

4 The s lid e s  were washed th re e  tim es fo r  5 m inutes each in  PBS using 

racks and b la ck  d ishe s .

5 The s lid e s  were d ra ined  and w iped, and 100 pL o f ra b b it  anti-m ouse 

' l i n k '  an tibo dy  d i lu te d  1:50 (20 pL in  1 ml) in  AB/PBS was added to  each 

s e c tio n . The s lid e s  were then incubated fo r  30 m inutes.

6 The s lid e s  were washed 3 tim es fo r  5 m inutes each in  PBS.
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7 The s lid e s  were d ra ined  and wiped and 100 pL APAAP complex d i lu te d  

1:50 (20pL in  1 ml in  AB/PBS) was added to  each s e c tio n . The s lid e s  were 

then incubated fo r  30 m inutes.

8 The s lid e s  were washed 3 tim es fo r  5 m inutes each in  PBS. WB the

la s t  wash con ta ined  2 .5  ml 0.1M le vam iso le .

9 The s e c tio n s  were then incuba ted  fo r  20 m inutes w ith  f re s h ly  made 

s u b s tra te  -  10 mg Naphthol AS/BI phosphate + 10 ml b u f fe r  (0 .2  M Tris-HC L 

pH9) to  t h is  was added to  10 mg Fast red TR s a l t  + 100 pL O.IWi le vam iso le . 

Note: N aphthol-AS-B I-phosphate + Fast Red are considered p o s s ib le  

carc inogens; g loves were worn a t a l l  tim es .

10 The s lid e s  were then r in se d  w ith  d i s t i l l e d  w a te r.

11 The s e c tio n s  were co u n te rs ta in e d  w ith  M ayer's Haemalum fo r  10

m inutes.

12 The s lid e s  were then l e f t  to  soak in  tap  w ater f o r  2-3 m inutes.

13 The se c tio n s  were then mounted wet using pre-warmed g ly c e ro l g e la t in .

3 .16  P rep a ra tion  o f  C ytok ines

3 .16 .1  In te r le u k in - IB

The In te r le u k in - IB  ( IL -1 S ) used in  these s tu d ie s  was ob ta ined  from  

B r i t is h  B io techno logy and produced by recombinant gene techno logy . The 

p roduct was su p p lie d  as 2 mg o f v ia ls  ly o p h il is e d  powder, w ith  a s ta te d  

a c t iv i t y  o f 200 U /v ia l.  The v ia ls  were re c o n s t itu te d  w ith  2 ml o f 0.22 mm 

f i l t e r  s t e r i l iz e d  phosphate b u ffe re d  s a lin e  p lus  0.1% (w /v ) human serum 

album in, and a liq u o te d  in  100 ml lo ts  in to  s t e r i l e  1 ml s to rage  tubes 

(S a rs te d t, 'C r y o v ia ls ',  UK). A liq u o ts  were s to red  a t -20°C u n t i l  needed, 

and d iscarded  a f te r  3 months. B efore use v ia ls  were thawed a t room 

tem pera tu re , and the  con ten ts  o f  th e  v ia l  added to  0 .9  ml o f fre s h  ECM
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g iv in g  a s tock  s o lu t io n  o f  20 U /m l.

3 .1 6 .2  In terferon-gam m a

The In te rfe ro n -g a m m a  (IF N -g ) used in  these s tu d ie s  was ob ta ined  from 

Sigma Chemicals (1-6507) and was su p p lie d  as v ia ls  o f  0.1 ml INF-g s o lu t io n  

in  phosphate b u ffe re d  s a lin e  p lu s  human serum album in, w ith  a s ta te d  

a c t iv i t y  o f  500,000 U /v ia l.  The v ia ls  were d i lu te d  w ith  9 .9  ml o f  0.22 mm 

f i l t e r  s t e r i l iz e d  phosphate b u ffe re d  s a lin e  p lus  1% (w /v ) human serum 

album in (F in a l co n c e n tra tio n  50,000 U /m l), and a liq u o te d  in  0.5  ml lo ts  

in to  s t e r i l e  1 ml s to rag e  tubes (S a rs te d t, 'C r y o v ia ls ',  UK). A liq u o ts  were 

s to re d  a t -70°C u n t i l  needed, and d iscarded  a f te r  3 months. Before use the  

tubes were thawed a t room tem pera tu re , and con ten ts  d i lu te d  as re q u ire d .

3.17 FACScan exam ination  o f  c e l l  s u rfa ce  m arkers: D e ta ils  o f  a n itb o d ie s  

used.

E n d o th e lia l c e l l  suspensions were examined by f lo w  cytom etry  (see 

s e c tio n  3 .9 ) ,  us ing a range o f  monoclonal a n tib o d ie s  the  d e ta i ls  o f  which 

are  g iven in  Table 3 .1 . (p 107). A l l  a n tib o d ie s  used were monoclonal 

a n tib o d ie s  de rive d  from mouse c e l l  l in e s  or whole an im a ls.

3.18 S t a t is t ic a l  a n a ly s is  o f  da ta .

A l l  s t a t is t i c a l  analyses were performed using an Apple M acintosh 

C la s s ic  4/40 computer us ing  MINTAB™ 8.0  and Insta t™  1.12 s t a t is t i c a l  

packages. Advice concern ing th e  use o f pa ram e tric  and non-param etric  

s t a t is t i c s  was ob ta ined  from  Dr T Horsburgh and o th e r members o f the  Dept, 

o f Surgery.
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When a p p ro p r ia te  s t a t is t i c a l  te s ts  fo r  pa ram e tric  data (S tudents t  

t e s t )  were a p p lie d . However due to  th e  sm all sample numbers encountered, 

p a r t ic u la r ly  in  Chapter seven, i t  was f e l t  necessary to  use d is t r ib u t io n  

f re e  or non-param e tric  te s ts .  We used the  Mann-Whitney U te s t  and the  

p a ire d  W ilcoxon te s t  where a p p ro p r ia te  on the  adv ice  o f  a s ta t ic ia n .  

R esu lts  are expressed in  the  normal way w ith  s ig n if ic a n c e  reached when 

p<0.05. T h is  is  shown in  the  te x t  and on graphs and ta b le s .
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Table 3.1 Antibodies used in  
surface markers.

FACScan examination of endothelia l cel 1

Target Antigen 
Number

S p e c if ic ity Ig  Type Source D ilu tio n Catalogue

A nti-C lass I *6 /32+ I#% A NS1/1C 1:1000 84112003
A nti-C lass I ABC Common++ I# B A Ascites 1:1000 MCA81A
Anti-C lass I I DR* I#% A L243# 1:1000 34736A
A nti-C lass I I DO* IgGI SK10* 1:1000 347450
Anti-ICAM-1 CD54** IgGI BB1G-1L* 1:1000 BBA3
A n ti-E -S e lec tin _#* IgGI BB1G-E6* 1:1000 8BA2
Anti-PECAM CD31** IgGI 9G11* 1:1000 BBA7
Anti-VCAM IgGI BB1G-V1* 1:1000 8BA5

Legend:

^Myeloma c e ll l in e
#Derived from Myeloma NS-1/1-Ag4
$Derived from Myeloma NS-1
^European C o llection  of Animal C ell Cultures,
UK
++SeroTec, K id lington, Oxon, UK 
*Becton-Dickinson, Oxon, UK 
**R&D Systems Europe, Oxon, UK

PHLS, Porton Down, Salisbury,
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CHAPTER FOUR

The e f fe c t  o f  exogenous s t im u l i on th e  exp ress ion  

o f  e n d o th e lia l c e l l  su rface  a n tig e n s .

4.1 In tro d u c t io n

The aim o f these experim ents was to  in v e s t ig a te  the  e f fe c ts  o f the  

in flam m ato ry  c y to k in e s  II\IF-gamma (IN F -g) and In te r le u k in -1  beta ( I L - lb )  on 

e n d o th e lia l c e l l  exp ress ion  o f  HLA Class 1 and Class I I  an tige ns  and on the  

expression o f  the  e n d o th e lia l c e l l  adhesion m olecules E -S e le c tin , ICAM-1 

and PECAM. The tim e course over which these m olecules were expressed on 

the  c e l l  su rface  a f te r  c y to k in e  s t im u la t io n  was in v e s t ig a te d  as were a 

range o f c y to k in e  c o n c e n tra tio n s , to  determ ine which produced maximum 

an tigen  exp ress ion .

The rena l t ra n s p la n t  p a t ie n t  has a number o f unique s tre sse s  a c tin g  on 

the  e n d o th e lia l l in in g  o f  t h e i r  b lood vesse ls , in c lu d in g  uraemic to x in s  and 

immunosuppressive agents. The p o te n t ia l e f fe c t  o f these agents on HUVEC 

an tige n  exp ress ion was in v e s t ig a te d  i n  v i t r o  us ing HUVEC c u ltu re s  tre a te d  

w ith  c y c lo s p o r in  A and m e thy lp re dn iso lone .

4 .2  Methods

4 .2 .1  C e ll C u ltu re  Methods

E n d o th e lia l c e l ls  (EC) were c u ltu re d  in  24 w e ll t is s u e  c u ltu re  p la te s  

(see M ethods). A f te r  s u b -c u ltu re , the  c e l ls  were a llow ed to  adhere to  the  

p la te s  fo r  24 hours be fo re  e x p e rim e n ta tio n .
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The superna tan t medium was poured from the  p la te s  and rep laced w ith  

0 .5  ml fre s h  e n d o th e lia l c e l l  medium (ECM), in to  which were added cy to k in e s  

o r immunosuppressive drugs a t v a ry in g  c o n c e n tra tio n s .

Assays o f each s t im u la n t c o n c e n tra tio n  were perform ed in  t r ip l i c a t e .

To o b ta in  samples fo r  tim e course ob se rva tions  id e n t ic a l 24 -w e ll p la te s  

were prepared s im u lta n e o u s ly . A l l  p la te s  were incubated a t 37°C in  a 5% 

COg/95% Og atmosphere.

4 .2 .2  E f fe c t  o f  IMF-gamma on e n d o th e lia l su rfa ce  a n tig e n  exp ress ion 

The c o n c e n tra tio n s  o f  INF-gamma (IN F -g ), used were ob ta ined  by

d i lu t io n  o f the  s tock  s o lu t io n  described  in  the  Methods s e c tio n . The 

f in a l  INF-g co n c e n tra tio n s  (U /m l) used w e re :- 0, 10, 50, 100, 500, 1000, 

5000 and 10,000.

One p la te  was removed from  th e  in c u b a to r a t 24, 48, 72 and 96 hours, 

the  e n d o th e lia l c e l ls  were examined w ith  an in v e rte d  phase c o n tra s t 

m icroscope to  con firm  th a t  a monolayer o f  c e l ls  was p re se n t. C e lls  were 

then detached by t r y p s in is a t io n  and washed (see M ethods).

4 .2 .3  E f fe c t  o f  IL -1  b e ta  on e n d o th e lia l c e l l  s u rfa ce  an tig e n  exp ress ion  

The c o n c e n tra tio n s  o f IL -1  beta ( IL -1 b ) ,  used were ob ta ined  by d i lu t io n

o f  the  s tock  s o lu t io n  described  in  th e  Methods s e c tio n . The f in a l  I L - lb  

c o n c e n tra tio n s  (U /m l) used w e re :- 0, 0 .1 , 1 and 5.

One p la te  was removed from the  in cu b a to r a t 1, 2, 3 and 4 hours, the  

e n d o th e lia l c e l ls  were examined w ith  an in v e rte d  phase c o n tra s t m icroscope 

to  con firm  th a t  a monolayer o f  uncontam inated c e l ls  was p re sen t. C e lls  

were then detached by t r y p s in is a t io n  and washed (see M ethods).
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4 .2 .4  E f fe c t  o f  C yc lo sp o rin  A on e n d o th e lia l c e l l  su rfa c e  an tige n  

exp ress ion .

C yc lospo rin  A (CyA) (Sandoz Pharma, S w itze rla n d ) was ob ta ined  in  i t s  

in tra -v e n o u s  form  a t a co n c e n tra tio n  o f  100 mg/ml. D i lu t io n s  o f  t h is  s tock  

were prepared w ith  fre s h  ECM to  produce f in a l  c o n c e n tra tio n s  { m g/m l) o f 

0, 0 .1 , 1, 10 and 50.

Two d i f f e r e n t  p ro to c o ls  were used to  examine the  e f fe c ts  o f CyA on 

e n d o th e lia l c e l l  an tige n  exp ress ion . P ro toco l 1 examined the  e f fe c ts  o f 

p re -tre a tm e n t o f e n d o th e lia l c e l ls  (EC) w ith  CyA b e fo re  s t im u la t io n .  EC 

were p re -in cu b a te d  in  ECM + CyA fo r  48 hours, t h is  medium was poured o f f  

and rep laced w ith  0 .5  ml o f  e i th e r  fre s h  ECM o r ECM+5 U/ml I L - lb  and the  

c e l ls  were incubated fo r  a fu r th e r  4 hours be fo re  su rface  an tigen  assay. 

P ro toco l 2 examined the  e f fe c ts  o f  sim ultaneous in c u b a tio n  o f CyA and 

I L - lb .  EC were incubated w ith  ECM+CyA fo r  4 hours e i th e r  w ith  or w ith o u t 5 

U/ml I L - lb .

The EC suspensions from these assays were examined fo r  increases in  

E -S e le c tin  exp ress ion , s in ce  I L - lb  o n ly  s tim u la te d  E -S e le c tin  expression 

and fo r  HLA Class I  exp ress ion  (w ith  a n t i C lass I  ABC common) as a c o n t ro l.

4 .2 .5  E ffe c ts  o f  M e thy lp re dn iso lone  on e n d o th e lia l c e l l  s u rfa ce  an tigen  

exp ress ion .

M e thy lp redn iso lone  (MPred) was ob ta ined  as an in t r a  venous p re p a ra tio n  

and made up as a s tock  s o lu t io n  a t a c o n c e n tra tio n  o f  500 mg/ml in  ECM. 

D ilu t io n s  o f t h is  s to ck  were prepared w ith  fre s h  ECM to  produce f in a l  

c o n c e n tra tio n s  (m g/m l) o f  0 .25 , 2 .5  and 25.

Two d i f f e r e n t  p ro to c o ls  were used to  examine the  e f fe c ts  o f MPred on 

e n d o th e lia l c e l l  an tige n  exp ress ion . P ro toco l 1 examined the  e f fe c ts  o f 

p re -tre a tm e n t o f e n d o th e lia l c e l ls  (EC) w ith  MPred be fo re  s t im u la t io n .  EC 

were p re -in cu b a te d  in  ECM + MPred fo r  24 hours, t h is  medium was poured o f f
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and rep laced w ith  0 .5  ml o f e i th e r  fre s h  ECM o r ECM+5 U/ml IL -1 b  and the  

c e l ls  were incubated fo r  a fu r th e r  4 hours be fo re  su rfa ce  an tigen  assay. 

P ro toco l 2 examined the  e f fe c ts  o f s im ultaneous in c u b a tio n  o f MPred and 

I L - lb .  EC were incubated w ith  0 .5  ml ECM+MPred fo r  4 hours, e i th e r  w ith  or 

w ith o u t 5 U/ml IL -1 b .

The EC suspensions from  these assays were examined fo r  increases in  

E -S e le c tin  exp ress ion , s ince  IL -1 b  o n ly  s tim u la te d  E -S e le c tin  exp ress ion , 

and fo r  HLA Class I  exp ress ion (a n t i C lass I  ABC), as a p o s it iv e  c o n tro l.

4 .2 .7  FACScan exam ination  o f  c e l l  s u rfa ce  marker exp ress ion

The EC suspensions were processed fo r  f lo w  cy tom etry , (see Methods 

3 .9 ) ,  w ith  c e l l  su rfa ce  an tige ns  assayed using the  fo l lo w in g  mouse 

monoclonal a n tib o d ie s  (MoAb). F u rth e r d e ta ils  are a v a ila b le  from Table 3.1

1 A n ti-C la s s I (W6/32, Dept o f S urgery, L e ic e s te r

2 A n ti-C la s s I (ABC Common, SeroTech, Oxon, UK)

3 A n ti-C la s s I I (DR, B ecton-D ick inson , Oxon, UK)

4 A n ti-C la s s I I (DQ, B ecton-D ick inson , Oxon, UK)

5 Anti-ICAM -1 (R&D Systems Europe, Oxon, UK)

6 A n t i-E -S e le c ti n (R&D Systems Europe, Oxon, UK)

7 Anti-PECAM (R&D Systems Europe, Oxon, UK)

0.5  ml o f s to ck  MoAb s o lu t io n  was used in  each case. C ontro l c e l l  

suspensions, w ith o u t MoAb bu t w ith  FITC con jugated anti-m ouse MoAb and w ith  

MoAb but w ith o u t FITC con jugated anti-m ouse MoAb, were used in  these 

experim ents.

4 .3  R esu lts

A l l  f low cy to m ete r re s u lts  are expressed as median flu o re sce n ce , bu t i t  

was im p o rtan t to  a llo w  fo r  the  fa c t  th a t  e n d o th e lia l c e l ls  show a 

background fluo resce nce  w ith o u t la b e l l in g  when examined in  a f low cy to m e te r.
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In  o rde r to  o b ta in  fluo resce nce  above t h is  normal background the  median 

fluo resce nces  o f  th e  la b e lle d  c e l ls  have had the  median fluo resce nce  o f  an 

u n la b e lle d  HUVEC suspension s u b tra c te d  from them. As an example the  data 

used to  p lo t  F ig 4.1 is  shown in  Table 4 .1 , (page 117), w ith  an no ta tion s  to  

e x p la in  the  steps in vo lve d  in  c a lc u la t in g  the  median flu o re sce n ce .

4 .3 .1 .1  E f fe c ts  o f  IWF-gamma on e n d o th e lia l c e l l  s u rfa ce  an tige n  

exp ress ion

The re s u lts  o f th e  f lo w  c y to m e tr ic  analyses are shown in  F igs 4.1 to  

4 .6 , w ith  median fluo resce nce  shown on the  y -a x is ,  (pages 118-123).

4 .3 .1 .2  IWF-gamma and exp ress ion  o f  HLA Class I

F igs 4.1 and 4 .2  show HLA Class I  expression  as de tec ted  by two 

separa te  a n tib o d ie s . The W6/32 a n tibo dy  has a lower a f f i n i t y  fo r  the  

C lass I  an tigen  than ABC common, bu t s t i l l  shows the  change in  Class I 

exp ress ion . T h is  dem onstrates th a t  low a f f i n i t y  a n tib o d ie s  are capable o f 

d e te c tin g  changes in  c e l l  su rface  an tigen  expression and a llow ed the  use o f 

th e  o th e r a n tib o d ie s  in  these experim ents w ith o u t ex te n s ive  a f f i n i t y  

s tu d ie s . High i n i t i a l  median fluo resce nce  demonstrated th a t  expression o f 

HLA Class I was c o n s t i tu t iv e  in  c u ltu re d  e n d o th e lia l c e l ls .  HLA Class I  

exp ress ion was up re g u la te d  by IN F -g , t h is  up re g u la t io n  was co n c e n tra tio n  

dependent w ith  maximal s t im u la t io n  seen a t 72 hours. The minimum 

co n c e n tra tio n  re q u ire d  fo r  s t im u la t io n  was <10 U/m l, w ith  maximal 

s t im u la t io n  seen w ith  500 U/m l.

4 .3 .1 .3  IMF-gamma and exp ress ion  o f  HLA Class I I

HLA Class I I  exp ress ion  is  shown in  F igs 4 .3  and 4 .4 . U nstim u la ted 

HUVEC’ s showed no HLA C lass I I  DR o r DQ exp ress ion . HLA Class I I  

expression was ra p id ly  increased a f te r  INF-g s t im u la t io n ,  in  a

112



co n c e n tra tio n  dependent manner. Maximum expression occurred between 24 and 

72 hours post s t im u la t io n .  The minimum c o n c e n tra tio n  re q u ire d  fo r  

s t im u la t io n  was 50 U/ml w ith  maximal s t im u la t io n  seen w ith  1000 U/m l. The 

C lass I I  DQ exp ress ion was not s t im u la te d  by by IN F -g . HLA Class I I  

exp ress ion  reduced w ith  in c re a s in g  tim e in  c u ltu re  in  un s tim u la ted  c e l ls .

4 .3 .1 .4  INF-gamma and exp ress ion  o f  Adhesion m olecules

F ig 4 .5  shows exp ress ion o f ICAM-1. ICAM-1 was c o n s t i t u t iv e ly  

expressed by c u ltu re d  HUVEC and is  increased by INF-g s t im u la t io n  in  a 

c o n c e n tra tio n  dependent manner. Maximum expression occurs between 48 and 

72 hours post s t im u la t io n .  The minimum c o n c e n tra tio n  re q u ire d  fo r  

s t im u la t io n  was <10 U/ml w ith  maximal s t im u la t io n  was seen a t 1000 U/m l.

F ig 4 .6  shows expression o f  PECAM and E -S e le c tin . PECAM and 

E -S e le c tin  were expressed c o n s t i t u t iv e ly  by HUVEC c e l ls ,  however PECAM is  

expressed a t a h igh e r le v e l then E -S e le c tin . N e ith e r PECAM o r E -S e le c tin  

were up reg u la ted  by INF-g s t im u la t io n .

4 .3 .2  E ffe c ts  o f  IL -1  beta on e n d o th e lia l c e l l  su rfa c e  an tige n  exp ress ion  

The re s u lts  o f these experim ents are shown in  F igs 4 .7 -4 .1 2 , (pages 

124-127)

4 .3 .2 .1  IL -1  b e ta  and exp ress ion  o f  HLA Class I .

F ig 4 .7  shows the  exp ress ion  o f  HLA Class I  s tim u la te d  w ith  5 U/ml 

I L - lb ,  as de tected  by the  ABC common an tibo dy . HLA Class I  was 

c o n s t i t u t iv e ly  expressed but th e re  was no e f fe c t  o f  I L - lb  on expression  o f  

HLA Class I  over tim e .

4 .3 .2 .2  IL -1  be ta  and exp ress ion  o f  HLA C lass I I .

F ig  4 .8  shows the  exp ress ion  o f  HLA Class I I  s tim u la te d  by 5 U/ml
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I L - lb ,  as de tected  by the  an ti-H LA  C lass I I  DR a n tib o d y . There was no 

e f fe c t  o f  IL -1 b  on e n d o th e lia l exp ress ion  o f HLA Class I I  DR o r DQ over 

tim e .

4 .3 .2 .3  IL -1  be ta and exp ress ion  o f  adhesion m olecu les.

F ig . 4 .9  shows exp ress ion o f  ICAM-1 on e n d o th e lia l c e l ls  s tim u la te d  

w ith  5 U/ml IL -1 b . There was no e f fe c t  o f I L - lb  on the  c o n s t i tu t iv e  

exp ress ion o f  ICAM-1.

F ig . 4.10 shows th e  exp ress ion o f  PECAM on e n d o th e lia l c e l ls

s tim u la te d  by 5 U/ml I L - lb  . There was no e f fe c t  o f  I L - lb  on the

c o n s t i tu t iv e  exp ress ion o f  PECAM.

F ig 4.11 shows the  exp ress ion o f  E -S e le c tin  on e n d o th e lia l c e l ls  

s tim u la te d  w ith  IL -1 b  a t d i f f e r e n t  c o n c e n tra tio n s . I L - lb  s t im u la te s  the  

expression o f  E -S e le c tin  in  a dose dependent manner over tim e . These 

re s u lts  suggested th a t  the  E -S e le c tin  expression was sub-maximal a t 4 hours 

p o s t-s t im u la t io n  and a fu r th e r  experim ent using 5 U/ml I L - lb  over a tim e 

course o f  24 hours was c a r r ie d  o u t. The re s u lts  o f  t h is  experim ent are 

shown in  F ig 4 .12 , E -S e le c tin  exp ress ion  appears to  reach a peak between 4 

and 8 hours post s t im u la t io n ,  bu t had re tu rned  to  a lm ost un s tim u la ted  

le v e ls  by 24 hours p o s t -s t im u la t io n .

4 .3 .3  E f fe c t  o f  C yc lospo rin  A on e n d o th e lia l s u rfa ce  an tige n  exp ress ion .

F igs 4.13 and 4 .14 , (page 128), show the  e f fe c ts  o f  both CyA

trea tm en ts  on e n d o th e lia l c e l l  C lass I exp ress ion . As can be seen CyA had

no e f fe c ts  on HLA C lass I  exp ress ion  a t c o n c e n tra tio n s  0.01 to  1.0 mg/ml,

however c y to to x ic  e f fe c ts  are seen a t  10 mg/ml and above reducing the  

median fluo resce nce  to  0.

F igs 4.15 and 4 .16 , (page 129), show the  e f fe c ts  o f both CyA 

trea tm e n ts  on e n d o th e lia l c e l l  E -S e le c tin  exp ress ion . C oncen tra tions  o f
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CyA o f 10 mg/ml and above were seen to  be c y to to x ic  in  th a t  th e re  was 

com plete detachment o f  the  HUVEC m olayer from the  c e l l  c u ltu re  p la te  as 

viewed under phase c o n tra s t m icroscopy. There appeared to  be no e f fe c t  o f 

lower c o n c e n tra tio n s  o f  CyA on E -S e le c tin  expression  except fo r  a s m a ll, 

n o n -s ig n if ic a n t ,  decrease in  exp ress ion  a t a co n c e n tra tio n  o f 1.0 mg/ml.

4 .3 .4  E ffe c ts  o f  M e thy lp re dn iso lone  on e n d o th e lia l c e l l  s u rfa ce  an tige n  

exp ress ion .

F igs 4.17 and 4 .18 , (page 130), show the  e f fe c ts  o f  both 

M ethy lp redn iso lone  (MPred) trea tm e n ts  on e n d o th e lia l c e l l  C lass I 

exp ress ion . As can be seen MPred had no e f fe c ts  on HLA Class I  exp ress ion 

a t co n ce n tra tio n s  o f  0.25 mg/ml and 2 .5  m g/m l, however MPred is  seen to  be 

c y to to x ic  a t 25 mg/ml reduc ing th e  median fluo resce nce  to  0.

F igs 4.19 and 4 .20 , (page 131), show the  e f fe c ts  o f  both MPred 

trea tm en ts  on e n d o th e lia l c e l l  E -S e le c tin  exp ress ion . A c o n c e n tra tio n  o f 

25 mg/ml MPred o f was c y to to x ic  s im i la r  to  th a t  o f  h igh c o n c e n tra tio n s  o f

C yc lo sp o rin , and th e re  was no e f fe c t  o f lower co n c e n tra tio n s  o f MPred on

E -S e le c tin  exp ress ion .

4 .4  Conclusions

1. HLA Class I ,  C lass I I  DR and ICAM-1 expression  were up reg u la te d  a t 

the  HUVEC su rface  by INF-g in  t h is  in v i t r o  model.

2. The optimum c o n c e n tra tio n  o f INF-g to  produce t h is  maximal expression

was s im i la r  fo r  these m olecu les, between 500 and 1000 U/m l, as was the  

tim e course over which t h is  increased expression occu rred , between 48 

and 72 hours.

3. Only E -S e le c tin  exp ress ion  was up reg u la ted  a t the  HUVEC su rface  by 

I L - lb  in  t h is  in  v i t r o  model.

4. The optimum c o n c e n tra tio n  o f IL -1 b  was 5 U/ml w ith  maximal expression
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a t 4 to  8 hours p o s t-s t im u la t io n .

5. The immunosuppressive agents te s te d , C yc lospo rin  A and

M e th y lp re d n iso l one, d id  not a f fe c t  the  I L - lb  s tim u la te d  expression o f 

E -S e le c tin . However i t  should be emphasised th a t  these experim ents 

us ing C yc lospo rin  and M e th y lp re d n iso l one were ra th e r  ba s ic  in  t h e i r  

design and o n ly  g ive  a l im ite d  in s ig h t  in to  the  e f fe c ts  o f  these 

agents on adhesion m olecule exp ress ion by HUVECS. S ince the  

c o n c e n tra tio n s  o f  drug used were on ly  ju s t  s u b - le th a l to  the  HUVECS i t  

may be th a t  c e l l  fu n c tio n  was im pa ired , l im i t in g  no rm a lly  expected 

c e l l  responses. F u rthu r s tu d ie s  are in d ic a te d  us ing lower drug 

c o n c e n tra tio n s  and m o n ito rin g  o th e r c e l l  fu n c tio n s  to  ensure normal 

responses be fo re  i t  can be c o n f id e n t ly  asse rted  th a t  HUVEC c e l l  

adhesion m olecule exp ress ion  is  not e ffe c te d  by immunosuppressive 

agents.
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Fig 4.1 Interferon stimulated endothelial cell expression
of HLA Class I (W6/32).
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Fig 4.2 Interferon stimulated endothelial cell expression
of HLA Class I (ABC Common).
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Fig 4.3 Interferon stimulated endothelial cell expression
of HLA Class II DR.
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Fig 4.4 Interferon stimulated expression
of HLA Class II DQ.

Median
Fluorescence

900

800

700  -

600 -

500 -

400  -

300

200

100

— r -
20

I

4 0
— t ~
6 0

Interferon
(U/ml)

- o   10,000

 ------ 5 ,000

  1,000

  500

— r ~
8 0

— I
1 00

100

-o   50

   10

Incubation time (hours)

121



Fig 4.5 Interferon stimulated endothelial cell 
expression of ICAM-1
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Fig 4.6 Interferon stimulated endothelial cell expression of 
adhesion molecules E-Selectin and PECAM.
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Fig 4.7 IL-1 Stimulated Expression of HLA class 1 (ABC Common)
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Fig 4.8 IL-1 stimulated expression of HLA class II (HLA-DR). 
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Fig 4.9 IL-1 stimulated expression of ICAM-1
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Fig 4 . 1 0  I L -1  stimulated expression of PECAM
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Fig 4.11 Effect of increasing IL-1 P concentration on 
endothelial cell expression of E-Selectin.
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Fig 4.12 IL-1 stimulated endothelial expression of E-Selectin.
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Fig 4.1 3 IL-1 pstimulated expression of HLA Class 1
after 48 hour preincubation with Gy A.
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Fig 4 .14  IL-1 p Stimulated expression of HLA Class 1 
after 4 hours incubation with Cy A
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Fig 4.15 IL-1 p stimulated expression of E-Selectin after
48 hour pre-incubation with cyclosporin A.
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Fig 4.16 IL-1 p stimulated expression of E-Selectin after 
4 hours incubation with cyclosporin A.
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Fig 4.17 Effect of Metfiylprednisoione on IL-1 stimulated 
Endothelial expression of HLA Class 1
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Fig 4.18 IL-1 stimulated expression of E-Selectin after
4 hours pre-incubation with methylprednisolone.
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Fig 4.19 IL-1 stimulated expression of HLA Class 1 after
24 flours pre-incubation witfi metfiylprednisoione.
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Fig 4.20 IL-1 stimulated expression of E-Selectin after
24 flours pre-incubation witfi metfiylprednisoione.
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CHAPTER FIVE 

In  v i t r o  s tu d ie s  o f  c e l lu la r  adhesion

5.1 Introduction

We e s ta b lis h e d  in  the  p re v io us  chap te r th a t  the  in  v i t r o  expression 

o f e n d o th e lia l c e l l  adhesion m olecules can be in flu e n c e d  by s t im u la t io n  by 

in flam m ato ry  c y to k in e s . However, increased expression o f  adhesion 

m olecules does not g ive  in fo rm a tio n  as to  the  fu n c tio n a l na tu re  o f  these 

m olecules o r about the  adhesive p o te n t ia l o f  the  e n d o th e lia l c e l l  under i n  

v ivo  c o n d itio n s .

The aim o f these s tu d ie s  was to  in v e s t ig a te  the  e f fe c ts  o f a l te r in g  

the  e n d o th e lia l c e l l  adhesive p o te n t ia l under c y to k in e  s t im u la t io n  by us ing 

the  measurement o f  n e u tro p h il adherence to  s tim u la te d  and un s tim u la ted  

e n d o th e lia l c e l ls .  The fu n c tio n a l assay o f  n e u tro p h il adherence is  a 

complex s u b je c t and fo r  t h is  reason two d i f f e r e n t  adhesion assay methods 

were used. The methods were s tan da rd ised  and assessed as to  t h e ir  

s e n s i t iv i t y  and a b i l i t y  to  g ive  a q u a n t i ta t iv e  measure o f n e u tro p h il 

adherence. They were a c o lo r im e tr ic  assay using Rose Bengal dye and a 

ra d ia t io n  re lease  assay us ing  Chromium 51 (shCr). N e u tro p h ils  were 

separated from  whole b lood using a d e n s ity  c e n tr i fu g a t io n  techn ique  which 

does not achieve as pure a p o p u la tio n  o f  n e u tro p h ils  as o th e r d e n s ity  

g ra d ie n t techn iques , bu t does avo id  the  use o f P e rc o ll o r de x tra n , which 

have been shown to  have an a c t iv a t in g  e f fe c t  on leucocy tes  (E gg le ton e t a l .  

1989).

Using these assays the  adhesion o f n e u tro p h ils ,  taken from normal 

h e a lth y  c o n tro ls ,  to  s tim u la te d  and un s tim u la ted  HUVEC monolayers was 

measured to  e s ta b lis h  a normal range.

132



5 .2 .1  Rose Bengal Dye method f o r  e s tim a tio n  o f  n e u tro p h il adhesion to  

HUVECS.

A s tock  s o lu t io n  o f Rose Bengal powder (Acid  red 94: 

4 ,5 ,6 ,7 , - T e t r a c h lo r o - 2 ',4 ' ,5 ', 7 '- t e t r a io d o f lu o r e s c e in .  Sigma Chemicals Ltd 

UK) was made up to  a 0.25% s o lu t io n  o f  Rose Bengal in  Phosphate B u ffe red  

S a lin e  (0.25g Rose Bengal in  100 ml PBS).

E n d o th e lia l c e l l  s ta in in g  was achieved using the  method o f Gamble JR 

and Vadas MA (Gamble and Vadas 1988). HUVECs were p la te d  in  96 w e ll p la te s  

(Nunc, 6IBC0, P a is le y , S co tland , UK.) a t a c o n c e n tra tio n  o f 10^ c e l ls /w e l l  

in  200 ml o f ECM and a llow ed to  adhere to  the  p la te  by in c u b a tio n  a t 37°C 

in  5% COg fo r  24 hours. Adhesion was confirm ed by exam ination us ing phase 

c o n tra s t m icroscopy and w e lls  were u s u a lly  found to  be c o n flu e n t o r a lm ost 

c o n flu e n t p r io r  to  use. Before assay the  e n d o th e lia l c e l ls  were washed 

once using E n d o th e lia l C e ll Medium (ECM) t h is  medium was rep laced w ith  

e i th e r  fre s h  ECM alone o r Fresh ECM p lus  In te r le u k in -1 b  added a t v a ry in g  

f in a l  c o n c e n tra tio n s . E n d o th e lia l c e l ls  were then incubated f o r  4 hours a t 

37°C in  95% a ir/5 %  COg atmosphere, a f te r  which tim e E -S e le c tin  expression  

was maximal (See Chapter 4 ) .

N e u tro p h ils  (PMN) were separated by D ens ity  C e n tr ifu g a t io n  (Methods 

3 .1 1 ) . A f te r  4 hours in c u b a tio n  e n d o th e lia l c e l ls  were washed once and 

then incubated w ith  n e u tro p h ils  o f  known c o n c e n tra tio n  f o r  30 min a t 37°C 

in  a volume o f 200 m l .  A f te r  t h is  tim e  the  non-adherent PMNs were removed 

by a g ita t io n  and the  w e lls  were washed tw ic e . A l l  media was then removed 

by a s p ira t io n  and 100 ml o f Rose Bengal s tock  s o lu t io n  was added and l e f t  

to  stand fo r  5 m inutes. The dye s o lu t io n  was then a s p ira te d  from each w e ll 

and then each w e ll was washed tw ic e . The rem aining e n d o th e lia l c e l ls  and 

adherent PMNs were lysed to  re lease  the  dye using 200 ml o f  ethanol+PBS 

s o lu t io n  (1:1 mix ) .  A f te r  30 m inutes c e l ls  were judged to  be f u l l y  lysed  

by exam ination under a phase c o n tra s t microscope to  c o n firm  th a t  no in ta c t
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c e l ls  were p re se n t. The o p t ic a l d e n s ity  o f the  w e ll was then determ ined 

us ing a ELISA p la te  reader (Labsystems Group, Basingstoke UK) a t a 

wavelength o f 540 nm.

P la te  5.1 shows the  HUVEC monolayer p r io r  to  a d d it io n  o f PMNs and 

p la te  5.2  shows the  HUVEC monolayer a f te r  a d d itio n  o f  PMNs dem onstra ting  an 

even coverage o f c e l ls ,  (p136).

5 .2 .2  Rose Bengal Dye Adhesion Assay R esu lts

F ig  5 .1 , (p138), shows th e  absorbance o f a 0.25% w/v s o lu t io n  o f Rose 

Bengal in  PBS, as measured on a P h i l l ip s  PU8065 Spectrophotom eter a t 

d i f f e r e n t  w avelengths. T h is  showed th a t  the  maximum absorbance o f a Rose 

Bengal s o lu t io n  was 555 nm and a l l  subsequent experim ents used the  p la te  

reader se t to  540 nm which was the  c lo s e s t a v a ila b le  f i l t e r .  T h is  d i f f e r s  

from the  method o f  Gamble and Vadas, which used a 590 nm f i l t e r .

F ig 5 .2 , (p138), shows the  e f fe c t  o f  a l te r in g  PMN c o n c e n tra tio n  on 

adhesion to  HUVEC monolayers, showing mean O p tica l D ens ity  ± Standard E rro r 

(n=12). I t  shows th a t  PMN b in d in g  to  un a c tiva te d  HUVEC monolayers is  

independent o f  the  co n c e n tra tio n  o f  PMNs used in  the  assay. However, when 

I L - lb  a c tiv a te d  HUVEC monolayers were used the  adhesion increased in  

p ro p o r tio n  to  the  co n c e n tra tio n  o f  PMNs used.

F ig  5 .3 , (p139), shows the  e f fe c t  o f  d i f f e r e n t  washing media on the  

adhesion o f a c t iv a te d  HUVEC monolayers to  96 -w e ll t is s u e  c u ltu re  p la te s . 

T h is  showed th a t  the  washing media re q u ire d  a t le a s t 10% FCS to  be presen t 

to  preven t excessive  lo ss  o f the  HUVEC monolayer a f te r  repeated washings. 

On the  bas is  o f  these re s u lts  HBSS+20% FCS was used fo r  washing in  a l l  

fu r th e r  experim ents.

F ig 5 .4  (p139), shows the  e f fe c t  o f  in c re a s in g  I L - lb  c o n c e n tra tio n  on 

the  adhesion o f  PMNs to  HUVEC monolayers as mean O p tic a l D e n s it ie s , the  OD 

ob ta ined  us ing no I L - lb  and no PMNs is  shown as a separa te  bar fo r  ease o f
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p lo t t in g .  The graph shows the  PMN adhesion increases w ith  in c re a s in g  I L - lb  

c o n c e n tra tio n . However, a t  low co n c e n tra tio n  o f  I L - lb  th e  OD ob ta ined  was 

lower than the  OD o f th e  HUVEC monolayer a lone. The reason fo r  t h is  may be 

th a t  a t low IL -1 b  c o n c e n tra tio n s  PMN adhesion to  the  HUVEC monolayer is  a 

weak t ra n s ie n t  phenomenon, causing th e  PMNs to  detach a f te r  washing. The 

u n d e rly in g  HUVEC monolayer may have had reduced exposure to  Rose Bengal 

because o f the  o v e r ly in g  PMNs and consequently is  unable to  take up a 

maximal amount o f  dye. However, when the  PMNs are not added the  HUVEC 

monolayer is  ab le  to  take  up i t s  maximum c a p a c ity  f o r  th e  dye and th e re fo re  

the  OD o f  the  monolayer a lone may be h igh e r than th a t  o f  the  monolayer 

tre a te d  w ith  low dose I L - lb  and PMNs.

P la te  5 .3 , (p137), shows HUVECs a f te r  the  washing phase dem onstra ting  

lo ss  o f c e l ls  from the  monolayer. P la te  5 .4 , (p137), shows the  same c e l ls  

as P la te  5 .3  under h igh power dem onstra ting  th a t  the  adherent c e l ls  show 

PMN morphology and th a t  th e re  has been detatchm ent o f c e l ls  from th e  HUVEC 

monolayer.

5 .2 .3  Rose Bengal Adhesion Assay C onc lus ions.

T h is  assay does not g ive  r is e  to  a percentage f ig u r e  o f  PMNs bound to  

th e  e n d o th e lia l c e l ls  because the  non-adherent c e l ls  compete w ith  the  

e n d o th e lia l c e l ls  fo r  uptake o f  the  dye. When these non-adherent c e l ls  are 

removed w ith  the  wash, dye which would have no rm a lly  been taken up by the  

e n d o th e lia l c e l ls  is  lo s t  le a d in g  to  a downward d r i f t  o f  th e  b a se lin e  OD 

the  lower the  PMN adherence is .  T h is  p a r t i t io n  o f dye between the  PMN and 

th e  e n d o th e lia l c e l ls  leads to  th e  OD being a q u a l i t a t iv e  and not 

q u a n t i ta t iv e  measure o f adherence, which makes t h is  assay l im ite d  in  i t s  

use fu lness and fo r  t h is  reason i t  was not used fu r th e r .
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Plate 5.1 HUVECs stained with Rose Bengal dye prior to addition of PMNs
(magnification x100).

Plate 5.2 HUVECs stained with Rose Bengal dye post-addition of PMNs 
(magnification x100).
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Plate 5.3 HUVECs stained with Rose Bengal dye after washing (magnification xl 00).

Plate 5 .4  HUVECs stained with Rose Bengal dye after washing (magnification x400).
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Fig 5.1 Absorbance range of Rose Bengal in PBS 
to determin the maximal absorbace.
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Fig 5.3 Effect of wasfi medium on the adhesion of activated 
HUVEC layers to 96-well tissue culture plates.
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5 .3  Assay o f  n e u tro p h il adhesion to  HUVECs using  ra d io a c t iv e  chromium 

re le a se .

The method used was based on th a t  described by Gamble and Vadas 

(Gamble and Vadas 1988). E s s e n t ia l ly  n e u tro p h ils  were separated from whole 

b lood , ra d io la b e lle d  w ith  s ic r ,  and a llow ed to  adhere to  a la y e r o f  HUVECs. 

T h is la y e r was then washed, and the  rem aining r a d io a c t iv i t y  measured as an 

es tim a te  o f n e u tro p h il adhesion. I t  was f e l t  th a t  t h is  procedure cou ld 

have seve ra l sources o f  in te r  and in tra -a s s a y  v a r ia t io n  and a range o f 

assay c o n d itio n s  were in v e s t ig a te d  to  o b ta in  a procedure w ith  maximum 

re p ro d u c ib i1i t y .

5 .4  Chromium la b e l l in g  o f  n e u tro p h ils .

T h is  method was based on the  method o f G a ll in  JT, e t  a l . (1973). 

N e u tro p h ils  were separa ted from whole b lood by d e n s ity  c e n t r i fu g a t io n ,  and 

a f te r  washing were suspended in  1 ml o f HBSS+0.1% BSA (v/v)/1m M  Ca++.

R a d io la b e lle d  chromium, s^Cr, 50 ml was added as sodium chromate 

(Amersham, UK) and incubated fo r  one hour a t room tem perature  w ith  re g u la r 

g e n tle  a g ita t io n .  At the  end o f the  in cu b a tio n  p e rio d , excess fre e  ^ ic r  

was removed by washing 3 tim es in  HBSS/ 10 % FCS.

N e u tro p h ils  were then resuspended in  ECM and t h e ir  c o n c e n tra tio n  

determ ined by d i r e c t  c e l l  cou n tin g  us ing  a haemocytometer and m icroscope. 

C e lls  were then d i lu te d  to  a known co n c e n tra tio n  in  ECM.

F u rthe r d i lu t io n s  o f c e l ls  were prepared and a l iq u o ts  o f each 

co n c e n tra tio n  p laced in  a sm all p la s t ic  te s t  tube (PT0944, Li P Equipment 

UK) and r a d io a c t iv i t y  measured in  a gamma-counter (LKB, Sweden). The 

c o r re la t io n  between c e l l  c o n c e n tra tio n  and the  number o f  counts per m inute, 

was then c a lc u la te d  (F ig  5 .4 a , p l5 6 ) .  T h is  showed th a t  th e  number o f 

counts per m inute was p ro p o r t io n a l to  the  c o n c e n tra tio n  o f c e l ls  counted, 

dem onstra ting  an even uptake o f  s ig r  in to  the  c e l ls .
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For experim enta l purposes c e l ls  were made up to  f in a l  co n ce n tra tio n s  

o f 2x106/ml and then 0 .5  ml added per experim enta l w e ll (1x106 c e l ls  in  

t o t a l ) .  0 .5  ml o f  c e l ls  were a lso  counted d i r e c t ly  fo r  each n e u tro p h il 

p re p a ra tio n  to  g ive  the  t o ta l  number o f counts added per experim enta l w e ll.  

T h is  was la te r  used to  c a lc u la te  th e  percentage o f  c e l ls  b in d in g  in  the  

c e l l  adhesion assays.

5 .4 .1  E f fe c t  o f  th e  number o f  e n d o th e lia l c e l ls  on PMM b in d in g  to  HUVEC 

m onolayers.

The e f fe c t  o f  a l te r in g  the  c o n c e n tra tio n  o f e n d o th e lia l c e l ls  added 

per w e ll is  shown in  F ig  5 .5  and as a percentage b in d in g  in  F ig  5 .6  (p157). 

D i f fe re n t  c o n c e n tra tio n s  o f  e n d o th e lia l c e l ls  were added to  24 -w e ll p la te s  

as p re v io u s ly  described  (see Methods), f in a l  c e l l  co n c e n tra tio n s  used were 

IxIQ s c e l l / w e l l ,  1x1Q4 c e l l /w e l l  and 1x103 c e l l / w e l l . A f te r  24 hours 

in c u b a tio n  a t 37°C in  95% Og/G^i 00^ atmosphere the  monolayer was washed 

once w ith  1 ml o f  fre s h  ECM. 0 .5  ml o f  PMI\!s p re - la b e l led  w ith  6 ic r were 

added to  each w e ll a t a c o n c e n tra tio n  o f 1x106 PMl\|/well and incubated fo r  

45 m inutes a t 4°C. The w e lls  were then washed w ith  HBSS/20% FCS, and the  

rem aining adherent c e l ls  were then lysed  to  re lease  siC r from the  rem ain ing 

PMNs. The r a d io a c t iv i t y  in  each w e ll was then measured us ing a 

gamma-counter and compared to  the  known to ta l  r a d io a c t iv i t y  con ta ined in  

the  o r ig in a l 0 .5  ml o f PMNs.

At an e n d o th e lia l c e l l  co n c e n tra tio n  o f IxIQ s c e l ls /w e l l  th e re  was a 

s t a t i s t i c a l l y  s ig n i f ic a n t  d if fe re n c e  between the  PMN b in d in g  to  I L - lb  

s tim u la te d  c e l ls  and c o n tro ls  (Mann-Whitney, p<0 .05). There was a lso  a 

s t a t i s t i c a l l y  s ig n i f ic a n t  in c rea se  in  b in d in g  a t an e n d o th e lia l c e l l  

c o n c e n tra tio n  o f IxICM c e l ls /w e l l  (Mann-Whitney, p<0 .05), however t h is  

inc rease  was le ss  than th a t  ob ta in ed  a t a c o n c e n tra tio n  o f  1x106 

c e l ls / w e l l .  A t a co n c e n tra tio n  o f  1x103 e n d o th e lia l c e l ls /w e l l  th e re  was

141



no increase  in  PMN b in d in g  a f te r  IL -1 b  s t im u la t io n ,  1x106 e n d o th e lia l 

c e l ls /w e l l  had a lrea dy  been dem onstrated as be ing necessary to  o b ta in  

con fluence in  a w e ll a f te r  24 hours in c u b a tio n  by l i g h t  m icroscopy. Since 

con fluence  was an e a s ily  measurable e n d -p o in t to  dem onstrate f u l l  

e n d o th e lia l c e l l  adhesion to  the  w e ll,  1x106 e n d o th e lia l c e l ls /w e l l  was 

chosen to  be th e  co n c e n tra tio n  o f  cho ice  in  th is  assay.

5 .4 .2  E f fe c t  o f  I L - lb  c o n c e n tra tio n  on PMN b in d in g  to  HUVEC monolayers

The e f fe c t  o f  a l te r in g  the  c o n c e n tra tio n  o f IL -1 b  on PMN adhesion to  

e n d o th e lia l c e l ls  was measured. E n d o th e lia l c e l l  monolayers and 

ra d io la b e lle d  PMN suspensions were prepared as p re v io u s ly  described 

(S ec tio n  5 .4 .1 ) .  D i lu t io n s  o f I L - lb  were made up from s to ck  s o lu t io n ,  as 

p re v io u s ly  de sc rib ed . E n d o th e lia l c e l ls  were p re -in cu b a te d  w ith  I L - lb  fo r  

4 hours a t 37°C in  95% A ir/5%  COg atmosphere p r io r  to  th e  adhesion assay 

be ing perform ed. C o ncen tra tions  o f  I L - lb  were made up in  ECM to  g ive  the  

f in a l  co n ce n tra tio n s  (U /m l) o f 5 .0 , 0 .5 , 0 .05 , 0.005 and 0. The 

d e te rm in a tio n  o f adhesion was then perform ed as p re v io u s ly  described 

(S ec tio n  5 .4 .1 ) .

The p ro p o r tio n  o f PMN bound to  the  e n d o th e lia l c e l l  monolayers 

increased fo l lo w in g  a lo g a r ith m ic  dose response curve as shown in  F ig 5 .7  

(p158). W ithou t I L - lb  s t im u la t io n  6.9% o f  the  o r ig in a l PMNs added bound to  

the  m onolayer. A t an I L - lb  c o n c e n tra tio n  o f 0.005 U/ml 7.44% o f  c e l ls  

bound, a t 0 .05 U/ml 13.1% o f c e l ls  bound, a t 0 .5  U/ml 12.9% o f c e l ls  bound, 

and a t 5 .0  U/ml 17.6% o f  c e l ls  bound. On the  bas is  o f  these re s u lts  i t  was 

decided to  use an I L - lb  c o n c e n tra tio n  o f 1 U/ml in  fu r th e r  experim ents.
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5 .4 .3  Effect of PMW Concentration on adhesion to HUVEC monolayers

The e f fe c t  o f  a l te r in g  the  co n c e n tra tio n  o f PMNs, on adhesion to  

e n d o th e lia l c e l ls  both u n s tim u la ted  and s tim u la te d  w ith  IL -1 b  was measured. 

E n d o th e lia l c e l l  monolayers and ra d io la b e lle d  PMN suspensions were prepared 

as p re v io u s ly  described  (S ec tio n  5 .4 .1 ) .  D ilu t io n s  o f PMNs were made up 

from a s o lu t io n  o f  known PMN c o n c e n tra tio n  in  fre s h  ECM to  f in a l  working 

c o n c e n tra tio n s  o f 1.8x10®, 0.9x10®, 0.45x10®, 0.225x10®, 0.115x10®,

0.0575x10®, and 0.029x10®. A d i lu t io n  o f I L - lb  was made up from s tock  

s o lu t io n ,  as p re v io u s ly  de sc rib ed , to  g ive  a f in a l  w ork ing co n c e n tra tio n  o f 

lU /m l. E n d o th e lia l c e l ls  were p re -in cu b a te d  w ith  I L - lb  fo r  4 hours a t

37°C in  95% A ir/5%  COg atmosphere p r io r  to  the  adhesion assay being 

perform ed. The d e te rm in a tio n  o f adhesion was then perform ed as p re v io u s ly  

described  (S ec tio n  5 .4 .1 ) .

The e f fe c t  o f  a l te r in g  the  c o n c e n tra tio n  o f PMNs added to  HUVEC 

monolayers is  shown in  F ig 5 .8 , (p159), expressed as a percentage o f  the  

c e l ls  o r ig in a l ly  added to  each w e ll.  The upper l in e  shows the  adhesion o f 

PMNs to  I L - lb  s t im u la te d  c e l ls  and th e  lower l in e  adhesion to  un s tim u la ted  

c e l ls .  The graphs shows th a t  over the  c o n c e n tra tio n  range 0.45x10® to  

1.8x10®, th e re  was no s ig n i f ic a n t  e f fe c t  o f PMN co n c e n tra tio n  on the  

percentage o f  c e l ls  bound to  the  HUVEC monolayer, e i th e r  un s tim u la ted  or 

s t im u la te d . F ig  5 .9  shows the  t o ta l  counts per m inute (cpm) ob ta ined  from  

each PMN d i lu t io n .  T h is  shows a l in e a r  re la t io n s h ip  between PMN number 

added to  the  monolayer and the  cpm ob ta ined  over the  c o n c e n tra tio n  range o f 

PMNs used. T h is  l in e a r  re la t io n s h ip  was tru e  fo r  both s tim u la te d  and 

u n s tim u la ted  HUVEC monolayers. These two graphs show th a t  the  p ro p o rtio n  

o f  PMNs adherent to  a HUVEC monolayer is  independent o f  c e l l  c o n c e n tra tio n  

between 0.45x10® and 1.8x10® PMN/well. On the  ba s is  o f  these re s u lts  i t  

was decided to  use 1.0x10® PMNs per w e ll in  fu tu re  experim ents.
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5 .4 .4  Effect of incubation time and temperature on PMM adhesion to

endothelial ce ll monolayers.

The e f fe c t  o f  a l te r in g  the  tim e  o f in cu b a tio n  o f PMNs and HUVEC 

monolayers was in v e s t ig a te d  along w ith  the  tem perature a t which in c u b a tio n  

was perform ed. E n d o th e lia l c e l l  monolayers and ra d io la b e lle d  PMN 

suspensions (2 x 10®/ml) were prepared as p re v io u s ly  described  (S ec tion  

5 .4 .1 ) .  3 p la te s  o f  e n d o th e lia l c e l ls  were prepared s im u lta n e o u s ly , to

enable the  s tudy o f 3 d i f f e r e n t  tem pera tu res. A d i lu t io n  o f  IL -1 b  was made 

up from s tock  s o lu t io n  to  g ive  a f in a l  working co n c e n tra tio n  o f  1 U /m l. 

E n d o th e lia l c e l ls  were p re -in cu b a te d  w ith  I L - lb  fo r  4 hours a t 37°C in  95% 

A ir/5%  COg atmosphere p r io r  to  th e  adhesion assay be ing perform ed.

The adhesion assay was perform ed a t e i th e r  4°C, 20°C o r 37°C. The 

in c u b a tio n  was perform ed fo r  15 min, 30 min, 45 min and 60 min a t each 

tem pera tu re . A f te r  these tim es the  d e te rm in a tio n  o f  adhesion was performed 

as p re v io u s ly  described  (S ec tio n  5 .4 .1 ) .

F igs 5.10 and 5.11 show the  adhesion o f ra d io la b e lle d  PMNs to  HUVEC 

monolayers a t 4°C, F igs 5.12 and 5.13 the  adhesion a t 20°C and F igs 5.14 

and 5.15 the  adhesion a t 37°C (p160-162). These f ig u re s  express adhesion 

over tim e , expressed as e ith e r  t o t a l  r a d io a c t iv i t y  per w e ll o r percentage 

PMN adhesion re s p e c t iv e ly .  The graphs show an increase  in  adhesion over 

tim e , w ith  adhesion increased by p re - in c u b a tio n  w ith  I L - lb  a t a l l  

tem pera tu res. F ig  5.16 (p163), summarises the  re s u lts  o f t o ta l  

r a d io a c t iv i t y  recovered a t the  v a rio u s  tim es and tem peratures in  one p lo t .  

Adhesion a t 4°C to  un s tim u la ted  HUVECs is  less  than a t 37°C which is  in  

tu rn  le ss  than th a t  a t 20°C, t h is  p a tte rn  is  reproduced fo r  s tim u la te d  

HUVECs. When the  re s u lts  o f  to ta l  r a d io a c t iv i t y  are expressed as a 

percentage PMN b in d in g  in  F ig 5.17 (p164), the  same p a tte rn  o f re s u lts  is  

seen.
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Fig 5.18 (p165), shows th e  d if fe re n c e  in  b in d in g  o f PMNs to  

s tim u la te d  HUVECs when compared to  un s tim u la ted  HUVECs, a t each tim e  and 

tem pera tu re . These re s u lts  are  expressed as the  percentage o f PMNs 

b in d in g  to  the  s tim u la te d  HUVEC monolayer minus the  percentage o f  PMNs 

b in d in g  to  the  u n s tim u la ted  HUVEC m onolayer. The g re a te s t d if fe re n c e  in  

adhesion is  seen a t 4°C when incuba ted  fo r  45 m inutes, and t h is  in c u b a tio n  

tim e and tem pera ture  was used f o r  a l l  subsequent experim ents.

5 .4 .5  E f fe c t  o f  washing on PMN adhesion to  e n d o th e lia l c e l l  m onolayers.

There were a number o f  v a r ia b le s  th a t  needed to  be considered in  the  

s ta n d a rd is a tio n  o f the  washing techn ique  used in  the  adhesion assay, 

in c lu d in g  the  e x te n t o f  PMN adhesion to  the  c u ltu re  w e lls  w ith o u t HUVECs, 

th e  degree o f detachment o f the  HUVEC monolayer a f te r  repeated washings, 

the  q u a n tity  o f  detachment o f  adherent PMNs a f te r  washing and the  p o s s ib le  

e f fe c ts  o f p re -c o a tin g  w e lls  to  improve HUVEC adhesion. The aim o f  these 

experim ents was to  determ ine whether in c re a s in g  the  number o f washes would 

remove on ly  non-adherent PMN and the  number o f  washes re q u ire d  to  ach ieve 

t h is ,  o r whether increased washes would a lso  remove p re v io u s ly  adherent PMN 

and, o r the  HUVEC monolayer i t s e l f .

5 .4 .5 .1  E f fe c t  o f  washing on th e  adhesion o f  PMNs to  c u ltu re  w e lls  a lone .

T issue c u ltu re  w e lls  are designed to  be adherent su rface s  fo r  

c u ltu re d  c e l ls .  In  t h is  c o n te x t i t  was f e l t  im p o rtan t th a t  the  amount o f 

PMN adhesion to  th e  w e lls ,  independent o f HUVECs, be determ ined and whether 

t h is  adhesion, i f  any, cou ld  be reduced by washing.

PMNs were is o la te d  from whole b lood by d i f f e r e n t ia l  c e n tr i fu g a t io n  

(see Methods) and d i lu te d  to  a f in a l  c o n c e n tra tio n  o f  2 .0  x 10® PMN/ml in
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ECM. 0.5  ml o f t h is  PMN s tock  were then added to  unseeded t is s u e  c u ltu re  

w e lls  and a llow ed to  incuba te  a t 4°C fo r  45 m inutes. A f te r  th a t  tim e the  

w e lls  were washed w ith  HBSS/10% FCS. The procedure fo r  washing was 1 ml o f 

wash s o lu t io n  was added to  the  w e ll,  the  w e ll was then g e n tly  a g ita te d , the  

con ten ts  poured o f f  in to  a d ispo sa l c o n ta in e r c o n ta in in g  5% RBS s u r fa c ta n t 

(Chemical C oncentrates (RBS) London, UK) fo r  la te r  sa fe  d is p o s a l. The w e ll 

was then in v e r te d  and b lo t te d  onto t is s u e  paper to  remove any rem aining 

f lu i d  on the  w e ll r im . In  t h is  experim ent w e lls  were washed e i th e r  1, 2, 3 

o r 4 tim es us ing the  above method. A c o n tro l w e ll w ith  no PMNs added was 

a lso  in co rp o ra te d  in to  the  method to  assess any background r a d io a c t iv i t y  o f 

the  w e ll and ly s in g  s o lu t io n .  A f te r  washing 1 ml o f  ly s in g  f lu id  (1% 

T r ito n -X , Sigma Chem icals, UK) was added to  the  w e ll,  incubated fo r  30 

m inutes a t room tem pera tu re , th e  w e ll was then a g ita te d  and a s p ira te d  

com p le te ly  and th e  f l u i d  t ra n s fe re d  to  a sm all p la s t ic  tube (PT0944) and 

the  r a d io a c t iv i t y  measured using a gamma-counter.

F ig 5.19 (16 6 ), shows th e  t o ta l  r a d io a c t iv i t y  as expressed in  cpm 

ob ta ined  from  6 d u p lic a te  w e lls  e i th e r  w ith o u t PMNs, o r w ith  PMNs a f t e r  1 

to  4 washes. The to ta l  r a d io a c t iv i t y  d e c lin ed  a f te r  each wash, the  

m a jo r ity  o f  adhering  c e l ls  be ing removed a f te r  the  f i r s t  wash. The 

r a d io a c t iv i t y  reached background le v e ls ,  as compared to  the  c o n tro l w e lls ,  

a f te r  4 washes. F ig  5.20 (1 6 6 ), shows the  r a d io a c t iv i t y  ob ta ined  a f te r  

each wash as a percentage o f th e  t o ta l  r a d io a c t iv i t y  added to  the  w e lls  in  

the  o r ig in a l PMN suspension. A f te r  1 wash 14.75% o f  th e  o r ig in a l 

r a d io a c t iv i t y  added remained in  the  w e ll,  dem onstra ting  th a t  PMNs are 

adherent to  t is s u e  c u ltu re  w e lls ,  bu t the  removal o f  a l l  these 

n o n -s p e c if ic a lly  adherent c e l ls  cou ld  be achieved a f t e r  4 washes.

5 .4 .5 .2  E f fe c t  o f  in c re a s in g  washings on PMN adhesion to  u n s tim u la te d  and 

I L - lb  s t im u la te d  HUVEC m onolayers.
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F o llow ing  the  p rev ious  s e c tio n  the  e f fe c t  o f  m u lt ip le  washings on PMN 

adhesion to  u n s tim u la ted  and IL -1 b  s tim u la te d  HUVEC monolayers was 

assessed.

E n d o th e lia l c e l l  monolayers and ra d io la b e lle d  PMN suspensions were 

prepared as p re v io u s ly  described  (S ec tio n  5 .4 .1 ) .  The ra d io la b e lle d  PMNs 

were d i lu te d  to  a w ork ing c o n c e n tra tio n  o f 2.0 x 10® c e l ls /m l.  A d i lu t io n  

o f I L - lb  was made up from s tock  s o lu t io n ,  as p re v io u s ly  de scribed , to  g ive  

a f in a l  working co n c e n tra tio n  o f  lU /m l. E n d o th e lia l c e l ls  were 

p re -incu ba te d  e i th e r  w ith  o r w ith o u t I L - lb  fo r  4 hours a t 37°C in  95% 

A ir/5%  COg atmosphere p r io r  to  the  adhesion assay be ing perform ed. To 

measure both the  in te r - p la te  and in te r -d a y  v a r ia t io n  o f  th e  assay, p a irs  o f 

2 4 -w e ll t is s u e  c u ltu re  p la te s  c o n ta in in g  c o n flu e n t e n d o th e lia l c e l l  

monolayers were assessed on 3 separa te  days. Each p la te  was incubated fo r  

4 hours p r io r  to  the  adhesion assay being perform ed, 12 w e lls  w ith  fre s h  

ECM and the  o th e r 12 w e lls  w ith  fre s h  ECM c o n ta in in g  I L - lb .  The w e lls  

were then washed once w ith  fre s h  ECM and 0.5  ml o f fre s h  ECM c o n ta in in g  2.0  

X 10® ra d io la b e lle d  PMN/ml was added to  each w e ll.  The p la te s  were then 

incubated a t 4“ C fo r  45 m inutes to  a llo w  PMN adhesion. The w e lls  were then 

washed e ith e r  1, 2, 3, o r 4 tim es fo l lo w in g  the  same procedure as th a t  in  

S ec tion  5 .4 .5 .1 .  The d e te rm in a tio n  o f  adhesion was then perform ed as 

p re v io u s ly  described  (S ec tio n  5 .4 .1 ) .

F ig  5.21 (16 7 ), shows th e  t o t a l  r a d io a c t iv i t y  recovered from 

un s tim u la ted  HUVEC monolayers a f t e r  successive washings. The r a d io a c t iv i t y  

from  each p a ir  o f  p la te s  is  represented by us ing d i f f e r e n t  symbols as 

d e ta ile d  in  the  F igu re  legend. O ve ra ll r a d io a c t iv i t y  was removed w ith  

each successive wash, the  t o ta l  r a d io a c t iv i t y  recovered showed some 

in t r a - p la te  v a r ia t io n ,  w ith  an average c o e f f ic ie n t  o f  va rian ce  o f  17.0% 

a f te r  3 washes (see Table 5 .1 , p177). In te r - p la te  v a r ia b i l i t y  was a lso  

seen w ith  an average c o e f f ic ie n t  o f  va rian ce  o f 14.9% a f te r  3 washes (see
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Table 5 .1 ) .  V a r ia t io n  o f r a d io a c t iv i t y  between days was re la te d  to  the  

d i f f e r e n t  amount o f r a d io la b e ll in g  o f  PMNs on d i f f e r e n t  days, and th e re fo re  

th e  ab so lu te  r a d io a c t iv i t y  cannot be d i r e c t ly  re la te d  between days. 

T here fo re  to  compare re s u lts  from  d i f f e r e n t  days PMN adhesion to  HUVEC 

monolayers was expressed as a percentage o f the  t o ta l  PMNs added per w e ll,  

w ith  re fe re nce  to  the  t o ta l  r a d io a c t iv i t y  added per w e ll and t h is  is  shown 

in  F ig  5.22 (p167).

F ig  5.23 (168 ), shows the  t o ta l  r a d io a c t iv i t y  recovered from I L - lb  

s tim u la te d  HUVEC monolayers a f t e r  successive washings. The r a d io a c t iv i t y  

from  each p a ir  o f p la te s  is  represented by us ing d i f f e r e n t  symbols as 

d e ta ile d  in  the  F igu re  legend. The t o ta l  r a d io a c t iv i t y  recovered showed 

some in t r a - p la te  v a r ia t io n ,  w ith  an average c o e f f ic ie n t  o f va rian ce  o f 

13.1% a f te r  3 washes (see Table 5 .1 , p177). In te r - p la te  v a r i a b i l i t y  was 

a lso  seen w ith  an average c o e f f ic ie n t  o f va rian ce  o f 16.1% a f te r  3 washes 

(see Table 5 .1 ) .  O ve ra ll r a d io a c t iv i t y  appeared to  m a in ta in  a steady le v e l 

over th e  f i r s t  3 washes, on ly  f a l l i n g  s ig n i f ic a n t ly  a f te r  4 washes. T h is  

sharp f a l l  was in v e s t ig a te d  fu r th e r  by exam ination w ith  in v e rte d  phase 

c o n tra s t m icroscopy o f HUVEC monolayers a f te r  each wash. I t  was found th a t  

up to  3 washes the  monolayer remained in ta c t ,  but th a t  a f te r  4 washes the  

monolayer was in c lin e d  to  detach from  the  t is s u e  c u ltu re  p la te ,  thus 

in tro d u c in g  a la rg e  e r ro r .  F ig  5 .24 (p168), shows th a t  in  percentage terms 

the  adhesion o f PMNs to  HUVEC monolayers is  s ig n i f ic a n t ly  increased a f te r  

p re -s t im u la t io n  o f  the  monolayers w ith  I L - lb  over c o n tro l va lue s . T h is  

increased adhesion remained con s tan t over 3 washes, o n ly  d e c lin in g  a f te r  

the  fo u r th  wash. F ig  5.25 (p169), shows the  combined re s u lts  from F igs 

5.22 and 5.24 to  enable a d i r e c t  comparison between the  percentage adhesion 

o f  PMNs to  s t im u la te d  and un s tim u la te d  HUVEC monolayers em phasising the  

d if fe re n c e  in  PMN adhesion to  s tim u la te d  and un s tim u la ted  HUVEC monolayers.

P la te  5 .5  shows the  HUVEC monolayer a f te r  a d d it io n  o f  ®^Cr la b e lle d
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PMNs dem onstra ting  even coverage o f  th e  m onolayer. P la te  5 .6  shows the  

same HUVEC monolayer a f te r  3 washes dem onstra ting  th a t  w h ils t  PMNs have 

been removed the  HUVEC monolayer remains in ta c t  w ith  and even coverage o f 

rem aining PMNs (p155).

5 .4 .5 .3  E f fe c t  o f  in c re a s in g  washings on PMN adhesion to  un s tim u la te d  and 

I L - lb  s t im u la te d  HUVEC monolayers in  g e la t in  coated w e lls .

F o llow ing  the  p rev ious  experim ent showing HUVEC detachment from the  

t is s u e  c u ltu re  w e ll su rface  a f te r  repeated washings a method o f  s ta b i l is in g  

th e  HUVEC monolayer was sought. T issue  c u ltu re  w e lls  were coated w ith  0.25 

ml o f  warm, s t e r i l e  0.2% g e la t in  s o lu t io n  (Sigma Chemicals L td , UK), which 

was s u f f ic ie n t  to  ju s t  cover the  w e ll bottom , and th e  g e la t in  a llow ed to  

se t fo r  24 hours a t 4°C. The w e lls  were then seeded w ith  HUVECs as 

p re v io u s ly  described  and the  PMN adhesion assay perform ed as in  s e c tio n  

5 .4 .5 .2 .

F ig 5.26 (p170), shows th e  e f fe c t  o f  washing on PMN adhesion to  

un s tim u la ted  HUVEC monolayers in  g e la t in  coated w e lls  and F ig 5.27 (p170), 

shows the  same data expressed as a percentage o f PMN adhesion. Exam ination 

o f the  w e lls  under phase c o n tra s t m icroscopy a f te r  each wash showed m inimal 

detachment o f  the  monolayer even a f te r  4 washes and t h is  is  supported by 

th e  marked decrease in  in t r a - p la te  v a r ia t io n  seen in  F ig  5 .26 , w ith  an 

average c o e f f ic ie n t  o f  va rian ce  8.26% a f te r  3 washes (see Table 5 .2 , p178). 

The average in te r p la te  c o e f f ic ie n t  o f v a r ia t io n  was 0.4% a f te r  3 washes 

(see Table 5 .2 ) .

F ig  5.28 (p171), shows th e  e f fe c t  o f  washing on PMN adhesion to  I L - lb  

s tim u la te d  HUVEC monolayers in  g e la t in  coated w e lls  and F ig 5.29 ( p i71), 

shows the  same data expressed as a percentage o f PMN adhesion. In  

agreement w ith  the  re s u lts  fo r  un s tim u la ted  HUVEC monolayers the  I L - lb
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s tim u la te d  HUVECs showed m inim al detachment from  the  w e ll su rface  a f te r  4 

washes. The sharp f a l l  in  measured PMN adhesion seen a f te r  4 washes on 

uncoated t is s u e  c u ltu re  w e lls  was not seen in  the  g e la t in  coated w e lls  

sup p o rtin g  the  hypo thes is  th a t  HUVEC detachment was th e  reason fo r  t h is  

f a l l .  The average c o e f f ic ie n t  o f v a r ia t io n  fo r  in t r a - p la te  v a r ia t io n  was 

19.3% a f te r  3 washes (see Table 5 .2 , p178). The average in te r p la te  

c o e f f ic ie n t  o f  v a r ia t io n  was 30.1% a f te r  3 washes (see Table 5 .2 ) .

5 .4 .5 .4  E f fe c t  o f  th e  type  o f  ly s in g  f l u i d  used on th e  measured PMN 

adhesion to  HUVEC m onolayers.

Incom ple te ly s is  o f th e  HUVEC monolayer and adherent PMNs would lead 

to  la rg e  e r ro rs  between w e lls  on a p la te  and to  in v e s t ig a te  t h is  e f fe c t  

d i f f e r e n t  ly s in g  f lu id s  were used. The adhesion assay was performed on 

s tim u la te d  and u n s tim u la ted  HUVEC monolayers as p re v io u s ly  described 

(S ec tio n  5 .4 .1 ) .  A f te r  adhesion o f  PMNs to  the  HUVEC monolayer ly s is  v/as 

perform ed using 1 ml per w e ll o f  NaOH 2.0 M, NaOH 4.0  M, HCl 2 .0  M o r NOP-4 

f o r  30 m inutes. The w e ll con ten ts  were a s p ira te d  and placed in  a tube fo r  

gamma-counting, th e  w e ll was then washed once w ith  a fu r th e r  1 ml o f ly s in g  

6 f lu id  which was a lso  added to  th e  same tube .

F ig 5.30 (p172), shows th e  e f fe c t  o f  the  d i f f e r e n t  ly s is  s o lu t io n  on 

measured PMN adhesion to  s t im u la te d  and un s tim u la ted  HUVEC monolayers 

expressed as a percentage o f bound PMN. There was no s ig n i f ic a n t  

d if fe re n c e  seen between any o f  the  ly s is  f lu id s  used and on the  bas is  o f 

i t s  lower t o x ic i t y  and c o rro s ive n e ss , NOP-4 was used fo r  a l l  fu r th e r  

experim ents.

5 .5  E f fe c t  o f  P re -s t im u la t io n  o f  PMN w ith  P h o rb o lrn ys tira te  a ce ta te

To in v e s t ig a te  the  maximum adhesive p o te n t ia l o f  PMNs in  t h is  assay
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system, p h o rb o lrn y s tira te  a ce ta te  (PMA) was used to  p re -s t im u la te  PMN 

suspensions be fo re  a d d it io n  to  e i th e r  IL -1 b  s tim u la te d  o r un s tim u la ted  

HUVEC m onolayers. PMA is  a n o n -s p e c if ic  m itogen which is  an ex trem ly  

po te n t a c t iv a to r  o f  the  P ro te in  Kinase C (PKC) pathway. Amongst o th e r 

e f fe c ts  t h is  causes the  opening o f  Calcium channels in to  the  c e l l  and 

increases the  oxygen consumption o f the  c e l l .  S t im u la tio n  o f  PKC by PMA 

leads to  the  a c t iv a t io n  o f many d i f f e r e n t  c e l l  typ e s . PMA (Sigma Chem icals, 

UK.) was made up from  a s tock  s o lu t io n  to  f in a l  co n c e n tra tio n s  o f 10 ng/ml 

and 100 ng /m l. PMA was d i lu te d  in  d im e thy lsuph ox ide (DMSO, Sigma 

Chem icals, UK.) and fo r  t h is  reason a c o n tro l adding DMSO alone was a lso  

used in  a d d it io n  to  a c o n tro l w ith o u t PMA or DMSO.

E n d o th e lia l c e l l  monolayers and ra d io la b e lle d  PMN suspensions were 

prepared as p re v io u s ly  described  (S e c tio n  5 .4 .1 ) .  The ra d io la b e lle d  PMNs 

were d i lu te d  to  a w ork ing c o n c e n tra tio n  o f  2 .0 x 10® c e l ls /m l.

The PMN suspension was then incubated fo r  1 hour a t room tem perature  

w ith  e ith e r  100 ml o f  fre s h  ECM, DMSO, DMSO w ith  lOng/ml PMA, o r DMSO w ith  

100 ng/ml PMA. The PMN suspension was then washed th re e  tim es us ing fre s h  

ECM to  remove DMSO and PMA be fo re  re-suspension in  fre s h  ECM a t a f in a l  

co n c e n tra tio n  o f 2.0x10® PMN/ml.

A d i lu t io n  o f  I L - lb  was made up from s tock  s o lu t io n ,  as p re v io u s ly  

de sc rib ed , to  g ive  a f in a l  w ork ing c o n c e n tra tio n  o f lU /m l. E n d o th e lia l 

c e l ls  were p re -in cu b a te d  e i th e r  w ith  o r w ith o u t I L - lb  fo r  4 hours a t 37°C 

in  95% A ir/5%  COg atmosphere p r io r  to  th e  adhesion assay be ing perform ed. 

The w e lls  were then seeded w ith  HUVECs as p re v io u s ly  described  and the  PMN 

adhesion assay perform ed as in  s e c tio n  5 .4 .5 .2 .

F ig  5.31 (p173), shows th e  t o t a l  r a d io a c t iv i t y  bound to  the  the  w e lls  

o f  HUVECs, and the  e f fe c t  o f  PMA and I L - lb  s t im u la t io n  on the  PMN b in d in g . 

The percentage b in d in g  is  shown in  F ig  5.32 (p173). The b in d in g  o f 

un s tim u la ted  PMN to  u n s tim u la ted  and s tim u la te d  HUVEC monolayers was
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s im i la r  to  th a t  seen w ith  DMSO tre a te d  PMNs.

PMA s tim u la te d  PMNs show s ig n i f ic a n t ly  increased b in d in g  to

un s tim u la ted  and IL -1 b  s t im u la te d  HUVEC monolayers when compared w ith  

un s tim u la ted  PMNs. T h is  e f fe c t  was seen a t both co n c e n tra tio n s  o f PMA.

The maximum adhesion o f PMN to  HUVECs using t h is  assay techn ique  was 40%.

When un s tim u la ted  PMNs were used, IL -1 b  caused a s ig n i f ic a n t  increase

in  b in d in g  to  HUVEC monolayers as had been seen b e fo re . However when PMA 

s tim u la te d  PMNs were used I L - lb  s t im u la t io n  o f  the  HUVEC monolayer d id  not 

inc rease  the  PMN adhesion over and above the  a lready  increased adhesion to  

un s tim u la ted  HUVECs.

T h is  d is p ro p o r t io n a te  e f fe c t  o f PMN s t im u la t io n  on th e  adhesion to  

HUVEC monolayers in d ic a te d  th a t  the  o v e ra ll a c t iv a t io n  s ta te  o f  the  PMNs 

used in  t h is  assay has a g re a te r e f fe c t  dn PMN b in d in g  HUVECs than the  

s ta te  o f a c t iv a t io n  o f  I L - lb  s t im u la te d  e n d o th e lia l c e l ls .

5 .6  Estab lishm ent o f  a normal range f o r  th e  siCr PMN adhesion assay.

Blood was c o lle c te d  from  18 norm al, h e a lth y  v o lu n te e rs  who had no 

evidence o f in fe c t io n  a t the  tim e  o f  sam pling (12 male, 6 fem ale, mean age 

33.8 yea rs , range 27-50 years).  N e u tro p h ils  were prepared as p re v io u s ly  

described  and PMN adhesion was assayed on both u n a c tiv a te d  and I L - lb  

a c t iv a te d  HUVEC monolayers.

The re s u lts  o f th e  adhesion assay are shown in  F igs 5.33 and 5.34 

( p i74), the  median adhesion to  u n a c tiv a te d  HUVEC monolayers was 7.75%, w ith  

an in te r q u a r t i le  range o f 4.88%-9.85%. The median adhesion to  a c tiv a te d  

HUVEC monolayers was 20.9%, w ith  an in te r q u a r t i le  range o f  16.1%-22.8%.

The re s u lts  were analysed to  e s ta b lis h  i f  any re la t io n s h ip  e x is te d  

between sex and PMN adhesion, the  re s u lts  are presented in  F igs 5.35 and 

5.36 (p175). There was no s ig n i f ic a n t  d if fe re n c e  between male and fem ale 

PMN adhesiveness.
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I n t r a - in d iv id u a l v a r ia t io n  in  PMN adhesiveness between days was a lso  

assessed. 3 v o lu n te e rs  were sampled on 4 d i f f e r e n t  days each a t weekly 

in te r v a ls ,  n e u tro p h ils  were separa ted as described and t h e i r  adhesiveness 

measured. The re s u lts  o f  these assays are shown in  F ig 5.37 ( p i76 ). There 

was no s t a t i s t i c a l l y  s ig n i f ic a n t  v a r ia t io n  in  the  same in d iv id u a l 's  PMN 

adhesiveness between d i f f e r e n t  days (W ilcoxon Signed Rank T e s t) .

6 .7  C onclusions

1. The assay o f n e u tro p h il adhesion us ing Rose Bengal dye re lea se , 

w h i ls t  g iv in g  an es tim a te  o f  c e l l  adhesion, was not ab le  to  g ive  any c le a r  

idea o f the  magnitude o f  adhesion. The assay a lso  had sources o f e r ro r  

which proved d i f f i c u l t  to  e ra d ic a te . The method was th e re fo re  not used 

fu r th e r .

2. The assay o f n e u tro p h il adhesion us ing the  chromium re lease  method 

had the  advantages o f  be ing more r e l ia b ly  re p ro d u c ib le  and ab le  to  g ive  an 

es tim a te  o f percentage adherence o f n e u tro p h ils  to  e n d o th e lia l c e l ls .  T h is  

a llow ed a comparison o f  n e u tro p h il adhesion between in d iv id u a ls  to  be made.

3. In  the  chromium re lease  method the  fo llo w in g  assay c o n d itio n s  were

found to  be the  most r e l ia b le :

a. HUVECS should be seeded on to 24 w e ll t is s u e  c u ltu re  p la te s , 

p re -coa ted  w ith  g e la tin e  s o lu t io n ,  a t a c o n c e n tra tio n  o f  1x10® c e l ls  per 

w e ll,  24 hours p r io r  to  assay. The HUVECS should then be incubated fo r  4

hours in  fre s h  e n d o th e lia l c u ltu re  medium w ith  o r w ith o u t in te r le u k in  1b a t

a c o n c e n tra tio n  o f 1 u n it \m l

b. 1ml o f  n e u tro p h ils ,  a t  a c o n c e n tra tio n  o f 2 x10®/ml a f te r  

p re - in c u b a tio n  w ith  50ml o f  C r^ f o r  one hour a t room tem pera ture , 

should be added per w e ll.

c. N e u tro p h il in c u b a tio n  w ith  the  e n d o th e lia l c e l ls  should be a t 4®c
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f o r  45 m inute.

d. The w e lls  should be washed a t the  end o f the  adhesion pe rio d  w ith  

BSS\10% FCSj 1 m l\w e ll,  th re e  tim es .

e. Remaining r a d io a c t iv i t y  in  the  w e lls  a f te r  the  washing phase 

should be re leased by 30 m inute in c u b a tio n  w ith  1ml o f  NOP-4 fo llo w e d  by 

a fu r th e r  1ml per w e ll.

4. Using these assay c o n d itio n s  i t  was found th a t  th e  a d d it io n  o f 

In te r le u k in  1b to  the  assay increased the  adhesive p o te n t ia l o f  the  HUVEC 

monolayer by 2-3 tim e s , th e  p re - in c u b a tio n  o f n e u tro p h ils  w ith  PMA 

increased the  adhesion by 4-5 tim es.

5. Using n e u tro p h ils  from h e a lth y  s u b je c ts  the  median adhesion to  

un s tim u la ted  e n d o th e lia l c e l ls  was 7.75% and to  s tim u la te d  e n d o th e lia l 

c e l ls  was 20.9%.
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Plate 5.5 HUVEC monolayer post addition o fS lC r labelled PMNs (magnification xlOO).

Plate 5.6 HUVEC monolayer post addition of 51 Cr labelled PMNs after 3 washes 
(magnification xl 00).
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Fig 5.4a Correlation between measured radioactivity and 
labelled neutrophil cell numbers.
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Fig 5.5 Effect of endothelial cell concentration and Interleukin-1 p on PMN binding.
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Fig 5.6 Effect of endothelial cell concentration and IL-1 p on percentage PMN binding. 
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Fig 5.7 Effects of IL-1 pconcentration on PMN adhesion to HUVEC monolayers. 
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Fig 5.8 Effect of PMN concentration on adhesion to
HUVEC monolayers treated with interleukin-lp .
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Fig 5.10 Effect of time on the binding of PMN to HUVEC monolayers at 4'C
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Fig 5.11 Effect of time on the percentage binding of PMNs 
to HUVEC monolayers at 4'C.
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Fig 5.12 Effect of time on the binding of PMN to HUVEC monolayers at 20'C.
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Fig 5.13 Effect of time on the percentage binding of PMN to HUVEC monolayers at 20'C. 
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Fig 5.14 Effect of time on the binding of PMNs to HUVEC monolayers at 37'C.
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Fig 5.15 Effect of time on the binding of PMNs to HUVEC monolayers at 37'C. 
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Fig 5.16 Effect of time and temperature on PMN adhesion to HUVEC
monolayers with or without IL-ip.
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Fig 5.17 Effect of time and temperature on % PMN adhesion to HUVEC
monolayers with or without lL-ip.
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Fig 5.18 The % increase in PMN adhesion with time, comparing unstimulated and 
IL-1 p stimulated HUVEC monolayers.
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Fig 5.19 Effect of washing on PMN adherence to culture wells.
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Fig 5.20 Effect of washing on percentage PMN adherence to culture wells. 
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Fig 5.21 Effect wash number on PMN adhesion to HUVEC monolayers.
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Fig 5.22 Effect of washing on the percentage adhesion of PMN to HUVEC monolayers.
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Fig 5.23 Effect of wash number on PMN adhesion to IL-ip stimulated
HUVEC monolayers.
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Fig 5 .24  Effect of wash number on percentage PMN adhesion to IL -ip  stimulated 
HUVEC monolayers.
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Fig 5.25 Effect of washing on the adhesion of PMNs to stimulated and
unstimulated HUVEC monolayers.
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Fig 5.26 Effect of washing on PMN adhesion to unstimulated HUVEC
monolayers in gelatin coated wells.
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Fig 5 .27  Effect of washing on percentage PMN adhesion to unstimulated 
HUVEC monolayers in gelatin coated wells.
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Fig 5.28 Effect of washing on PMN adhesion to IL-1 p stimulated HUVEC 
monolayers in gelatin coated wells.
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Fig 5.29 Effect of washing on percentage PMN adhesion to IL-ip stimulated 
HUVEC monolayers in gelatin coated wells.
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Fig 5.30 Effect of different lysis solutions on measured PMN adhesion 
to HUVEC monolayers.
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Fig 5.31 Effect of PMA stimulation on PM N adhesion to stimulated and 
unstimulated HUVEC monolayers.
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Fig 5 .32 Effect of PMA stimulation on percentage PMN adhesion-to stimulated and 
unstimulated HUVEC monolayers.

Adhesion
(%)

50 1

40  

30  

2 0  - 

10  -

IX

□  Unstimulated 

■  +IL-1P (1 U/ml)

Control +DMSO +PMA +PMA
(lO ng/m l) (lOOng/m l)

173



Fig 5.33 Adhesion of PMNs from normal individuals to
unstimulated HUVEC monolayers
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Fig 5.34 Adhesion of PMNs from normal individuals to 
IL-ip stimulated HUVEC monolayers
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Fig 5.35 Effect of sex on PMN adhesion to unstimulated HUVEC monolayers.
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Fig 5.36 Effect of sex on PMN adhesion to stimulated H U VEC monolayers.
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Fig 5.37 Intra-Individual variation in PMN adhesivness.
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Table 5.2 Coefficient of variation of total radioactivity recovered compared between number 
of washes on gelatin coated plates.

UNSTIMULATED

Wash 2 
Wash 3 
Wash 4

lntra-Plate(1 ) ln tra -P la te (2 ) Inter-plate  
9.196 9.8% 7.5%
10.4% 6.12% 0.4%
9.3% 6.9% 3.7%

STIMULATED

Wash 2 
Wash 3 
Wash 4

lntra-Plate(1 ) ln tra -P la te (2 ) Inter-plate  
16.4% 12.1% 48.4%
21.296 17.596 30.196
1 1 ^ %  9 ^ %  4 2 ^ %
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Table 5.1 Coefficient of variation of total radioactivity recovered compared between number 
of washes on uncoated plates.

UNSTIMULATED

Day 1

Wash 2 
Wash 3 
Wash 4

lntra-Plate(1 ) ln tra -P la te (2 ) Inter-plate  
2 L 6 %  22 J96  ^ 6 %
9.3% 23 .4%  19.3%
6.8% 24 .7%  15.2%

Day 2

Wash 2 
Wash 3 
Wash 4

lntra-Plate(1 ) ln tra -P la te (2 ) Inter-plate  
1 3 ^ %  4 ^ ^ %  3 2 ^ %
1 6 ^ %  3 9 ^ %  1 2 ^ %
1 4 ^ %  29 %  1 4 ^ %

Day 3

Wash 2 
WashS 
Wash 4

lntra-Plate(1 ) lntra-P late (2 ) Inter-plate 
1 5 ^ %  2 8 ^ %

^ 1 %  1 0 ^ %  1 2 ^ %
2.5% 28 .7%  8.4%

Average Coefficient of variation over 3 days.

Wash 2 
Wash3
Wash 4

ln tra -P la te (l ) ln tra -P la te (2 ) Inter-plate  
1 3 ^ %  2 6 ^ %  2 1 ^ %
9.6% 24 .4%  14.9%
7.8% 27 .5%  12.7%

STIMULATED

Day 1

W M h2
Wash 3 
Wash 4

lntra-Plate(1 ) ln tra -P la te (2 ) Inter-plate  
2 1 ^ %  1 A 5 %  2 3 ^ %
1 8 ^ %  1 A 4 %  1 6 ^ %
6.&K 1 8 J %  1 9 ^ %

Day 2

Wash 2 
Wash 3 
Wash 4

lntra-Plate(1 ) ln tra -P la te (2 ) Inter-plate  
25.4% 4 .3%  24.0%
1 2 ^ %  1 0 ^ %  
2 0 4 %  8 ^ %  1 ^ %

Day 3

Wash 2 
Wash 3 
Wash 4

lntra-Plate(1 ) ln tra -P la te (2 ) Inter-plate  
8.0% 5.5% 40.1%
A&%  1 3 ^ %  2 0 ^ %
1 3 ^ %  5 ^ W  2 6 ^ %

Average Coefficient of variation over 3 days.

Wash 2 
Wash 3 
Wash 4

lntra-Plate(1 ) 
18.2%
12.996
13.3%

lntra-P late(2)
9 J %
13.396
10.5%

Inter-plate
30.8%
1 6 J %
15.996
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CHAPTER SIX

A p p l ic a t io n  o f  the  chromium la b e l le d  n e u t ro p h i l  assay t o  measurement o f  PMM 

adhesivness in  p a t ie n t  groups

6 .0  In t ro d u c t io n

In Chapter 5 we exp lored the  sources o f  v a r i a b i l i t y  in  the siCr 

la b e l le d  PMN adhesion assay. Having opt im ized the  assay c o n d i t io n s ,  the 

assay was then used to  in v e s t ig a te  the adhesive p o te n t ia l  o f  PMNs from a 

range o f  normal su b je c ts ,  p a t ie n ts  in  end stage renal f a i l u r e  (ESRF) and 

re c ip ie n ts  o f  renal a l l o g r a f t s .  P a t ie n ts  in  ESRF were a l l  haemodia lysis 

p a t ie n ts  whose n e u t ro p h i ls  were sampled immediate ly p r i o r  to  d i a l y s i s ,  in  

o rder to  assess the  e f f e c t s  o f  prolonged uremia and to  exclude the p o s s ib le  

immediate a c t i v a t in g  e f f e c t s  o f  haemodia lys is .  R e c ip ien ts  o f  renal 

a l l o g r a f t s  a l l  had f u n c t io n in g  g r a f t s  a t  the t ime o f  sampling and were 

d i a l y s i s  independent. The renal a l l o g r a f t  p a t ie n ts  were d iv id e d  in to  two 

groups: those w i th  proven i n f e c t io n  a t  the t ime o f  sampling and those who 

were in fe c t io n  f re e .

6.1 E f fe c t  o f  Haemodia lysis on PMN adhesion t o  HUVEC monolayers.

10 Haemodia lysis p a t ie n ts  were sampled over one 72 hour pe r io d .  4 ml 

o f  blood was c o l le c te d  in to  EDTA a n t ic o a g u la n t ,  from e i t h e r  the 

a r te r iovenous  f i s t u l a  or t h e i r  c e n t ra l  venous d i a l y s i s  c a th e te r .  The blood 

was t ransp o r ted  to  the  la b o ra to ry  immediate ly  and n e u t ro p h i ls  were 

separated using the  d i f f e r e n t i a l  c e n t r i f u g a t i o n  techn ique (see Methods 

s e c t io n ) .  The adhesive p o te n t ia l  o f  these n e u t ro p h i ls  was then assayed 

using the s tandard ised s^Cr la b e l le d  PMN assay as descr ibed in  sec t ion  

5 .4 .5 .2 .

The demographic and c l i n i c a l  data from these p a t ie n ts  i s  presented in
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Table 6.1 (p184). There was a predominance o f  females in  the p a t ie n t  

group, which was due to  the cohort  o f  p a t ie n ts  undergoing d i a l y s i s  a t  the  

t im e t h i s  s tudy could be c a r r ie d  ou t .  Data from the normal cohort  however, 

shows no r e la t io n s h ip  between sex and PMN adhesiveness as demonstrated in  

Figs 5.35 and 5.36 (p175).

Table 6.1 a lso  shows the r e s u l t s  o f  the adhesion assay f o r  each 

p a t ie n t .  There was no r e la t io n s h ip  between access device type and the 

adhesiveness o f  PMNs, or to  the  leng th  o f  t ime the p a t ie n ts  had been in  the 

d i a l y s i s  programme. The mean whole blood w h ite  c e l l  count was 7.72 

x1Q9/dL, which was w i th in  the  normal range (4-11x109/dL). Mean serum urea 

co n c en tra t ion  was 25.15 mmol/L, and mean serum c r e a t in in e  concen tra t ion  was 

935 mmol/L, both o f  which were s i g n i f i c a n t l y  ra ised  above normal (urea 

2 .5 -6 ,5  mmol/L, c r e a t in in e  60-120 m m ol/L).

Figs 6.1 and 6.2 (p187), show the adhesion to  uns t im u la ted  and 

s t im u la te d  HUVEC monolayers r e s p e c t iv e ly ,  o f  PMNs from haemodia lys is  

p a t ie n ts  compared to  normals, un in fe c te d  t ra n s p la n t  p a t ie n ts  and in fe c te d  

t r a n s p la n t  p a t ie n ts .  Examination o f  the  graphs in d ic a te d  t h a t  the re  are 

s i g n i f i c a n t  d i f fe re n c e s  between the  groups and the a n a ly s is  o f  the data is  

shown in  Table 6.3 (p188).

Table 6.3 shows th a t  the PMN adhesion o f  Haemodia lysis p a t ie n ts  

(12.7%) was s i g n i f i c a n t l y  ra ised  over c o n t ro l  values (7.75%) when the assay 

was performed using uns t im u la ted  HUVECs (p=0.0023). Th is  suggests th a t  the 

adhesive p o te n t ia l  o f  the  haemodia lys is  p a t i e n t ' s  PMNs was e leva ted above 

normal le v e ls .  Th is  was not t r u e  when s t im u la ted  HUVECs were used 

(Haemodialysis=23.85%, Normal=20.9%).

6 .2  E f fe c t  o f  rena l t r a n s p la n ta t io n  on PMN adhesion t o  HUVEC monolayers.

24 p a t ie n ts  w i th  fu n c t io n in g  renal a l l o g r a f t s ,  who were d i a ly s i s  

independent, were sampled a t  v a ry ing  pe r iods  a f t e r  t r a n s p la n ta t io n  from 5
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days to  7 years. 4 ml o f  blood was c o l le c te d  in to  EDTA a n t ic o a g u la n t ,  from 

c lean venepuncture o f  the  c e p h a l ic  v e in .  The blood was t ra n s p o r te d  t o  the  

la b o ra to ry  immediate ly  and n e u t ro p h i ls  were separated using the 

d i f f e r e n t i a l  c e n t r i f u g a t i o n  techn ique (see Methods s e c t io n ) .  The adhesive 

p o te n t ia l  o f  these n e u t ro p h i ls  was then assayed using the  s tandard ised ^ ic r  

la b e l le d  PMN assay as described in  sec t io n  5 .4 .5 .2 .

The demographic and c l i n i c a l  data from these p a t ie n ts  is  presented i n .  

Table 6.2 .1  and 6 .2 .2  (p185-186). Of the  24 p a t ie n ts ,  5 had in fe c t io n s  a t  

the  t ime o f  sampling and these are in d ic a te d ,  w i th  i n fe c t io n  type ,  in  the  

ta b le .

Table 6.2 .1  and 6 .2 .2  a lso  show the r e s u l t s  o f  the  adhesion assay f o r  

each p a t ie n t .  The adhesion assay in d ic a te d  an increased le v e l  o f  adhesion 

in  p a t ie n ts  w i th  in fe c t i o n  and the  a n a ly s is  of c l i n i c a l  parameters was 

c a r r ie d  out a f t e r  s p l i t t i n g  the p a t ie n ts  in  to  two groups, un in fec ted  

(n=19) and in fe c te d  (n=5). The mean whole blood w h ite  c e l l  count was 8.4 

x1Q9/dL f o r  the un in fe c te d  group, which was w i th in  the normal range, and 

14.2 xlQs/dL f o r  the  in fe c te d  group, which i s  above the  normal range. Mean 

serum urea c o n c e n tra t ion  was 16.7 mmol/L and 16.3 mmol/ f o r  the un in fe c te d  

and in fe c te d  groups r e s p e c t iv e ly ,  both s i g n i f i c a n t l y  above normal. The 

mean serum c r e a t in in e  c o n c e n tra t ion  was 282 mmol/L and 217 mmol/L, f o r  the 

un in fe c te d  and in fe c te d  groups re s p e c t iv e ly ,  both s i g n i f i c a n t l y  above 

norm al.

The re la t io n s h ip  between the  leng th  o f  t ime the  sample was taken post 

t r a n s p la n ta t io n  and n e u t ro p h i l  adhesiveness was in v e s t ig a te d .  For t h i s  the  

t r a n s p la n t  group was d iv id e d  in to  those p a t ie n ts  less  than 6 months post 

t r a n s p la n t  and those who were more than 6 months p o s t - t r a n s p la n t ,  on the  

bas is  t h a t  immunosuppressive the rapy  had decreased to  ba se l ine  by t h i s  

t im e . No c o r r e la t io n  was found between the t ime post t ra n s p la n t  and w h ite  

c e l l  count, urea, c r e a t in in e  or PMN adhesiveness on e i t h e r  s t im u la te d  or
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unstimulated HUVEC monolayers.

Figs 6.1 and 6.2 (p187), show the adhesion to  un s t im u la ted  and 

s t im u la te d  HUVEC monolayers r e s p e c t iv e ly ,  o f  PMNs from un in fec ted  

t r a n s p la n t  p a t ie n ts  and in fe c te d  t ra n s p la n t  p a t ie n ts  compared to  normals 

and haemodia lys is  p a t ie n ts .  Examination o f  the graphs in d ic a te d  t h a t  the re  

are s ig n i f i c a n t  d i f fe re n c e s  between the groups and the  a n a ly s is  o f  the  data 

i s  shown in  Table 6.3 (p188).

Table 6.3 shows th a t  the PMN adhesion o f  un in fe c te d  t ra n s p la n t  

p a t ie n ts  (24.2%) was s i g n i f i c a n t l y  ra is e d  over co n t ro l  values (20.9%) when 

the  assay was performed using s t im u la te d  HUVECs (p=0 .04 ) .  This  was not 

t r u e  when uns t im u la ted  HUVECs were used (Un in fected transp lant=7 .6% .

Normal=7.75%).

Un in fected t r a n s p la n t  p a t ie n ts  showed a lower PMN adhesiveness (7.6%) 

to  unst im u la ted  HUVECs, when compared to  haemodia lysis p a t ie n ts  (12.7%), 

(p=0.0027). Un in fected t ra n s p la n te d  p a t ie n ts  (24.2%) show s l i g h t l y  

increased adhesiveness o f  PMNs to  s t im u la te d  HUVECs when compared to  

haemodia lys is  p a t ie n ts  (23.85%), but t h i s  was not a s i g n i f i c a n t  inc rease .  

However, un in fe c te d  t ra n s p la n t  p a t ie n ts  have an e leva ted  PMN adhesiveness 

to  s t im u la ted  HUVECs (24.2%), when compared to  normal in d iv id u a ls  (20.9%) 

(p=0.04).

In fe c t io n  appeared to  cause a general increase in  PMN adhesiveness to  

both uns t im u la ted  and s t im u la te d  HUVECs. Table 6.3 shows th a t  the  PMN 

adhesion o f  in fe c te d  t ra n s p la n t  p a t ie n ts  (34.0%) was s i g n i f i c a n t l y  e leva ted  

above the both normal in d iv id u a ls (2 0 .9 % )  and un in fe c te d  t r a n s p la n t  p a t ie n ts  

(24.2%) using s t im u la te d  HUVECs (p= 0.0015 and 0.0014 re s p e c t iv e ly ) .  When 

uns t im u la ted  HUVECs were used e leva ted adhesion was seen in  in fe c te d  

p a t ie n ts  (13.8%), however t h i s  e le v a t io n  f a i l e d  to  reach s t a t i s t i c a l  

s ig n i f i c a n c e  above normals (7.75%) or Un infected t r a n s p la n t  p a t ie n ts  

(7.6%). When PMN adhesion, us ing s t im u la te d  HUVECs, in  in fe c te d  p a t ie n ts
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(34.0%) was compared to  haemodia lys is  p a t ie n ts  (23.85%) the re  was 

s i g n i f i c a n t l y  increased adhesion (p=0.006).

6 .3  Conclusions

1. Using the chromium re lease assay f o r  measuring n e u t ro p h i l  adhesion to  

e n d o th e l ia l  c e l l s  i t  was found th a t  p a t ie n ts  w i th  end stage renal f a i l u r e  

undergoing haemodia lys is  had a s i g n i f i c a n t l y  h igher  le v e l  o f  ne u t ro p h i l  

adhesion to  uns t im u la ted  HUVECS than normal c o n t ro ls .  P a t ie n ts  w i th  renal 

t ra n s p la n ts  who had evidence o f  i n f e c t io n  tended to  a lso  to  have increased 

adhesion over normal c o n t ro ls  but t h i s  was not s t a t i s t i c a l l y  s i g n i f i c a n t .

2. Using the chromium re lease assay i t  was found th a t  p a t ie n ts  w i th  end 

stage renal f a i l u r e  undergoing haemodia lys is  had a s i g n i f i c a n t l y  h igher 

le v e l  o f  n e u t ro p h i l  adhesion to  uns t im u la ted  HUVECS than p a t ie n ts  w i th  

fu n c t io n in g  renal t r a n s p la n ts  who had no evidence o f  i n f e c t io n .  There was 

no d i f f e re n c e  in  n e u t ro p h i l  adhesion between haemodia lys is  p a t ie n ts  and 

p a t ie n ts  w i th  renal t r a n s p la n ts  who had evidence o f  in f e c t i o n ,  using 

uns t im u la ted  HUVECS.

3. Using i n t e r le u k in  1b s t im u la te d  HUVECS, n e u t ro p h i ls  from normal

c o n t ro ls  were s i g n i f i c a n t l y  less  adhesive than p a t ie n ts  w i th  renal 

t r a n s p la n ts ,  both in fe c te d  and un in fe c te d ,  but not haemodia lys is  p a t ie n ts .

4. Using i n t e r le u k in  1b s t im u la te d  HUVECS, n e u t ro p h i ls  from un in fe c te d

renal t r a n s p la n t  p a t ie n ts  were s i g n i f i c a n t l y  less  adhesive than p a t ie n ts  

w i th  renal t ra n s p la n ts  who had evidence o f  in f e c t io n ,  but were not 

d i f f e r e n t  from those n e u t ro p h i ls  from haemodia lys is  p a t ie n ts .

5. Using in te r le u k in  1b s t im u la te d  HUVECS, n e u t ro p h i ls  from in fe c te d

renal t r a n s p la n t  p a t ie n ts  were s i g n i f i c a n t l y  more adhesive than n e u t ro p h i ls  

from haemodia lysis p a t ie n ts .

6. O vera l l  the g re a te s t  le v e l  o f  n e u t ro p h i l  adhesion was seen amongst the

group o f  p a t ie n ts  w i th  renal t r a n s p la n ts  who had evidence o f  in fe c t io n .
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Table 6.3 Percentage PMN adhesion to HUVEC monolayers of Normals, Transplant
patients, and Haemodialysis patients (median and interquartile range (Q1-Q3)).

Patient type Control
HUVECs

IL-ip Stimulated 
HUVECs

Normals
( n - 1 8 )

Haemodialysis
( n - 1 0 )

All Transplants 
(n = 2 4 )

Uninfected Transplant 
( n - 1 9 )

Infected Transplant 
(n=S )

7 .7 5 (4 .8 8 -9 .8 5 )

1 2 .7 (9 .2 -1 6 .6 )

7 .7 (5 .4 -1 1 .4 )

7 . 6 ( 5 . 4 8 . 6 )

1 3 .8 (6 .3 -1 8 .3 )

2 0 .9 (1 6 .1 -2 2 .8 )

2 3 .8 5 (2 0 .5 -2 6 .9 )

2 7 .1 (2 0 .8 5 -3 0 .9 )

2 4 .2 (1 9 .8 -2 9 .0 )

3 4 .0 (3 1 .1 -3 6 .8 )

Tests of Significance, p values (Mann-Whitney). 

Patient type

Normal vs.

Haemodialysis 
All Transplants 
Uninfected Transplant 
Infected Transplant

Uninfected Transplant vs.

Haemodialysis 
Infected Transplant

Infected Transplant vs.

Haemodialysis

Control
HUVECs

0 . 0 0 2 3  
0.66(ns)  
0 .9 1 (ns) 
O . l l ( n s )

0 . 0 0 2 7
0.124(ns)

1 .0(ns)

IL-ip Stimulated 
HUVECs

0.088(ns)  
0 . 0 0 5  
0 . 0 4 0  
0 .0 0 1  5

0 .7655(ns)
0 . 0 0 1 4

0 . 0 0 6
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Fig 6.1 Effect of End Stage Renal Failure, transplant and infection on 
the adhesion of PMN to unstimulated HUVEC monolayers.
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Fig 6.2 Effect of End Stage Renal Failure, transplant and infection on the 
adhesion of PMN to stimulated HUVEC monolayers.
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CHAPTER SEVEN

I n - v iv o  express ion o f  C e l l  adhesion molecules in  renal a l l o g r a f t s

7 .1 .  In t ro d u c t io n

Inf lammation is  c h a ra c te r ised  by the lo c a l  accumulation in  the 

t is s u e s  o f  blood leucocy tes ,  plasma p ro te in s  and f l u i d  as a r e s u l t  o f  

i n j u r y ,  in fe c t io n  or a n t ig e n ic  s t im u l i .  The co n t ro l  o f  leucocyte  passage 

i s ,  in  p a r t ,  reg u la ted  by the expression o f  adhesion molecules on the 

sur face  o f  both vascu la r  e n d o th e l ia l  c e l l s  and leucocy tes .  The p a t te rn  o f  

adhesion molecule expression v a r ie s  w i th  t ime and the  type o f  s t im u lus ,  

thus re g u la t in g  the  tempo o f  the in f lam m atory  response and the  leucocy te  

po p u la t io n  e n te r in g  the  t is s u e s .  Cytok ines, produced both l o c a l l y  and 

s y s te m ic a l ly ,  are im portan t  re g u la to rs  o f  adhesion molecules, being both 

s t im u la to ry  and i n h i b i t o r y  du r ing  the in f lammatory process. W h i ls t  

l o c a l i s e d  in f lam m atory  c o n d i t io n s ,  such as a l l o g r a f t  r e je c t io n ,  would be 

expected to  cause increased adhesion molecule express ion, more genera l ised  

c o n d i t io n s  such as hypovolaemic o r  s e p t ic  shock may a lso  have a s im i la r  

e f f e c t .

Leucocyte i n f i l t r a t i o n  i s  an key p a r t  o f  renal a l l o g r a f t  r e je c t io n  

w i th  lymphocyte 's  and macrophages predominant. Lymphocyte sub -popu la t ions  

can be in v e s t ig a te d  by look ing  a t  an t igen  expression on the  c e l l  su r face :  

leucocy te  common an t igen  i d e n t i f i e s  w h ite  c e l l s  in  genera l,  presence o f  CD3 

i d e n t i f i e s  lymphocytes, CD4 i s  p resen t on T -he lpe r  and inducer lymphocytes, 

CDS i s  present on c y to to x ic  and suppressor T lymphocytes.

During acute c e l l u l a r  renal a l l o g r a f t  r e je c t io n  the  i n i t i a l  

in f lam m atory  response is  assoc ia ted w i th  the  re lease o f  the  cy tok in es  IL-1 

and TNF w i th  subsequent T-lymphocyte a c t i v a t io n  and, i f  un trea ted ,  g r a f t  

d e s t ru c t io n .  The de-novo syn th es is  and expression o f  the  in te r le u k in  2
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rece p to r ,  ( IL -2 R ) ,  represents  the  e a r ly  consequences o f  an t igen or mitogen 

induced a c t i v a t io n  o f  mature re s t in g  T lymphocytes. The subsequent 

in te r a c t io n  o f  IL -2  w i th  IL-2R promotes rap id  expansion o f  the  e f f e c t o r  T 

c e l l  p o p u la t io n .  As such IL -2 R 's  presence i s  an e s ta b l ished  marker f o r  

immune a c t i v a t io n .

Eva lua t ion  o f  the expression o f  e n d o th e l ia l  adhesion molecules in  

renal a l l o g r a f t s  might th e re fo re  p rov ide  a r e l i a b le  index o f  immune 

a c t i v a t io n  p e rm i t t i n g  ap p ro p r ia te  a n t i - r e je c t i o n  the rapy  to  be g iven . In 

these s tu d ie s  b io p s ie s  were ob ta ined from renal a l l o g r a f t s  both 

p re - t r a n s p la n ta t io n  and p o s t - t r a n s p la n ta t io n  and assessed, using 

immunohistology, f o r  the  presence o f  adhesion molecules and c e l l u l a r  

i n f i l t r a t e .  The f in d in g s  were then re la te d  to  the  p a t ie n ts  c l i n i c a l  course 

and h is to p a th o lo g ic a l  d iagnos is  to  determine the usual p a t te rn  o f  adhesion 

molecule expression t h a t  might be expected, and the  p o te n t ia l  t h a t  adhesion 

molecule expression might have as a d ia g n o s t ic  a id  in  renal a l l o g r a f t  

d y s fu n c t io n .

7 .2 .  P a t ie n ts  and methods

7 .2 .1  P a t ie n t  d e t a i l s

B iops ies were ob ta ined from 16 p re - t ra n s p la n t  and 119 p o s t - t r a n s p la n t  

renal a l l o g r a f t s . ( f o r  the  biopsy method see methods c h a p te r ) .  

P re - t ra n s p la n t  samples were taken immediate ly  p r i o r  to  t r a n s p la n ta t io n ,  

be fore  the k idney was reperfused. P o s t - t ra n s p la n t  samples were obta ined 

both a t  t imes o f  g r a f t  dys fu n c t io n  and r o u t i n e ly  a t  i n te r v a l s  o f  one, s ix ,  

twe lve  and twenty fo u r  months. H a l f  o f  the  sample was snap-frozen in  l i q u i d  

n i t ro g e n  and used f o r  im m unoh is to log ica l a n a ly s is ,  and h a l f  preserved in  

fo rm a l in  f o r  h is to p a th o lo g ic a l  examination by an independent 

h is to p a th o lo g is t .
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D e ta i ls  o f  the  organ donors from whom the p re - t ra n s p la n t  b iops ies  

were taken are shown in  appendix A, ta b le  A1 (p232). Fo l low ing 

t ra n s p la n ta t io n  a l l  r e c ip ie n t s  were immunosuppressed w i th  a combinations o f  

a z a th io p r in e ,  c y c lo s p o r in  and p redn iso lone .  Episodes o f  a l l o g r a f t  

r e je c t io n ,  diagnosed on c l i n i c a l  c r i t e r i a  and conf irmed by h is to p a th o lo g y  

were t re a te d  w i th  a th re e  day course o f  in travenous m ethy lpredn iso lone (0 .5  

gms/day). S te ro id  r e s i s ta n t  r e je c t io n ,  as diagnosed by h is to p a th o lo g y ,  was 

t re a te d  w i th  a 10-14 day course o f  the  monoclonal an t ibody  OKT-3. A 

complete record o f  p a t ie n t  d e t a i l s  f o r  each p o s t - t r a n s p la n t  b iopsy i s  shown 

in  appendix C (p243-247).

7 .2 .2 .  Immunohis to log ica l methods

In t h i s  s tudy the  d i s t r i b u t i o n  o f  the c e l l  adhesion molecules 

E -s e le c t in ,  VCAM, ICAWl-l and PECAM in  renal t ra n s p la n t  b iop s ies  was 

s tu d ie d ,  HLA Class 1 and Class 2 an t igen  expression was a lso  assessed. The 

i n t e n s i t y  o f  s ta in in g  o f  these an t igens  on renal tu b u le s ,  g lo m e ru l i ,  

i n t e r - t u b u la r  endothel ium (ITE) and la rge  vessels w i th in  the  kidney b iopsy 

was measured. Any c e l l u l a r  i n f i l t r a t e  found on the b iopsy was a lso  assessed 

f o r  the  presence o f  leucocy te  common an t igen ,  CD3, CD4, CDS and IL -2  

r e c e p to r .

D e ta i ls  o f  the  immunohistology sample p re pa ra t ion  and s ta in in g  are 

shown in  the methods chap te r .  S ta in in g  i n t e n s i t y  was scored accord ing to  a 

s imple semi q u a n t i t a t i v e  system using a sca le  o f  0-5 where 0=absent, 1= very 

weak, 2=weak, 3= moderate, 4=strong, 5= very  s trong . Examples o f  b iop s ies  

which demonstrate the s ta in in g  o f  d i f f e r e n t  an t igens and d i f f e r e n t  scores 

o f  s ta in in g  i n t e n s i t y  are shown in  P la tes 7 .1 -7 .13  (p205-217).
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7 .3 .  The d i s t r i b u t i o n  o f  c e l l  adhesion molecules in  rena l t r a n s p la n t  

b io p s ie s

7 .3 .1 .  I n t ro d u c t io n

Results  are shown f o r  each s t r u c tu r e  w i th in  the b iopsy, e i th e r  

tu b u le s ,  g lo m e ru l i ,  ITE or la rg e  vesse ls ,  as a dot p l o t .  The in t e n s i t y  o f  

an t igen s ta in in g  i s  shown on the y ax is  f o r  HLA c lass  1 and 2, E -s e le c t in ,

VCAM and ICAM-1. The type  o f  b iopsy i s  shown on the  x a x is ;  e i th e r

p re - t r a n s p la n t ,  post t r a n s p la n t  normal o r  post t ra n s p la n t  acute c e l l u l a r  

r e je c t io n  ( p o s t - t r a n s p la n t  ACR). The r e s u l t s  f o r  PECAM are given sep a ra te ly  

in  the  t e x t .  The raw data f o r  each dot p lo t  i s  shown both in  rea l and

percentage terms in  appendix B, ta b le s  B1-B15 (p234-242). The f u l l  set o f

adhesion molecules were assessed in  16 p re - t ra n s p la n t  b io p s ie s ,  13 

p o s t - t r a n s p la n t  normal b iop s ies  and 15 p o s t - t r a n s p la n t  ACR b io p s ies .

7 .3 .2  Renal tub u le s

F igures 7 .1 -7 .5  (p218-219), show an t igen expression on renal tu b u le s .  

F igure 7.1 shows HLA c la ss  1 express ion.  In p re - t ra n s p la n t  b iop s ies  6% were 

p o s i t i v e  w i th  a median in t e n s i t y  o f  0. In p o s t - t r a n s p la n t  normal b iop s ies  

14% were p o s i t i v e  w i th  a median expression o f  0. In p o s t - t r a n s p la n t  ACR 

b iop s ies  94% were p o s i t i v e  w i th  a median expression o f  3. The 

p o s t - t r a n s p la n t  ACR group showed s i g n i f i c a n t l y  more expression than the 

p o s t - t r a n s p la n t  normal group where p=0.0001, and the  p re - t ra n s p la n t  group 

where p=0.0001.

F igu re  7.2 shows HLA c lass  2 expression on rena l tu b u le s .  In 

p re - t ra n s p la n t  b iop s ies  38% were p o s i t i v e  w i th  a median i n t e n s i t y  o f  0. In 

p o s t - t r a n s p la n t  normal b io p s ie s  22% were p o s i t i v e  w i th  a median expression 

o f  0. In p o s t - t r a n s p la n t  ACR b io p s ie s  60% were p o s i t i v e  w i th  a median 

expression o f  1. There was no s i g n i f i c a n t  d i f f e re n c e  in  an t igen  expression 

between the groups.
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F igure 7.3 shows E -s e le c t in  expression on renal tu b u le s .  In 

p re - t ra n s p la n t  b iop s ies  6% were p o s i t i v e  w i th  a median in t e n s i t y  o f  0. In 

p o s t - t r a n s p la n t  normal b iop s ies  0% were p o s i t i v e  w i th  a median expression 

o f  0. In p o s t - t r a n s p la n t  ACR b iop s ies  12% were p o s i t i v e  w i th  a median 

expression o f  0. There was no s i g n i f i c a n t  d i f f e re n c e  in  an t igen  expression 

between the groups.

F igure  7 .4  shows VCAM express ion on renal tu b u le s .  In  p r e - t r a n s p la n t  

b iop s ies  75% were p o s i t i v e  w i th  a median in te n s i t y  o f  2. In p o s t - t r a n s p la n t  

normal b io p s ie s  69% were p o s i t i v e  w i th  a median expression o f  1 .5 . In 

p o s t - t r a n s p la n t  ACR b iop s ies  100% were p o s i t i v e  w i th  a median expression o f  

3. The p o s t - t r a n s p la n t  ACR group showed s i g n i f i c a n t l y  more expression than 

the  p o s t - t r a n s p la n t  normal group where p=0.005, and the  p re - t ra n s p la n t  

group where p=0.022.

F igure 7.5 shows ICAM-1 express ion on renal tu b u le s .  In 

p re - t ra n s p la n t  b iop s ies  55% were p o s i t i v e  w i th  a median in t e n s i t y  o f  2. In 

p o s t - t r a n s p la n t  normal b io p s ie s  on ly  7% were p o s i t i v e  w i th  a median 

expression o f  0. In p o s t - t r a n s p la n t  ACR b iops ies  45% were p o s i t i v e  w i th  a 

median expression o f  1 .5 . The p o s t - t r a n s p la n t  ACR group showed 

s i g n i f i c a n t l y  more expression than the  p o s t - t r a n s p la n t  normal group where 

p=0.024. The p r e - t ra n s p la n t  group a lso  showed s i g n i f i c a n t l y  g re a te r  

expression than the  p o s t - t r a n s p la n t  normal group where p=0.0006. There was 

no d i f f e re n c e  between the  p re - t ra n s p la n t  group and the p o s t - t r a n s p la n t  ACR 

group.

7 .3 .3 .  G lomeruli

Figures 7 .6 -7 .10  (p220-221), show ant igen expression on renal 

g lo m e ru l i .  F igure 7.6 shows HLA c lass  1 expression. In p re - t ra n s p la n t  

b io p s ie s  100% were p o s i t i v e  w i th  a median in t e n s i t y  o f  4. In 

p o s t - t r a n s p la n t  b iop s ies  100% were p o s i t i v e  w i th  a median expression o f  4.
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In p o s t - t r a n s p la n t  ACR b iop s ies  89% were p o s i t i v e  w i th  a median expression 

o f  4. There was no s ig n i f i c a n t  d i f f e re n c e  in  expression between the  groups.

F igure 7.7 shows HLA c lass  2 expression on renal g lo m e ru l i .  In 

p re - t ra n s p la n t  b io p s ie s  94% were p o s i t i v e  w i th  a median in t e n s i t y  o f  2 .5 .

In  p o s t - t r a n s p la n t  normal b io p s ie s  100% were p o s i t i v e  w i th  a median 

expression o f  2. In p o s t - t r a n s p la n t  ACR b iop s ies  56% were p o s i t i v e  w i th  a 

median expression o f  1. The p o s t - t r a n s p la n t  ACR group showed s i g n i f i c a n t l y  

less  expression than the  p o s t - t r a n s p la n t  normal group where p=0.03, and the 

p re - t ra n s p la n t  group where p=0.0075.

F igure 7.8 shows E -s e le c t in  expression on renal g lo m e ru l i .  In 

p re - t ra n s p la n t  b io p s ie s  6% were p o s i t i v e  w i th  a median in t e n s i t y  o f  0. In 

p o s t - t r a n s p la n t  normal b io p s ie s  0% were p o s i t i v e  w i th  a median expression 

o f  0. In p o s t - t r a n s p la n t  ACR b io p s ie s  0% were p o s i t i v e  w i th  a median 

expression o f  0. There was no s i g n i f i c a n t  d i f f e re n c e  in  an t igen expression 

between the groups.

F igure  7.9 shows VCAM express ion on renal g lo m e ru l i .  In 

p re - t ra n s p la n t  b io p s ie s  100% were p o s i t i v e  w i th  a median i n te n s i t y  o f  3. In 

p o s t - t r a n s p la n t  normal b io p s ie s  90% were p o s i t i v e  w i th  a median express ion 

o f  2 .5 .  In p o s t - t r a n s p la n t  ACR b io p s ie s  100% were p o s i t i v e  w i th  a median 

express ion o f  3. There was no s i g n i f i c a n t  d i f f e re n c e  in  an t igen expression 

between the groups.

F igure 7.10 shows ICAM-1 express ion on renal g lo m e ru l i .  In 

p re - t ra n s p la n t  b iop s ies  100% were p o s i t i v e  w i th  a median in t e n s i t y  o f  4. In 

p o s t - t r a n s p la n t  normal b iop s ies  90% were p o s i t i v e  w i th  a median express ion 

o f  4. In p o s t - t r a n s p la n t  ACR b io p s ie s  100% were p o s i t i v e  w i th  a median 

expression o f  3. There was no s i g n i f i c a n t  d i f f e re n c e  in  an t igen  express ion 

between the groups.
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7 .3 .4 . Renal in tertubular endothelium

F igures 7 ,11-7 .15  (p222-223), show ant igen expression on the renal 

i n te r - t u b u la r  endothel ium. F igure  7.11 shows HLA c la ss  1 express ion. In 

p re - t ra n s p la n t  b iop s ies  100% were p o s i t i v e  w i th  a median in t e n s i t y  o f  4. In 

p o s t - t r a n s p la n t  normal b iop s ies  100% were p o s i t i v e  w i th  a median expression 

o f  3 .5 .  In p o s t - t r a n s p la n t  ACR b io p s ie s  100% were p o s i t i v e  w i th  a median 

expression o f  3 .5 .  There was no s i g n i f i c a n t  d i f f e re n c e  in  an t igen 

expression between the  groups.

F igure 7.12 shows HLA c la ss  2 expression on renal i n t e r - t u b u la r  

endothel ium. In p re - t ra n s p la n t  b iop s ies  94% were p o s i t i v e  w i th  a median 

i n t e n s i t y  o f  2. In p o s t - t r a n s p la n t  normal b iop s ies  92% were p o s i t i v e  w i th  a 

median expression o f  2. In p o s t - t r a n s p la n t  ACR b iop s ies  100% were p o s i t i v e  

w i th  a median expression o f  2 .5 .  There was no s ig n i f i c a n t  d i f f e re n c e  in  

an t igen  expression between the groups.

F igure 7.13 shows E -s e le c t in  expression on renal i n t e r - t u b u la r  

endothel ium. In p re - t ra n s p la n t  b io p s ie s  31% were p o s i t i v e  w i th  a median 

i n t e n s i t y  o f  1 .5 . In p o s t - t r a n s p la n t  normal b iops ies  14% were p o s i t i v e  w i th  

a median expression o f  0. In p o s t - t r a n s p la n t  ACR b io p s ie s  80% were p o s i t i v e  

w i th  a median expression o f  2. The p o s t - t r a n s p la n t  ACR group showed 

s i g n i f i c a n t l y  more expression than the  p o s t - t r a n s p la n t  normal group where 

p=0.0003, and the  p r e - t r a n s p la n t  group where p=0.0215.

F igure 7.14 shows VCAM express ion on renal i n t e r - t u b u la r  endothel ium. 

In p re - t ra n s p la n t  b io p s ie s  38% were p o s i t i v e  w i th  a median i n t e n s i t y  o f

0 .5 .  In p o s t - t r a n s p la n t  normal b iop s ies  14% were p o s i t i v e  w i th  a median 

expression o f  0. In p o s t - t r a n s p la n t  ACR b iops ies  26% were p o s i t i v e  w i th  a 

median expression o f  0 .5 .  There was no s ig n i f i c a n t  d i f f e re n c e  in  an t igen 

expression between the  groups.

F igure 7.15 shows ICAM-1 express ion on renal i n t e r - t u b u la r  

endothel ium. In p re - t ra n s p la n t  b io p s ie s  100% were p o s i t i v e  w i th  a median
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i n t e n s i t y  o f  3 .5 .  In p o s t - t r a n s p la n t  normal b iop s ies  100% were p o s i t i v e  

w i th  a median expression o f  3. In p o s t - t r a n s p la n t  ACR b iop s ies  100% were 

p o s i t i v e  w i th  a median expression o f  4. There was no s i g n i f i c a n t  d i f f e re n c e  

in  an t igen expression between the groups.

7 .3 .5  Large b lcod vesse ls

F igures 7 .16-7 .20  (p224-225), show ant igen expression on the la rge  

blood vesse ls w i th in  the  k idney. F igure  7.16 shows HLA c la ss  1 express ion. 

In p re - t ra n s p la n t  b io p s ie s  94% were p o s i t i v e  w i th  a median in t e n s i t y  o f  3. 

In p o s t - t r a n s p la n t  b iop s ies  100% were p o s i t i v e  w i th  a median expression o f  

3. In p o s t - t r a n s p la n t  ACR b io p s ie s  100% were p o s i t i v e  w i th  a median 

expression o f  3 .5 .  There was no s i g n i f i c a n t  d i f f e re n c e  in  an t igen 

expression between the groups.

F igure 7.17 shows HLA c la ss  2 expression on la rg e  blood vesse ls .  In 

p re - t ra n s p la n t  b io p s ie s  86% were p o s i t i v e  w i th  a median in t e n s i t y  o f  2. In 

p o s t - t r a n s p la n t  normal b iop s ies  90% were p o s i t i v e  w i th  a median expression 

o f  2. In p o s t - t r a n s p la n t  ACR b io p s ie s  71% were p o s i t i v e  w i th  a median 

expression o f  2. There was no s i g n i f i c a n t  d i f f e re n c e  in  an t igen expression 

between the  groups.

Figure 7.18 shows E -s e le c t in  expression on la rge  blood vesse ls .  In 

p re - t ra n s p la n t  b io p s ie s  13% were p o s i t i v e  w i th  a median in t e n s i t y  o f  0. In 

p o s t - t r a n s p la n t  normal b iop s ies  10% were p o s i t i v e  w i th  a median expression 

o f  0. In p o s t - t r a n s p la n t  ACR b io p s ie s  50% were p o s i t i v e  w i th  a median 

expression o f  1. The p o s t - t r a n s p la n t  ACR group showed s i g n i f i c a n t l y  more 

expression than the  p o s t - t r a n s p la n t  normal group where p=0.043, but not the 

p re - t ra n s p la n t  group where the re  was no d i f fe re n c e  between the groups.

F igure 7.19 shows VCAM express ion on la rge  blood vesse ls .  In 

p re - t ra n s p la n t  b iop s ies  38% were p o s i t i v e  w i th  a median i n t e n s i t y  o f  0. In 

p o s t - t r a n s p la n t  normal b iop s ies  20% were p o s i t i v e  w i th  a median expression
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o f  0. In p o s t - t r a n s p la n t  ACR b io p s ie s  42% were p o s i t i v e  w i th  a median 

expression o f  1. There was no s i g n i f i c a n t  d i f f e re n c e  in  an t igen expression 

between the groups.

F igure 7.20 shows ICAM-1 expression on la rge  blood vesse ls .  In 

p re - t ra n s p la n t  b iop s ies  100% were p o s i t i v e  w i th  a median i n t e n s i t y  o f  2 .5 .  

In p o s t - t r a n s p la n t  normal b iop s ies  100% were p o s i t i v e  w i th  a median 

expression o f  3. In p o s t - t r a n s p la n t  ACR b iops ies  100% were p o s i t i v e  w i th  a 

median expression o f  3. The p o s t - t r a n s p la n t  ACR group showed s i g n i f i c a n t l y  

more expression than the  p o s t - t r a n s p la n t  normal group where p=0.0323, but 

not the p re - t ra n s p la n t  group where th e re  was no d i f f e re n c e  between the 

groups.

7 .3 .6 .  C e l lu la r  i n f i l t r a t e

Figures 7 .21-7 .25  (p226-227), show the in t e n s i t y  o f  s ta in in g  o f  the 

c e l l u l a r  i n f i l t r a t e  w i th in  the  k idney b iopsy. F igure 7.21 shows i n t e n s i t y  

o f  s ta in in g  o f  the leucocy te  common an t ige n .  In  p re - t ra n s p la n t  b io p s ie s  79% 

were p o s i t i v e  w i th  a median i n t e n s i t y  o f  2. In p o s t - t r a n s p la n t  normal 

b io p s ie s  62% were p o s i t i v e  w i th  a median expression o f  2. In 

p o s t - t r a n s p la n t  ACR b iop s ies  100% were p o s i t i v e  w i th  a median expression o f  

3. The p o s t - t r a n s p la n t  ACR group showed s i g n i f i c a n t l y  more expression than 

the  p o s t - t r a n s p la n t  normal group where p=0.0013, and the  p re - t ra n s p la n t  

group where p=0.001.

F igure 7.22 shows i n t e n s i t y  o f  s ta in in g  o f  the  CD3 an t igen on the 

c e l l u l a r  i n f i l t r a t e  w i th in  the  k idney. In p re - t ra n s p la n t  b iop s ies  72% were 

p o s i t i v e  w i th  a median in t e n s i t y  o f  2. In p o s t - t r a n s p la n t  normal b iop s ies  

62% were p o s i t i v e  w i th  a median expression o f  2. In p o s t - t r a n s p la n t  ACR 

b io p s ie s  100% were p o s i t i v e  w i th  a median expression o f  3. The 

p o s t - t r a n s p la n t  ACR group showed s i g n i f i c a n t l y  more expression than the 

p o s t - t r a n s p la n t  normal group where p<0.0001, and the  p re - t ra n s p la n t  group
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where p<0.0001.

Figure 7.23 shows i n t e n s i t y  o f  s ta in in g  o f  the  CD4 an t igen on the 

c e l l u l a r  i n f i l t r a t e  w i th in  the  k idney. In p re - t ra n s p la n t  b iop s ies  50% were 

p o s i t i v e  w i th  a median i n t e n s i t y  o f  1 .5 . In p o s t - t r a n s p la n t  normal b iop s ies  

54% were p o s i t i v e  w i th  a median expression o f  2. In p o s t - t r a n s p la n t  ACR 

b iop s ies  100% were p o s i t i v e  w i th  a median expression o f  3. The 

p o s t - t r a n s p la n t  ACR group showed s i g n i f i c a n t l y  more expression than the 

p o s t - t r a n s p la n t  normal group where p=0.0001, and the  p re - t ra n s p la n t  group 

where p<0.0001.

F igure 7.24 shows i n t e n s i t y  o f  s ta in in g  o f  the  CD8 an t igen on the 

c e l l u l a r  i n f i l t r a t e  w i th in  the  k idney. In p re - t ra n s p la n t  b iop s ies  43% were 

p o s i t i v e  w i th  a median in t e n s i t y  o f  1. In p o s t - t r a n s p la n t  normal b iop s ies  

60% were p o s i t i v e  w i th  a median express ion o f  1. In p o s t - t r a n s p la n t  ACR 

b io p s ie s  94% were p o s i t i v e  w i th  a median expression o f  2. The 

p o s t - t r a n s p la n t  ACR group showed s i g n i f i c a n t l y  more expression than the 

p o s t - t r a n s p la n t  normal group where p=0.0023, and the  p re - t ra n s p la n t  group 

where p=0.0058.

F igure 7.25 shows i n t e n s i t y  o f  s ta in in g  o f  the  IL -2  recep to r  an t igen 

on the c e l l u l a r  i n f i l t r a t e  w i th in  the  k idney. In p re - t ra n s p la n t  b iop s ies  0% 

were p o s i t i v e  w i th  a median i n t e n s i t y  o f  0. In p o s t - t r a n s p la n t  normal 

b iop s ies  23% were p o s i t i v e  w i th  a median expression o f  0. In 

p o s t - t r a n s p la n t  ACR b iop s ies  53% were p o s i t i v e  w i th  a median expression o f

1. The p o s t - t r a n s p la n t  ACR group showed s i g n i f i c a n t l y  more expression than 

the  p re - t ra n s p la n t  group where p=0.007. There was no d i f f e re n c e  between the 

p re - t ra n s p la n t  group and the p o s t - t r a n s p la n t  normal group (p=0.091), or 

between the p o s t - t r a n s p la n t  normal group and the p o s t - t r a n s p la n t  ACR group 

(p=0.072).
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7 .3 .7 . Expression of PECAM in renal transplant biopsies

The t is s u e  d i s t r i b u t i o n  and expression o f  PECAM in  a l l  th ree  types o f  

renal t r a n s p la n t  b iopsy was i d e n t i c a l .  No PECAM was found to  be present on 

renal tubu les  on any b iopsy. A l l  b iop s ies  expressed PCAM on in te r t u b u la r  

endothel ium, g lom eru l i  and la rg e  blood vesse ls ,  w i th  a median s ta in in g  

in t e n s i t y  o f  3-4 . There was no d i f f e re n c e  in  s ta in in g  i n t e n s i t y  between 

p r e - t ra n s p la n t ,  p o s t - t r a n s p la n t  normal o r  p o s t - t r a n s p la n t  acute c e l l u l a r  ' 

r e je c t io n  b io p s ie s .

7 .4 .  Expression o f  E -s e le c t in  on p o s t - t r a n s p la n t  b io p s ie s  taken e i t h e r  

e l e c t i v e l v  o r  f o r  g r a f t  dy s fu n c t io n

7 .4 .1  I n t ro d u c t io n

In the prev ious  sec t io n  i t  was shown th a t  E -s e le c t in  expression is  

ve ry  low in  both p r e - t ra n s p la n t  and p o s t - t r a n s p la n t  normal b iop s ies  but i s  

s i g n i f i c a n t l y  increased on the i n te r t u b u la r  endothelium in  p o s t - t r a n s p la n t  

acute c e l l u l a r  r e je c t io n  b iop s ies  { f i g  7.13, p222). To in v e s t ig a te  f u r t h e r  

the  va lue o f  E -s e le c t in  as a t i s s u e  marker f o r  acute r e je c t io n ,  i t ' s  

expression on the  renal i n t e r t u b u la r  endothelium o f  122 b iop s ies  o f  

po s t - re n a l t r a n s p la n t  renal a l l o g r a f t s  was s tud ied .  These b iop s ies  were 

taken from 70 p a t ie n ts  both as a r e s u l t  o f  g r a f t  dy s fu n c t io n  and as p a r t  o f  

a ro u t in e  g r a f t  s u rv e i l la n c e  programme. The r e s u l t s  o f  the  two groups have 

been analysed s e p a ra te ly .

7 .4 .2 .  Results  o f  E -s e le c t in  express ion in  b io p s ie s  taken f o r  d y s fu n c t io n a l  

a n a ly s is .

The r e s u l t s  o f  E -s e le c t in  expression on the in te r t u b u la r  endothel ium 

o f  b iop s ies  taken f o r  d y s fu n c t io n a l  an a ly s is  is  shown in  ta b le  7 .1 ,  (p228). 

D e ta i ls  o f  those p a t ie n ts  b iops ied  are shown in  appendix C (p243-247).
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Seventy-seven b io p s ie s  were obta ined in  t o t a l .  42% showed 

h i s to lo g ic a l  changes c o n s is te n t  w i th  acute c e l l u l a r  r e je c t io n  and o f  these 

88% were E -s e le c t in  p o s i t i v e .  23% showed acute t u b u la r  necros is  and o f  

these 72% were E -s e le c t in  p o s i t i v e .  8% o f  the b iop s ies  showed ch ron ic  

a l l o g r a f t  r e je c t io n  and o f  these 4/6 (67%) were p o s i t i v e  f o r  E -s e le c t in .

Two o f  the b iop s ies  (3%) were repor ted  as h i s t o l o g i c a l l y  normal and both 

were E -s e le c t in  nega t ive .  25% o f  the  b iop s ies  were c la s s i f i e d  as o ther  

diagnoses and 63% o f  these were E -s e le c t in  p o s i t i v e .  The h i s to lo g ic a l  

diagnoses o f  t h i s  group i s  shown in  appendix A, ta b le  A3 (p233), the 

m a jo r i t y  showing v a ry ing  degrees o f  ch ro n ic  i n t e r s t i t i a l  f i b r o s i s .

7 .4 .3 .  Results  o f  E -s e le c t in  express ion in  b io p s ie s  taken f o r  ro u t in e  

a n a ly s is .

As p a r t  o f  a ro u t in e  g r a f t  s u rv e i l la n c e  programme f o r  m on ito r in g  o f  

renal a l l o g r a f t s  i t  was po s s ib le  to  examine the expression o f  E -s e le c t in  on 

45 b iop s ies  where no c l i n i c a l  evidence o f  g r a f t  d y s fu nc t ion  e x is te d .

D e ta i ls  o f  the p a t ie n ts  from whom b io p s ie s  were taken are a lso  shown in  

appendix C (p243-247).

The r e s u l t s  o f  t h i s  group are shown in  ta b le  7.2 (p228). 58% o f  the 

b iop s ies  were repor ted  h i s t o l o g i c a l l y  to  be normal and o f  these 19% were 

E -s e le c t in  p o s i t i v e .  One biopsy showed acute t u b u la r  necros is  and one 

ch ro n ic  a l l o g r a f t  r e je c t io n ,  n e i th e r  o f  which were E -s e le c t in  p o s i t i v e .  20% 

o f  the b iop s ies  showed fe a tu re s  c o n s is te n t  w i th  acute c e l l u l a r  r e je c t io n  

and 78% were E -s e le c t in  p o s i t i v e  d e sp i te  the absence o f  any c l i n i c a l  

susp ic ion  o f  t h i s  d iag nos is .  As in  the  d y s fu nc t ion  group th e re  were a 

number o f  o th e r  diagnoses, 18%, o f  which most showed c h ro n ic  i n t e r s t i t i a l  

f i b r o s i s  (see appendix A, ta b le  A2, p233), and amongst which 38% were 

E -s e le c t in  p o s i t i v e .

O vera l l  74% o f  b iop s ies  taken f o r  d y s fu nc t ion a l  a n a ly s is  were
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E -s e le c t in  p o s i t i v e  ag a ins t  33% o f  ro u t in e  b io p s ie s .

7 .4 .4 .  Biochemical and haernatological p r o f i l e  o f  p a t ie n t  groups.

The mean blood c r e a t in in e  le v e ls  in  the  p o s t - t r a n s p la n t  normal group 

was 147.9 umol\L (normal range 60-120 um ol\L ) .  This  was s i g n i f i c a n t l y  lower 

than the  acute tu b u la r  necros is  group (mean 533 umol\L, p<0.05),  and the 

acute c e l l u l a r  r e je c t io n  group (mean 286 umol\L, p<0.05),  but not the 

ch ro n ic  r e je c t io n  group (mean 353 umol\L) o r  the  o the r  d iagnos is  group 

(mean 239.4 u m o l \L ) .

The mean blood urea le v e ls  in  the p o s t - t r a n s p la n t  normal group was 

10.3 mmol\L (normal range 2 .5 -6 .5  mmol\L). This  was s i g n i f i c a n t l y  lower 

than the  acute tu b u la r  necros is  group (mean 26.9 mmol\L, p<0.05),  and the 

acute c e l l u l a r  r e je c t io n  group (mean 17.4 mmol\L, p<0.05),  but not the 

c h ro n ic  re je c t io n  group (mean 17.3 mmol\L) or the o th e r  d iagnos is  group 

(mean 14.5 mmol\L).

The mean blood w h ite  c e l l  count in  the  p o s t - t r a n s p la n t  normal group 

was 8.6x 10®\L (normal range 4-12 10^\L). Th is  was s i g n i f i c a n t l y  lower than 

the acute t u b u la r  necros is  group (mean 11.7x10®\L, p<0.05),  and the  acute 

c e l l u l a r  r e je c t io n  group (mean 11.9x 1o\ l , p<0.05), bu t not the  ch ro n ic  

r e je c t io n  group (mean 7.5 mmo10®\L) o r  the o ther  d iagnos is  group (mean 9.7 

10®mmol\L).

7 .5 .  A na lys is  o f  E -s e le c t in  express ion verses CD4 express ion in  post renal 

t r a n s p la n t  b io p s ie s

7 .5 .1 .  In t r o d u c t io n .

In s e c t io n  7 .4  i t  was shown th a t  the  expression o f  E -s e le c t in ,  

a l though e leva ted in  episodes diagnosed as acute c e l l u l a r  r e je c t io n ,  was 

a lso  e levated du r ing  o th e r  episodes o f  a l l o g r a f t  d y s fu n c t io n .  C e l lu la r
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i n f i l t r a t i o n  in to  the  kidney i s  a major component o f  acute c e l l u l a r  

r e je c t io n  and so the  r e la t io n s h ip  between E -s e le c t in  expression and 

lymphocyte con tent  w i th in  the g r a f t  b iopsy might be more in fo rm a t iv e  and 

more h e lp fu l  in  the  d iagnos is  o f  acute c e l l u l a r  r e je c t io n .  The 

p o s t - t r a n s p la n t  b iop s ies  in  s e c t io n  7 .4  were th e re fo re  examined f o r  

E -s e le c t in  expression and CD4 p o s i t i v e  con ten t .  B iops ies  were grouped by 

h i s to lo g ic a l  d iagnos is  i r r e s p e c t iv e  o f  whether they were taken f o r  

d y s fu nc t ion  or ro u t in e  s u rv e i l l a n c e .  The groups were c la s s i f i e d  as normal, 

acute c e l l u l a r  r e je c t io n ,  ch ro n ic  r e je c t io n  or acute tu b u la r  nec ros is .

7 .5 .2 .  Results

The c o r r e la t io n  o f  E -s e le c t in  i n t e n s i t y  t o  the  magnitude o f  the  CD4 

p o s i t i v e  i n f i l t r a t e  i s  shown in  ta b le s  7 .3 -7 .6  (p229-230).

Table 7.3 shows the r e s u l t s  f o r  those b iop s ies  repor ted  as 

h i s t o l o g i c a l l y  normal, e igh ty -o ne  percen t o f  b iop s ies  were nega t ive  

a l though 35% had small numbers o f  i n f i l t r a t i n g  CD4 p o s i t i v e  T lymphocyte 's .  

Over h a l f  (54%) o f  a l l  normal b io p s ie s  had some le v e l  o f  CD4 p o s i t i v e  

lymphocyte c o n ten t ;  however, both E -s e le c t in  s ta in in g  i n t e n s i t y  and CD4 

con tent  were g e n e ra l ly  low, w i th  a l l  b iop s ies  having a combined 

E-se lec t in /C D4 in t e n s i t y  o f  2 or le ss .

Table 7.4 shows the r e s u l t s  f o r  those b iops ies  reported  

h i s t o l o g i c a l l y  as acute c e l l u l a r  r e je c t io n .  Three b io p s ie s  could not be 

s ta ined  f o r  CD4 because o f  te c h n ic a l  d i f f i c u l t i e s  leav ing  38 f o r  a n a ly s is .  

80% were p o s i t i v e  f o r  both E -s e le c t in  and CD4, 3% were nega t ive  f o r  both 

an t igens  and the  remainder (17%) were CD4 p o s i t i v e  but E -s e le c t in  nega tive .  

Over h a l f  (52%) o f  the b iop s ies  showed a score o f  2 or more w i th  both CD4 

and E -s e le c t in .

Table 7.5 shows the r e s u l t s  f o r  those b iops ies  reported  

h i s t o l o g i c a l l y  as ch ro n ic  r e je c t io n .  A lthough on ly  a small number were
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a v a i la b le ,  o f  the b io p s ie s  diagnosed as ch ron ic  re je c t io n  78% were p o s i t i v e  

f o r  both E -s e le c t in  and CD4, none were nega tive f o r  both an t igens and the 

remainder (22%) were p o s i t i v e  f o r  CD4 a lone. Over h a l f  o f  the b iop s ies  

scored 2 or more.

Table 7.6 shows the r e s u l t s  f o r  those b iop s ies  repor ted  

h i s t o l o g i c a l l y  as acute tu b u la r  ne c ro s is .  73% were both E -s e le c t in  and CD4 

p o s i t i v e .  16% were nega tive  f o r  both an t igens and the remain ing 11% were 

CD4 p o s i t i v e  but E -s e le c t in  nega t ive .  In the acute tu b u la r  necros is  group 

th e re  were a g re a te r  number t h a t  had a combined E -se lec t in /C D4 i n t e n s i t y  o f  

g re a te r  than 2 (32%) compared to  normal t ra n s p la n t  b io p s ie s .

F igure 7.26 (p231), shows a c o r r e la t io n  o f  E -s e le c t in  and CD4 

i n f i l t r a t e  in  the  p o s t - t r a n s p la n t  b iopsy group taken as a whole. There i s  a 

very  s trong  c o r r e la t io n  between in t e n s i t y  o f  E -s e le c t in  expression and CD4 

p o s i t i v e  c e l l  i n f i l t r a t i o n  w i th  Pearson's  c o r r e la t io n  c o e f f i c i e n t  r=0.728 

and p<0.001 (Students t - t e s t ) .

7 .6 .  Conclusions.

1. In p re - t ra n s p la n t  b io p s ie s  E -s e le c t in  was found on ly  o c c a s io n a l ly  

on the  ITE and not on o the r  renal s t ru c tu re s .  VCAM was expressed moderate ly  

on tubu les  and g lom eru l i  and very  weekly on ITE and la rge  vesse ls .  ICAM-1 

was expressed s t ro n g ly  on g lom eru l i  and ITE, and moderate ly  on tubu les  and 

la rg e  vesse ls .  HLA c la ss  1 was s t ro n g ly  expressed on g lo m e ru l i ,  ITE and 

la rg e  vesse ls but not a t  a l l  on tu b u le s .  HLA c lass  2 was weekly expressed 

on g lo m e ru l i ,  ITE and la rg e  vesse ls  and very weekly on tu b u le s .  There was a 

week or very week c e l l u l a r  i n f i l t r a t e  w i th in  the b io p s ie s .

2. In p o s t - t r a n s p la n t  normal b io p s ie s  ant igen expression was very 

s im i l a r  to  t h a t  seen in  p re - t ra n s p la n t  b io p s ie s .  The on ly  except ion  was in  

ICAM-1 expression on tubu les  which was s i g n i f i c a n t l y  decreased in  the
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p o s t - t r a n s p la n t  normal b io p s ie s .

3. In p o s t - t r a n s p la n t  ACR b io p s ie s  E -s e le c t in  expression was 

s i g n i f i c a n t l y  increased on ITE compared to  the o ther  two groups, and on 

la rg e  vesse ls compared to  p o s t - t r a n s p la n t  normal b io p s ie s .  VCAM and HLA 

c lass  1 expression was s i g n i f i c a n t l y  increased on tub u le s  compared to  the 

o th e r  two groups. ICAM-1 expression was s i g n i f i c a n t l y  increased on tubu les  

and la rge  vesse ls compared to  post t ra n s p la n t  normal b io p s ie s .  HLA c lass  2 

expression was decreased compared to  both o ther  groups. A l l  an t igens  on the  

c e l l u l a r  i n f i l t r a t e  were s i g n i f i c a n t l y  increased over both o ther  groups 

except IL-2R which was s i g n i f i c a n t l y  increased over p re - t ra n s p la n t  b iop s ies  

o n ly .

4 In b iop s ies  taken f o r  assessment o f  dy s fu n c t io n ,  E -s e le c t in  was 

expressed more f re q u e n t ly  on ITE than on b iops ies  taken f o r  ro u t in e  

a n a ly s is .  A lthough E -s e le c t in  tended to  be expressed more s t ro n g ly  on ACR 

b iop s ies  i t  was a lso  expressed in  o th e r  forms o f  a l l o g r a f t  dy s fu n c t io n .

5 .A na lys is  o f  the  r e la t io n s h ip  between E -s e le c t in  and CD4 showed 

t h a t  in  b iop s ies  showing acute c e l l u l a r  r e je c t io n  the  combined expression 

tended to  be h ighe r  than f o r  o th e r  diagnoses but was not s i g n i f i c a n t l y  

h igher  p a r t i c u l a r l y  w i th  respect to  the  acute t u b u la r  necros is  group.

6. For the  p o s t - t r a n s p la n t  group as a whole the re  was a s ig n i f i c a n t  

c o r r e la t io n  between E -s e le c t in  express ion and CD4 c e l l u l a r  i n f i l t r a t e .
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Plate 7.1 Pre-transplant renal allograft biopsy showing E-selectin

expression. Staining intensity 1.
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Plate 7.2 Pre-transplant renal allograft biopsy showing T-4 expression.

Staining intensity 3. (same patient as plate 7 ,1)
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Plate 7.3 Post-transplant renal allograft biopsy showing E-selectin

expression in a rejecting allograft. Staining intensity 2
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Plate 7.4 Post-transplant renal allograft biopsy showing T-4 expression.

Staining intensity 4. (same patient as plate 7.3)
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Plate 7.5 Post-transplant renal allograft biopsy showing HLA Class 2 DR

expression. Staining intensity 3.
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Plate 7.6 Post-transplant renal allograft biopsy showing VCAM expression.

Staining intensity 3.

- S a

%WM

210



Plate 7.7 Post-transplant renal allograft biopsy showing E-selectin

expression in a rejecting allograft. Staining intensity 2. ■
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Plate 7.8 Post-transplant renal allograft biopsy showing T-8 expression in a

rejecting allograft (same patient as plate 7 .7). Staining intensity 3.
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Plate 7.9 Post-transplant renal allograft biopsy showing T-4 expression in a

rejecting allograft (same patient as plate 7 .7 ). Staining intensity 4.

rfigSÊÊBBR

I ' # «

213



Plate 7.10 Post-transplant renal allograft biopsy showing HLA Class 1 ABC

common expression. Staining intensity 4.
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Plate 7.11 Post-transplant renal allograft biopsy showing PECAM expression.

Staining intensity 4.
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Plate 7.12 Post-transplant renal allograft biopsy showing ICAM-1 expression.

Staining intensity 4.
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Plate 7.1 3 Post-transplant renal allograft biopsy showing Cytokeratin

staining. Staining intensity 5.
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Fig 7.1 Class 1 antigen expression in Transplant biopsies-Tubules
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Fig 7.2 Class 2 antigen expression in Transplant biopsies-Tubules
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Fig 7.3 E-Selectin antigen expression in Transplant biopsies-Tubules 
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Fig 7.4 VCAM antigen expression in Transplant biopsies-Tubules
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Fig 7.5 ICAM antigen expression in Transplant biopsies-Tubules
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Fig 7 .6  Class 1 antigen expression in Transplant biopsies-Glomeruli
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Fig 7.7 Class 2 antigen expression in Transplant biopsies-Glomeruli
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Fig 7.8 E-Selectin antigen expression in Transplant biopsies-Glomeruli
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Fig 7 .9  VCAM antigen expression in Transplant biopsies-Glomeruli
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Fig 7.10 ICAM-1 antigen expression in Transplant biopsies-Glomeruli
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Fig 7 .11  Class 1 antigen expression in Transplant biopsies-ITE
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Fig 7 .1 4  VCAM antigen expression in Transplant biopsies-ITE

Staining
Intensity

5-1

4

3

2

1

0

Pre-Transplant Post-Transplant
(Normal)

Post-Transplant
(Rejection)

Fig 7.15 ICAM-1 antigen expression in Transplant biopsies-ITE
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Fig 7 .1 6  Class 1 antigen expression in Transplant biopsies-Large vessels
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Fig 7.17 Class 2 antigen expression in Transplant biopsies-Large vessels
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Fig 7.18 E-Selectin antigen expression in Transplant biopsies-Large vessels 
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Fig 7 .1 9  VCAM antigen expression in Transplant biopsies-Large vessels
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Fig 7.20 ICAM-1 antigen expression in Transplant biopsies-Large vessels
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Fig 7.21 Leucocyte Common antigen expression in Transplant biopsies-Cellular Infiltrate
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Fig 7.22 CD3 antigen expression in Transplant biopsies-Cellular Infiltrate
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Fig 7.23 CD4 antigen expression in Transplant biopsies-Cellular Infiltrate
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Fig 7.24 CD8 antigen expression in Transplant biopsies-Cellular In filtrate
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Fig 7.25 IL-2R antigen expression in Transplant biopsies-Cellular Infiltrate
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Table 7.1 Presence of E-Selectin on Post-transplant kidney biopsies taken for analysis of 
dysfunction .

ilOB-SiL
Report Number

E-Selectin
positive

Intensity of E-Selectin staining 

1 2 3 4 5

Normal 2(3%) 0(0%) - - - - -

ATN 18(23%) 13(72%) 7 4 2 - -

ACR 32(42%) 28(88%) 6 13 7 2 -

CR 6(8%) 4(67%) 1 1 2 - -

Other 19(25%) 12(63%) 8 2 2 - -

Total 77(100%) 57(74%) 22 20 1 3 2 -

Table 7.2 Presence of E-Selectin on Post-transplant kidney biopsies taken electively.

Biopsy. E iS electin  intensity of E-Selectin staining
Eecatt Numb&[ positive

1 2 3 4 5

Normal 2 6 (5 8 % ) 5 (1 9 % ) 4 1 -

ATN 1 (296) 0 (0 % ) 0 - -

ACR 9 (2 0 % ) 7 (7 8 % ) 2 3 2

CR 1 (296) 0 (0 % ) - - -

Other 8 (1 8 % ) 3 (3 8 % ) 3 - -

Total 4 5 (1 0 0 % ) 1 5 (3 3 % ) 9 4 2

n = number of biopsies in each group

ATN = acute tubular necrosis 

ACR = acute cellular rejection 

CR = chronic rejection
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Table 7 .3  Relationship betw een E-Selectin and CD4 staining in tensity in post-transplant
kidney biopsies. Biopsy Report Normal n = 2 6

E-Selectin Intensity (% Qf-blopsies)

Intensity
0 1 2 3 4 5 Total

0 46 - - - - - 46

1 8 - - - - - 8

2 27 1 1 4 - - - 42

3 - - - - - - 0

4 - 4 - - - - 4

S

Total 81 15 4 0 0 0

Table 7.4 Relationship between E-Selectin and CD4 staining intensity in post-transplant 
kidney biopsies. Biopsy Report Acute Cellular Rejection n=38.

E-Selectin Intensity (% of bioDsies)

lotfiflsity
0 1 2 3 4 5 Total

0 3 - - - - - 3

1 3 3 - - - - 6

2 3 3 13 3 - - 21

3 5 10 18 5 3 - 41

4 3 3 - 10 - - 16

5 - - 5 5 3 - 13

Total 17 19 36 23 6 -
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Table 7 .5  Relationship between E-Selectin and CD4 staining intensity in post-transplant
kidney biopsies. Biopsy Report Chronic Rejection n=9-

£04
Intensity

0

1

2

3

4

5

Total

E-Selectin Intensity (% of biopsies)

0

22

22

1

11 

1 1

22

33

33

22

22

Total

11 

66

22

Table 7.6 Relationship between E-Selectin and CD4 staining intensity in post-transplant 
kidney biopsies. Biopsy Report Acute Tubular Necrosis n=18.

E-Selectin Intensity (% of biopsies)

O H
Intensity

0 1 2 3 4 5 Total

0 16 - - - - - 16

1 - 5 - - - - 5

2 - 10 5 - - - 15

3 11 16 16 11 - - 54

4 - 5 - 5 - - 10

5 - - - - - - -

Total 27 36 21 16 0 0
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Fig 7 .2 6  S c a tte r  plot o f E-Selectin and CD4 Expression in po st tranp lan t biopsies.

CD4
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1
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Regression line of CD4 (y) vs. E-Selectin (x): 

y = 0.942 + 0.837X

Pearson's Correlation Co-efficient: r = 0 .728*

*Significance test of correlation because n>60. 
Students t-test; t = l l .4 : therefore p<0.001
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Appendix A

Details of pre-transplant and post-transplant biopsies.

Table A.l Donors details of kidneys from which pre-transplant kidney biopsies were taken 
along with transplant recipient details.

Recipient Date of Donor Donor Cause of Drugs at Retrieval 
number Transplant Type 4ge Death

Infection

1 15.1.92 LRD 43 - - -

2 18.6.92 CD 29 Asthma Dopamine,Dobutamine,DDVAP -

3 10.6.93 CD 45 SAH Adrenaline, DDVAP, GTN -

4 28.7.92 CD 49 RTA-HI DDVAP -

5 24.12.91 CD 19 RTA-HI DDVAP, Prochlorperazine -

6 31.8J91 CD 27 ICH Dopamine -

7 17.11.91 CD 14 RTA-HI Dopamine,Dobutamine,DDVAP -

8 27.12.91 CD 55 SAH Dopamine -

9 14.1.92 CD 21 ICH - -

10 23.11.91 CD 37 ICH Dopamine,Dobutamine,DDVAP -

11 4.10.91 CD 37 ICH Dopamine -

12 29.8.91 CD 25 ICH DDVAP -

13 20.8.92 CD 47 0 \ Dobutamine -

14 31.12.91 CD 30 HI - -

15 24.12.91 CD 53 RTA-HI Dopamine,DDVAP,Labetalol -

16 13.8.93 CD 67 ICH Dopamine,Verapamil -

17 16.2.92 CD 20 RTA-HI Dopamine -

18 13.9.91 CD 45 ICH Dopamine,DDVAP -

19 9.7.93 CD 29 Asthma DDVAP,Phenytoin,Insulin -

20 26.3.92 CD 57 SAH Dopamine -

21 24.8.91 CD 53 RTA-HI Dopamine,Dobutamine -

22 24.8.91 CD 48 SAH - -

23 31.8/31 CD 27 ICH Dopamine -

Legend

LRD= Living Related Donor, CD= Cadaver 
SAH= Sub-Arachnoid Haemorrhage, RTA=

Donor
Road Traffic Accident, Hl= Head Injury,

ICH= Intra-Cranial Haemorrhage, CA= Cardiac Arrest. 
DDAVP= Desmopressin 
GTN= Glyceryl Trinitrate
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Appendix B

Details of Antigen expression on Pre and Post-Transplant Biopsies.

Table B.l Antigen Expression on Pre-Transplant Biopsies: Tubules (n=16)

0 1 2 3 4 5

Class 1 15 - - - 1 -

94% - - - 6% -

Class 2 10 3 3 _ — -

62% 19% 19% - - -

E-Selectin 15 1 - - - -

94% 6% - - - -

PCAM 16 - - - - -

100% - - - - -

VCAM 4 1 7 3 1
25% 6% 44% 19% 6% -

ICAM 7 - 4 4 1 -

44% - 25% 25% 6%

Table B.2 Antigen Expression on Pre-Transplant Biopsies: Glomeruli (n=16)

0 1 2 3 4 5

Class 1 - - - 3 13 -

- - - 19% 81% -

Class 2 1 1 8 6 — -

6% 6% 50% 38% - -

E-Selectin 15 - 1 - — -

94% - 6% - - -

PCAM — - — 4 12 -

- - - 25% 75% -

VCAM _ _ 7 6 3 -

- - 43% 38% 19% -

ICAM _ _ - 4 1 2 -

- - - 25% 75% -
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Table B.3 Antigen Expression on Pre-Transplant Biopsies: ITE (n = 1 6 )

0 1 2 3 4 5

Class 1 - - - 5 1 1 -

- - - 31% 69% -

Class 2 1 - 9 6 - -

6% - 56% 38% - -

E-Selectin 17 1 4 1 -

( n -2 1 ) 74% 4% 18% 4% - -

PCAM _ -» - 2 14 -

- - - 1 2% 88% -

VCAM 10 _ 5 1 - -

62% - 32% 6% - -

ICAM - _ 2 8 6 -

- - 12% 50% 38%

Table B.4 Antigen Expression on Pre-Transplant Biopsies: Large Vessels (n=15)

0 1 2 3 4 5

Class 1 1 - 4 6 4
6% - 27% 39% 27% -

Class 2 2 - 1 1 2 - -

14% - 72% 14% - -

E-Selectin 13 - - 2 - -

87% - - 13% - -

PCAM - 1 4 10 -

- - 7% 27% 66% -

VCAM 10 1 2 2 - -

62% 7% 14% 14% - -

ICAM _ 1 8 4 2 -

- 7% 52% 27% 14%
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Table B .5 A ntigen Expression on Pre-Transplant Biopsies: Cellular In filtra te  (n = 1 4 )

0 1 2 3 4 5

Leu Common 3 3 6 2 - -

21% 21% 43% 15% - -

CD3 4 2 8 - - -

28% 15% 57% - - -

CD4 10 8 3 - - -

(n -2 3 ) 48% 38% 14% - - -

CD8 13 1 7 - - —

(n -2 1 ) 62% 5% 33% - - "

IL-21^ 13 - - - - -
100%
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Table B.6 Antigen Expression on Normal Post-Transplant Biopsies: Tubules (n = 1 3 )

0 1 2 3 4 5

Class 1 1 1 1 1 - -

85% 7% 7% - - -

Class 2 10 - 1 2 - -

78% - 7% 15% - -

E-Selectin 13 . - - - -

100% - - - - -

PCAM 13 - - - -

100% - - - - -

VCAM 4 3 3 3 - -

31% 23% 23% 23% - -

ICAM 12 - 1 - - -

44% - 7%

Table B.7 Antigen Expression on Normal Post-Transplant Biopsies: Glomeruli (n=10)

0 1 2 3 4 5

Class 1 - - - 3 7 -

- - - 30% 70% -

Class 2 - - 10 — - -

- - 100% - - -

E-Selectin 10 - - _ - -

100% - - - - -

PCAM - - 1 3 6 -

- - 10% 30% 60% -

VCAM 1 _ 4 4 1
10% - 40% 40% 10% -

ICAM 1 _ _ 4 5 _

10% - - 40% 50% -
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Table B .8 A ntigen Expression on Normal Post-Transplant Biopsies: ITE (n = 1 3 )

0 1 2 3 4 5

Class 1 - - 1 6 6 -

- - 8% 46% 46% -

Class 2 1 - 9 3 - -

8% - 69% 23% - -

E-Selectin 11 2 _ - - -

86% 14% - - - -

PCAM — - 1 6 6 -

’ - - 8% 46% 46% -

VCAM 11 - 2 _ _ -

86% - 14% - - -

ICAM - . 2 8 3 .

- - 14% 62% 23% -

Table B.9 Antigen Expression on Normal Post-Transplant Biopsies: Large Vessels (n=10)

0 1 2 3 4 5

Class 1 - - 2 5 3 -

- - 20% 50% 30% -

Class 2 1 - 7 2 -

10% - 70% 20% - -

E-Selectin 9 1 _ - - -

90% 10% - - - -

PCAM - - 1 3 6
- - 10% 30% 60% -

VCAM 8 2 - -

80% - 20% - - -

ICAM - - 3 7 - _

30% 70% - -

2 3 7



Table B .IO  Antigen Expression on Normal Post-Transplant Biopsies: Cellular In filtrate
( n = 1 3 )

0 1 2 3 4 5

Leu Common 5 1 5 2 - -

38% 8% 38% 16% - -

CD3 5 1 7 - - -

38% 8% 54% - - -

CD4 6 2 5 » - -

46% 16% 38% - - -

CD8 5 2 6 . — -

38% 16% 46% - - -

IL-2R 10 2 1 - - -

77% 16% 7% -

2 3 8



Table B.11 Antigen Expression on Post-Transplant Biopsies (Acute rejection): Tubules 
(n -1 5 )

0 1 2 3 4 5

Class 1 1 1 5 6 2 -

6% 6% 33% 40% 13% -

Class 2 6 2 7 - - -

40% 13% 47% - - -

E-Selectin 13 1 1 - - -

88% 6% 6% - - -

PCAM 15 - - - - -

100% - - - - -

VCAM _ - 6 6 3 -

- - 40% 40% 20% -

KAM 8 1 2 3 1 -

55% 6% 13% 20% 6%

Table B.12 Antigen Expression on Post-Transplant Biopsies (Acute rejection): Glomerul 
(n = 9 )

0 1 2 3 4 5

Class 1 1 - - 2 6 -

11% - - 22% 66% -

Class 2 4 1 4 - _ -

44% 12% 44% - - -

E-Selectin 9 * - - - -

100% - - - - -

PCAM - _ 3 6 -

- - - 33% 67% -

VCAM 1 - 4 4 - -

11% - 44% 44% - -

ICAM . - 2 5 2 -

- - 22% 56% 22%
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Table B .13 Antigen Expression on Post-Transplant Biopsies (A cu te  re jection): ITE (n = 1 5 )

0 1 2 3 4 5

Class 1 _ - - 7 8 -

- - - 47% 53% -

Class 2 . - 7 7 1 -

- - 47% 47% 6% -

E-Selectin 3 3 8 1 - »

20% 20% 54% 6% - -

PCAM - - - 5 10 -

- - - 33% 67% -

VCAM 1 1 1 3 - - -

74% 6% 20% - - -

ICAM _ - 2 5 8 -

- - 13% 33% 54% -

Table B.14 Antigen Expression on Post-Transplant Biopsies (Acute rejection): Large 
vessels (n=14)

0 1 2 3 4 5

Class 1 — - <- 7 7 -

- - - 50% 50% -

Class 2 4 - 6 3 1 -

29% - 43% 21% 7% -

E-Selectin 7 2 4 1 - -

50% 14% 29% 7% - -

PCAM - - _ 4 10 _

- - - 29% 71% -

VCAM 8 1 5 - - -

58% 7% 35% - - -

ICAM . - 3 8 3 -

- 21% 58% 21% -
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Table B .1 5 A ntigen Expression on Post-Transplant Biopsies (A cu te  re jec tion ): Cellular
In filtra te  (n = 1 5 )

0 1 2 3 4 5

Leu Common _ - 5 8 2 -

- - 33% 55% 1 2% -

CD3 — - 3 10 2 -

- - 20% 67% 13% -

CD4 - - 6 9 . —

- - 40% 60% - -

CD8 1 1 8 5 - -

6% 6% 55% 33% - -

IL-2R 7 2 6 - - -

47% 13% 40% - - -
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Table A .2  O ther Diagnoses in Routine Biopsies

Intensity
Staining

Biopsy Number Diagnosis E-Selectin CD4

15 Mild Interstitial Fibrosis 0 3
37 Mild chronic Fibrosis 0 0
97 Cyclosporin Toxicity 0 2
103 Mild Interstitial Fibrosis 0 0
110 Mild Interstitial Oedema 1 1
111 Mild Interstitial Fibrosis 0 0
116 Mild Interstitial Fibrosis 1 2
119 Moderate Interstitial Fibrosis 1 3

Table A 3 Other Diagnoses in Diagnostic Biopsies

Biopsy Number Diagnosis E-Selectin CD4

9 Mild Interstitial Fibrosis 1 1
20 Chronic Interstitial Fibrosis 1 3
31 Mild Interstitial Fibrosis 1 4
33 Acute Pyelonephritis 0 0
36 Mild Chronic Fibrosis 1 3
38 Cyclosporin Toxicity 0 2
40 Cyclosporin Toxicity 1 2
46 Severe Chronic Fibrosis 2 4
50 Severe Chronic Fibrosis 2 2
53 Moderate Interstitial Fibrosis 0 1
56 Mild Chronic Fibrosis 1 3
58 Interstitial Fibrosis 1 3
70 Chronic Fibrosis 0 1
75 Interstitial Fibrosis 1 3
80 Severe Interstitial Fibrosis 0 0
96 Cyclosporin Toxicity 0 0
100 Severe Interstitial Fibrosis 3 4
112 Mild Interstitial Fibrosis 3 3
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CHAPTER 8 

DISCUSSION

8.0 Introduction

The concept o f  the e n d o th e l ia l  c e l l  as a dynamic re g u la to r  o f  i t s  own 

in te r a c t io n  w i th  leucocytes i s  a recent one. As l i t t l e  as 20 years ago the 

endothel ium was seen as pass ive in  the  genera t ion  o f  the  in f lammatory 

response, a c t in g  s o le ly  as a semi-permeable membrane. The development o f  

the  techn ique o f  human u m b i l i c a l  ve in  e n d o th e l ia l  c e l l  c u l tu r e  in  the  e a r ly  

1980s al lowed the  f u n c t io n a l  c a p a c i ty  o f  e n d o th e l ia l  c e l l s  to  be s tud ied .  

I n i t i a l l y  e n d o th e l ia l  c e l l s  were found to  express MHO Class I  an t igens  and 

l a t e r  to  express MHC Class I I  an t igens  under s t im u la t io n  by the  c y tok in e  

I n t e r f e r o n - g . The d iscove ry  o f  e n d o th e l ia l  c e l l  adhesion molecules such as 

E -S e lec t in  and ICAM-I, a l l i e d  w i th  the  prev ious d iscove ry  o f  adhesion 

molecules expressed by leucocy tes ,  a l lowed the d e f i n i t i o n  o f  a r o le  f o r  

e n d o th e l ia l  c e l l s  in  the  genera t ion  o f  the in f lammatory  response.

Despite the  c h a ra c te r i s a t io n  o f  adhesion molecules and t h e i r  

s t ru c tu re s  much i s  unknown about the  p re c ise  in te r a c t io n  o f  the  d i f f e r e n t  

adhesion molecule fa m i l i e s  in  the  modulation o f  the  in f lam m atory  response. 

The im portan t  r o le  o f  cy tok ines  in  the re g u la t io n  o f  adhesion molecule 

expression du r ing  d i f f e r e n t  types o f  in f lam m ation has been shown i n  v i t r o ,  

bu t the  c o m p le x i t ie s  o f  in f lam m ation  i n  v ivo  make e lu c id a t io n  o f  c e l l - c e l l  

adhesion molecule in te r a c t io n s  very  d i f f i c u l t .  W h i ls t  in  v ivo  work using 

animal models can help e s ta b l is h  l i n k s  between adhesion molecule expression 

and in f lam m at ion the d i f fe re n c e s  in  immune mechanisms between species makes 

t r a n s f e r  o f  t h i s  knowledge to  a c l i n i c a l  s i t u a t io n  d i f f i c u l t .  I n  v i vo  

work in  humans is  p rob lem at ic  and th e re fo re  es tab l ishm en t o f  r e l i a b le  in  

v i t r o  models i s  necessary to  s tudy in te r a c t io n s  o f  human adhesion molecule

248



systems e f f e c t i v e l y  .

The aim o f  t h i s  s tudy was f i r s t  to  e s ta b l is h  a r e l i a b le  method o f  

o b ta in in g  HUVECs f o r  in v i t r o  q u a n t i f i c a t io n  o f  adhesion molecule 

express ion,  secondly to  e s ta b l i s h  a method f o r  q u a n t i t a t i v e  measurement o f  

PMN-HUVEC adhesion, and t h i r d l y  examine in  v iv o  adhesion molecule 

expression in  renal t r a n s p la n t  b io p s ie s .  These methods were combined in  an 

examination o f  adhesion molecule expression and PMN a c t i v a t io n  in  normal 

in d iv id u a ls ,  haemodia lys is  p a t ie n ts  and renal t r a n s p la n t  p a t ie n ts .

8.1 Estab lishment o f  Primary c u l tu r e s  o f  human e n d o th e l ia l  c e l l s

The pr im ary  c u l tu r e  o f  e n d o th e l ia l  c e l l s  i s  p re fe r re d  to  the  long 

term c u l tu r e  o f  e n d o th e l ia l  c e l l  l i n e s  because o f  the  p o te n t ia l  loss  o f  

fu n c t io n  o f  c e l l s  a f t e r  repeated s u b -c u l tu re .  Sources o f  e n d o th e l ia l  c e l l s  

used in  prev ious work in c lud e  bovine ao r ta  (excluded because o f  i t s  

non-human n a tu re ) ,  human u m b i l i c a l  ve ins ,  human omentum and sec t ions  o f  

human ve ins obta ined a f t e r  vascu la r  surgery .  I t  was decided to  use human 

u m b i l i c a l  ve ins  as the  source o f  e n d o th e l ia l  c e l l s  because o f  t h e i r  ease o f  

a v a i l a b i l i t y  compared w i th  o th e r  human sources which r e l y  on s u rg ic a l  

procedures and c u l tu r e  techniques which have been p re v io u s ly  we l l  

cha ra c te r is e d .

Human u m b i l ic a l  cords were c o l le c te d  from the M a te rn i ty  U n it  a t  the 

Le ic e s te r  General H osp ita l  as p re v io u s ly  described (Chapter 3 ) ,  t h i s  was 

made eas ie r  by the f a c t  t h a t  the  m a te rn i ty  u n i t  i s  lo ca ted  ad jacent to  the 

Dept o f  Surgery la b o r a to r ie s .  F o l low ing  the  p ro to co l  descr ibed in  Chapter 

3 successfu l p r im ary  i s o la t i o n  o f  e n d o th e l ia l  c e l l s  was achieved from 

approx im ate ly  75% o f  cords processed. These c e l l s  were grown to  conf luence 

and when c h a rac te r ised  (Sec t ion  3 .4 )  were shown to  be pure e n d o th e l ia l  

c e l l s  w i th o u t  con tam inat ing  f i b r o b l a s t s .
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8.2  I n  v i t r o  assay o f  e n d o th e l ia l  c e l l  response to  s t im u l i .

The range o f  s t im u l i  used on HUVECs in  these experiments was

in f lue nced  by the need to  s im u la te  c o n d i t io n s  found in  renal f a i l u r e  and 

renal t r a n s p la n t  p a t ie n ts .  A range o f  s t im u la to ry  cy tok in es  was used, as 

w e l l  as immunosuppressive drugs and urea to  determine the  r e l a t i v e  e f f e c t s  

o f  these fa c to r s  on adhesion molecule expression in  these p a t ie n t  groups. 

There were two a v a i la b le  methods to  determine adhesion molecule expression 

in  the HUVEC l i n e s  e i t h e r  immunocytochernistry using m icroscop ic  examination 

o f  s ta in ed  s l id e s  o r ,  f lo w  cytom etry  us ing c e l l  suspensions la b e l le d  w i th  

f lu o re s c e n t  a n t ib o d ie s .  I t  was decided to  use a f lo w  cytometer based 

method because o f  i t s  speed and the improved q u a n t i t a t i v e  na ture  o f  r e s u l t s  

ob ta ined when compared to  the  r e l a t i v e l y  slow and less o b je c t iv e  an a ly s is  

o f  s ta ined  s l id e s .

Examination o f  the  r e s u l t s  show th a t  d i f f e r e n t  cy tok ines  e x e r t  a 

s t im u la to ry  in f lu e n c e  on d i f f e r e n t  e n d o th e l ia l  c e l l  adhesion molecules. 

I n te r f e r o n - g  was shown to  increase expression o f  HLA Class I ,  Class I I  DR 

and ICAM-1 but not E -S e lec t in  or P -S e le c t in .  Th is  suggests t h a t  INF-g i s  

im portan t  in  r e g u la t io n  o f  immune in f lam m at ion  s ince ICAM-1 is  a l ig a n d  f o r  

the  leucocyte  adhesion molecule LFA-1 present on lymphocytes and HLA Class 

I  and I I  are both respons ib le  f o r  an t igen p re s e n ta t io n  to  lymphocytes. The 

optimum c on cen tra t ion  o f  INF-g to  produce t h i s  maximal expression was 

s im i la r  f o r  these molecules, between 500 and 1000 U /m l, suggesting t h a t  

they would be up - reg u la te d  to g e the r  i n  v ivo.  However, the  dose response o f  

c e l l s  in  v i t r o  i s  not an accura te  gu ide to  in v ivo  responses and the  ac tua l 

le v e ls  o f  INF-g which induce u p - re g u la t io n  may be d i f f e r e n t  in v ivo.  The 

t im e course over which t h i s  increased expression occurred was between 48 

and 72 hours. Th is  i s  a r e l a t i v e l y  long pe r iod  and i s  a lso  c o - in c id e n ta l  

w i th  the  a n t ic ip a te d  t im e course one would expect o f  immune mediated 

in f lam m ation .

In c o n t ra s t  to  the r e s u l t s  from INF-g on ly  HUVEC expression o f
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E -S e lec t in  was induced by I L - l b  in  t h i s  in v i t r o  model. E -S e lec t in  i s  a 

l igan d  f o r  recep to rs  on n e u t ro p h i ls ,  monocytes and memory T- lym phocy tes .

The optimum c o n c en tra t ion  o f  I L - l b  was 5 U/ml w i th  maximal expression a t  4 

to  8 hours p o s t - s t im u la t io n .  Again the  p rec ise  dose o f  cy to k in e  may not 

r e f l e c t  the i n  v ivo  environment but the  sho r t  t ime course o f  the response 

would imply t h a t  E -S e lec t in  i s  in vo lve d  in  acute in f lam m ation .  The rap id  

rec ru i tm en t  o f  n e u t ro p h i ls  i n t o  areas o f  acute in f lam m ation is  we ll  

recognised and i t  i s  l i k e l y  t h a t  E -S e lec t in  i s  one o f  the  main mediators o f  

t h i s  response. The f a c t  t h a t  memory T-lymphocytes a lso  use E -S e lec t in  as 

an adhesion recep to r  suggests t h a t  t h i s  may be an im portan t  e a r ly  step in  

the  a c t i v a t io n  o f  the immune in f lam m atory  response.

The immunosuppressive agents te s te d ,  Cyc lospor in  A and 

M ethy lp redn iso lone , d id  not a f f e c t  the  I n te r le u k in  1 s t im u la ted  expression 

o f  E -s e le c t in ,  using t h i s  ra th e r  l im i t e d  assay system. This  po s s ib ly  

suggests th a t  these most commonly used immunosuppressive agents may not 

a l t e r  c e l l  adhesion molecule express ion and th e re fo re  may not be use fu l f o r  

t r e a t in g  the in f lam m atory  process du r ing  a l l o g r a f t  r e je c t io n  a t  the 

adhesion molecule le v e l .  M ethy lp redn iso lone  and Cyc lospor in  A both work by 

a l t e r i n g  lymphocyte fu n c t io n  and as such would not p lay  a ro le  in  a l t e r i n g  

c e l l  adhesion molecule fu n c t io n .  However, the  t a r g e t in g  o f  o ther  agents, 

such as a n t i - c e l l  adhesion molecule a n t ib o d ie s ,  du r ing  a l l o g r a f t  r e je c t io n  

might be expected to  have a b e n e f i c ia l  e f f e c t  on the  course o f  the  immune 

in f lam m atory  process. I t  should be remembered, as noted in  Chapter 4, t h a t  

the  experiments us ing C yc lospo r in  and M ethy lpredn iso lone were ra th e r  

l im i t e d  in  t h e i r  scope and design and cau t ion  should be exerc ised in  over 

i n te r p r e t i n g  t h i s  data.

8 .3  The i n - v i t r o  assay o f  polymorphonuclear c e l l s  t o  e n d o th e l ia l  c e l l s

In Chapter 4 the increased e n d o th e l ia l  c e l l  expression o f  surface
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adhesion molecules a f t e r  cy to k in e  s t im u la t io n  was demonstrated. However 

t h i s  does not g ive  in fo rm a t io n  as to  the  fu n c t io n a l  adhesive p o te n t ia l  o f  

these molecules. To in v e s t ig a te  t h i s  we assayed the  adhesion o f  

polymorphonuclear c e l l s  (PMN) t o  the  e n d o th e l ia l  c e l l  monolayer. Since both 

c e l l  types may a l t e r  t h e i r  adhesiveness f o r  one another i t  was p o s s ib le  to  

in v e s t ig a te  the c o n d i t io n s  under which adhesion might occur.

I t  was es ta b l is h e d  in  Chapter 4 t h a t  E -s e le c t in  expression i s  induced 

by in te r le u k in - 1 .  E -s e le c t in  i s  a l ig a n d  used fo r  b ind ing  by PMN, 

monocytes, and memory T lymphocytes. PMN were used to  in v e s t ig a te  the 

fu n c t io n  o f  E -s e le c t in  in  the in  v i t r o  c u l tu r e  system because o f  the ease 

o f  i s o la t io n  from small volumes o f  b lood. To i s o la t e  monocytes and 

lymphocytes req u ire s  la rg e r  volumes o f  blood and because they can not be 

cu l tu re d  f resh  c e l l s  must be is o la te d  f o r  each assay. I s o la t io n  o f  PMN from 

blood can be performed by the use o f  dextran or d e n s i ty  g ra d ie n t  polymers. 

This g ives a low y ie ld  o f  high p u r i t y  but has the d isadvantage o f  a l t e r i n g  

PMN c e l l  f u n c t io n  and sur face  p ro p e r t ie s .  The d i f f e r e n t i a l  c e n t r i f u g a t i o n  

method was used f o r  PMN is o la t i o n  because abso lu te  c e l l  p u r i t y  was not a 

requirement and because avoidance o f  c e l l  a c t iv a t io n  was im p or tan t .  I t  

re q u ire s  on ly  4 mis o f  b lood, takes le ss  than 30 mins and avoids c e l l  

a c t i v a t io n .  PMN from severa l in d iv id u a ls  can be is o la te d  a t  the  same t im e .

The assay o f  PMN adhesion to  HUVECs can be performed using 

ra d io a c t iv e  chromium la b e l l i n g  o r  Rose Bengal dye. The Rose Bengal dye 

method has the advantage o f  being r e l a t i v e l y  n o n - to x ic  and rap id  to  

perform. The PMN re q u i re  no p re - t re a tm en t  and can be is o la te d  from blood 

and adhesion assayed in  le ss  than one hour m in im is ing the  c e l l  damage due 

to  s torage and process ing .  The Rose Bengal assay showed th a t  HUVECs, 

p re - t re a te d  w i th  cy to k in e s ,  were f u n c t i o n a l l y  more adhesive than non 

p re - t re a te d  c e l l s .  However the  assay g ives a q u a l i t a t i v e  es t im a te  o f  PMN 

adhesion ra th e r  than a q u a n t i t a t i v e  measure o f  the numbers o f  PMN adhering
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to the HUVEC monolayer and th is  lim its  i t ' s  usefulness.

Radio la b e l le d  chromium proved more usefu l than Rose Bengal dye in  

the  assessment o f  PMN adhesion to  HUVECs. The advantages o f  the  assay are 

th a t  i t  g ives a percentage adhesion o f  PMN's to  HUVECs which can be 

reproduced under va ry ing  assay c o n d i t io n s ,  on d i f f e r e n t  days and between 

d i f f e r e n t  in d iv id u a ls .  The disadvantages o f  the assay are the  use o f  

p o t e n t i a l l y  hazardous r a d io a c t iv e  m a te r ia l  and the s i g n i f i c a n t l y  increased 

assay t im e, compared to  Rose Bengal, lead ing  to  the  p o s s i b i l i t y  o f  c e l l  

damage due to  s torage t im e.

The chromium re lease assay demonstrated t h a t  in te r le u k in - 1  s t im u la te d  

HUVECs bind 2-3 t im es as many PMN's as uns t im ula ted HUVECs. The assay 

c o n d i t io n s  in v e s t ig a te d  showed th a t  va ry ing  c o n d i t io n s  cou ld be employed. 

The f i n a l  assay temperature o f  4°C was chosen because the metabo l ic  

fu n c t io n s  o f  both c e l l  types are low a t  t h i s  le v e l  which would a l lo w  the 

assay to  measure e x i s t i n g  adhesion molecules ra th e r  than any p o te n t ia l  new 

adhesion molecule expression t h a t  might occur a t  p h y s io lo g ic a l  

temperatures. At p h y s io lo g ic a l  temperatures the  p o s s i b i l i t y  o f  the HUVECs 

phagocytosing the PMN's e x is t s  and t h i s  would c le a r l y  be a major source o f  

e r r o r  in  the  assay. De novo adhesion molecule expression and phagocytos is  

may be the reason why the re  was ap pa ren t ly  more adhesion o f  PMN's a t  20^0

and 37°C than a t  4°C.

The use o f  PMA to  a c t iv a te  PMN's demonstrates t h a t  any increased 

adhesive p o te n t ia l  o f  PMN's can a lso  be in v e s t ig a te d  us ing t h i s  assay

system. This suggests t h a t  a dynamic s i t u a t io n  e x is ts  i n - v i v o  in  which the

e n d o th e l ia l  c e l l  and the  PMN are v a r ia b ly  adhesive depending on t h e i r  

a c t i v a t io n  s ta te .  Using the  f i n a l  ^Cr assay c o n d i t io n s  i t  was p o ss ib le  to  

produce a normal range o f  PMN adhesion to  HUVECs which showed th a t  

cy to k in e  s t im u la te d  HUVECs b ind almost th ree  times as many PMN's from 

normal sub jec ts  as uns t im u la ted  HUVECs.
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8 .4  E f fe c t  o f  rena l f a i l u r e  and t ra n s p la n ta t io n  on express ion and 

fu n c t io n  o f  adhesion molecules

Using the  ^^Cr re lease assay the  adhesion o f  PMN's from normal 

c o n t ro ls ,  haemodia lys is  p a t ie n ts  and renal t r a n s p la n t  p a t ie n ts  was 

compared. The renal t r a n s p la n t  p a t ie n ts  were f u r t h e r  d iv id e d  in to  those 

w i th  no evidence o f  in f e c t io n  a t  the  t ime o f  sampling and those w i th  

evidence o f  i n fe c t io n  on the day o f  sampling. D e ta i ls  o f  the co n t ro l  group, 

as presented in  Chapter 5, show th a t  these were normal hea l thy  vo lu n te e rs  

and i t  should be emphasised t h a t  w h i l s t  t h i s  p rov ides a re fe rence  group f o r  

normal PMN adhesion i t  does not c o n s t i t u t e  a c o n t ro l  group f o r  d i a l y s i s  or 

renal t ra n s p la n t  p a t ie n ts .  A proper c o n t ro l  group f o r  these groups would 

in c lud e  in d iv id u a ls  on the  same med ica tion  as renal f a i l u r e  p a t ie n ts ,  

w i th o u t  being on d i a l y s i s ,  and those on immunosuppressive agents but not in  

renal f a i l u r e .  Such p a t ie n ts  are d i f f i c u l t  to  r e c r u i t  in  s u f f i c i e n t  numbers 

to  make proper c o n t ro l  groups and because o f  t h i s  the 'normal c o n t ro ls '  

were r e s t r i c t e d  t o  he a l th y  vo lu n te e rs .  As such i t  i s  im poss ib le  t o  say th a t  

the  medication th a t  the  p a t ie n t  groups were ta k in g  d id  not c o n t r ib u te  to  

the  d i f fe re n c e s  seen in  PMN adhesion using t h i s  assay ra th e r  than the 

p a th o lo g ic a l  c o n d i t io n  su f fe re d  by the p a t ie n t .

Using uns t im u la ted  HUVECs PMN's from haemodia lys is  p a t ie n ts  were 

found to  be more adhesive than normal c o n t ro ls .  Th is  may imply a degree o f  

c h ro n ic  a c t i v a t io n  o f  PMN's from haemodia lysis p a t ie n ts  s ince samples were 

c o l le c te d  j u s t  p r i o r  to  d i a l y s i s  (which is  known to  a c t iv a te  PMN's). The 

adhesiveness o f  PMN's immediate ly  post d ia l y s i s  would be in te r e s t in g  to  

measure and would be expected to  be h igher than p r e - d ia ly s i s  because o f  the 

a c t i v a t in g  e f f e c t  t h a t  increased c y to k in e  p roduc t ion  du r ing  the 

haemodia lys is  process has. However, because d i a ly s i s  causes a neutropen ia , 

the  amount o f  b lood req u ire d  to  i s o la t e  enough PMN's to  perform the assay 

would be la rge  and could not be j u s t i f i e d  e t h i c a l l y .
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Haemodia lysis p a t ie n ts  a lso  had PMNs which were more adhesive to  

uns t im ula ted HUVECs than t ra n s p la n t  p a t ie n ts ,  who had no evidence o f  

in f e c t io n ,  suggesting t h a t  renal t r a n s p la n ta t io n  may reverse the a c t iv a te d  

PMN s ta te  seen in  the  d i a l y s i s  p a t ie n t .  However, t ra n s p la n t  p a t ie n ts  w i th  

evidence o f  i n fe c t io n  had PMN's which showed s im i la r  adhesion to  

uns t im u la ted  HUVECs as PMN's from d ia l y s i s  p a t ie n ts  suggesting th a t  

immunosuppressive agents do not to  prevent increased n e u t ro p h i l  adhesion 

du r ing  i n f e c t i v e  ep isodes.

PMN's from t ra n s p la n t  p a t ie n ts  (bu t  not haemodia lys is  p a t ie n ts )  were 

more adherent to  I n te r le u k in - 1  s t im u la te d  HUVECs than PMN's from normal 

c o n t ro ls .  Th is  may suggest t h a t  the PMN's from t ra n s p la n t  p a t ie n ts  have 

increased expression o f  su r face  adhesion molecules t h a t  recognise 

E -s e le c t in  and th e re fo re  are more adherent to  e n d o th e l ia l  c e l l s  which have 

increased E -s e le c t in  express ion.  PMN's from in fe c te d  t ra n s p la n t  p a t ie n ts  

were more adhesive than PMN's from both n o n - in fec ted  t r a n s p la n t  p a t ie n ts  

and haemodia lysis p a t ie n ts  us ing In te r le u k in - 1  s t im u la te d  HUVECs. This 

p robab ly  r e f l e c t s  a general inc rease in  the cy tok in e  environment du r ing  an 

episode o f  i n f e c t io n .  The g re a te s t  le v e l  o f  PMN adhesion was seen in  PMN's 

from in fe c te d  renal t ra n s p la n t  p a t ie n ts  to  s t im u la ted  HUVECs, however the 

percentage adhesion was not as high as seen in  PMN's th a t  had been 

p re -s t im u la te d  w i th  PMA. Th is  demonstrates th a t  the re  is  a la rg e  reserve o f  

PMN adhesive p o te n t ia l  and t h a t  i n - v i v o  the re  i s  probab ly  a wide spectrum 

o f  the  PMN adhesive s ta te .

The aim o f  t h i s  work was to  s tudy the d i s t r i b u t i o n  o f  c e l l  adhesion 

molecules and E -S e lec t in  in  p a r t i c u l a r ,  in  renal a l l o g r a f t  b iop s ies  taken 

p re - t r a n s p la n t ,  a t  t imes o f  a l l o g r a f t  dys fu nc t ion  and a t  t imes o f  normal 

a l l o g r a f t  f u n c t io n .  Previous work has found E -S e lec t in  to  be present in  

both p re - t ra n s p la n t  and p o s t - t r a n s p la n t  renal b iop s ies  (Fuggle e t  a l ,  1993) 

and r e je c t in g  ca rd ia c  a l l o g r a f t  b io p s ie s  (T ay lo r  e t  a l ,  1992). However,
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o the r  workers have not found E -S e le c t in  to  be present in  normal kidney 

b iop s ies  (Brockmeyer e t  a l ,  1993) o r  on b iop s ies  from ca rd ia c  a l l o g r a f t s  

(T ay lo r  e t  a l ,  1992). We b e l ie v e  t h a t  these apparent d isc repanc ies  may be 

exp la ined by d i f fe re n c e s  in  the  s e n s i t i v i t y  o f  the  imm unoh is to log ica l 

techniques used. In t h i s  study we used an APAAP method which, on the  bas is  

o f  our in  v i t r o  work, we have demonstrated to  be more s e n s i t i v e  in  

d e te c t io n  o f  E -S e lec t in  than i n d i r e c t  immunoperoxidase s ta in in g .  Using 

APAAP s ta in in g  we have shown th a t  some kidneys, p r e - t r a n s p la n ta t io n ,  may 

demonstrate enhanced E -S e lec t in  expression on the in te r t u b u la r  endothelium 

as w e l l  as on the  endothel ium o f  la rg e r  vesse ls .  E -S e le c t in  was not found 

on g lom eru l i  o r  renal tubu les  in  these cases. The presence o f  ELAM-1 in  

some p re - t ra n s p la n t  kidney b io p s ie s  may r e f l e c t  a general increase in  

cy to k in e  le v e ls  in  a p a t ie n t ,  who by d e f i n i t i o n  as an organ donor, i s  

c r i t i c a l l y  i l l  in  an in te n s iv e  care s e t t in g .

The d i s t r i b u t i o n  o f  the o the r  adhesion molecules d i f f e r e d  from th a t  

o f  E -s e le c t in  in  p re - t ra n s p la n t  b io p s ie s .  VCAM was m ain ly  seen on renal 

tub u le s  and g lo m e ru l i .  ICAM-1 was s t ro n g ly  expressed on g lom eru l i  and i n t e r  

tu b u la r  endothelium and moderate ly on tubu les  and la rge  vesse ls .  PCAM was 

found s t ro n g ly  on a l l  s t r u c tu re s  except on renal tub u le s  where i t  was 

absent. The CD4+ and CD8+ i n f i l t r a t e  w i th in  the g r a f t  was found to  be 

minimal except in  a few cases where c e l l u l a r  i n f i l t r a t e  was more pronounced 

again probably  r e f l e c t i n g  an increase in  cy tok in e  environment in  a 

c r i t i c a l l y  i l l  p a t ie n t .  I t  i s  in t e r e s t in g  to  note the d i f f e r e n t  

d i s t r i b u t i o n  o f  adhesion molecules w i th in  the renal a l l o g r a f t  r e f l e c t i n g  

the va ry ing  pathways o f  leucocy te  m ig ra t io n  t h a t  e x i s t .

Amongst the post t r a n s p la n t  b io p s ie s  taken du r ing  episodes o f  g r a f t  

d y s fu nc t ion  E -S e le c t in  was de tected in  74% o f  cases o v e r a l l  and in  88% of 

cases w i th  acute c e l l u l a r  r e je c t io n .  The d i s t r i b u t i o n  w i th in  the kidney 

was found to  be the  same as in  the  p re - t ra n s p la n t  b io p s ie s  w i th  the
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m a jo r i t y  o f  E -S e le c t in  expression present on the in te r t u b u la r  endothel ium. 

The in t e n s i t y  o f  s ta in in g  tended to  be g re a te r  in  the  acute r e je c t io n  group 

than in  b iop s ies  showing acute tu b u la r  necros is  or another d iagnos is .

Other workers have found E -S e le c t in  in  50% o f  r e je c t in g  renal a l l o g r a f t  

b io p s ie s  (342) and 29% o v e ra l l  o f  post renal t ra n s p la n t  b iop s ies  (341). 

However, in  the l a t t e r  s tudy the  t im in g  o f  the b iopsy d id  not n e c e s s a r i ly  

co in c id e  w i th  a c l i n i c a l  event.  Some groups have not found E -S e le c t in  to  

be present in  r e je c t in g  renal a l l o g r a f t s  (Cotran e t  a l ,  1986) or in  

r e je c t in g  card ia c  a l l o g r a f t s  (Ferran e t  a l ,  1993). The increased 

E -S e lec t in  expression in  our s tudy may again r e f l e c t  a more s e n s i t i v e  

imm unoh is to log ica l technique.

The o th e r  c e l l  adhesion molecules s tud ied ,  ICAM-1 and VCAM, were a lso  

more s t ro n g ly  expressed du r in g  episodes o f  acute c e l l u l a r  r e je c t io n  than on 

pre and normal p o s t - t r a n s p la n t  b io p s ie s .

When the  E -S e lec t in  expression was compared w i th  the  CD4 + c e l l u l a r  

i n f i l t r a t e  the re  was a s i g n i f i c a n t  ass o c ia t io n  between increased leucocy te  

presence and adhesion molecule in d u c t io n  in  the  a l l o g r a f t  b io p s ie s .  Th is 

was p a r t i c u l a r l y  so in  b io p s ie s  showing acute r e je c t io n .  But the 

d i f f e re n c e  between these b iop s ies  and ones showing acute t u b u la r  necros is  

i s  not s trong enough to  suggest t h a t  the  presence o f  E -S e lec t in  and CD4+ 

c e l l u l a r  i n f i l t r a t e  cou ld be used as a so le  t e s t  in  the  d iagnos is  o f  acute 

renal a l l o g r a f t  r e je c t io n .

In  those p a t ie n ts  who had t h e i r  b iop s ies  repor ted  as h i s t o l o g i c a l l y  

normal the E -S e lec t in  expression was weak although CD4+ i n f i l t r a t i o n  was 

s l i g h t l y  s t ro n g e r .  However, taken to g e the r  w i th  the  p re - t ra n s p la n t  

b iop s ies  we have shown th a t  E -S e le c t in  may be expressed in  apparen t ly  

h i s t o l o g i c a l l y  normal b iop s ies  and th a t  t h i s  i s  assoc ia ted w i th  a CD4+ 

c e l l u l a r  i n f i l t r a t e .  Th is  f i n d in g  ra is e s  quest ions about the expression o f  

E -S e lec t in  in  v iv o .  In v i t r o  work in  Chapter 4 has shown th a t  E -S e le c t in
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expression i s  maximal 4-6 hours a f t e r  cy tok in e  s t im u la t io n  by 

i n te r le u k in - 1 b  and t h i s  expression dec l in es  over 24 hours. However, t h i s  

in  v i t r o  work does not take in to  account the  ongoing a n t ig e n ic  s t im u la t io n  

t h a t  occurs du r ing  acute a l l o g r a f t  r e je c t io n .  I t  seems l i k e l y  th a t  

E -S e le c t in  expression in  v iv o  is  a much longer term event than in  v i t r o .

In v iv o  E -S e lec t in  expression may p e r s is t  some t ime a f t e r  an acute immune 

s t im u lus  has ap pa ren t ly  d e c l in ed .  To in v e s t ig a te  t h i s  f u l l y  a b iopsy would 

need to  be taken d a i l y  p o s t - t r a n s p la n ta t io n  to  in c lu d e  episodes o f  

d y s fu n c t io n .  U n fo r tu n a te ly  t h i s  i s  not p r a c t i c a l  or e th ic a l  in  the 

p o s t - t r a n s p la n t  p a t ie n t .

With the development o f  monoclonal an t ibody technology c e l l u l a r  

adhesion molecules are now a p o te n t ia l  t a r g e t  f o r  th e ra p e u t ic  in te r v e n t io n .  

A n t i  ICAM-1 (CD54) monoclonal an t ib o d ie s  have been used w i th  some success 

in  the  trea tm ent o f  renal a l l o g r a f t  r e je c t io n  in  cynomolgus monkeys (Cosimi 

e t  a l ,  1990) and in  a phase 1 t r i a l  in  re je c t in g  human renal a l l o g r a f t s  

{Haug e t  a l ,  1993). The dem onstra tion o f  E -S e lec t in  in  r e je c t in g  renal 

a l l o g r a f t s  suggests th a t  t h i s  molecule might a lso  be considered as a t a r g e t  

f o r  monoclonal an t ibody  the rapy .  However, s ince i t  i s  not s p e c i f i c a l l y  

up -regu la ted  in  any one c o n d i t io n ,  t h i s  may m i t ig a te  aga ins t  i t s  use as a 

d ia g n o s t ic  to o l  bu t  i t  may be use fu l as a trea tm ent du r ing  the  r e je c t io n  

process.

The f in d in g  o f  E -S e lec t in  expression in  a s s o c ia t io n  w i th  CD4+ 

c e l l u l a r  i n f i l t r a t i o n  in  renal a l l o g r a f t  b iop s ies  suggests t h a t  t h i s  

adhesion molecule has an im portan t  r o le  in  leucocy te  re c ru i tm en t  du r ing  

episodes o f  g r a f t  d y s fu n c t io n .

However d e sp i te  the f a c t  t h a t  the adhesion molecules have d i s t i n c t  

r o le s  to  p lay  in  terms o f  the  t r a f f i c k i n g  o f  d i f f e r e n t  leucocyte  

popu la t ions  in to  the  t is s u e s  i t  i s  i n te r e s t in g  th a t  du r ing  episodes o f  

a l l o g r a f t  r e je c t io n ,  E -s e le c t in ,  VCAM and ICAM-1 were a l l  found to  be
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increased in  i n t e n s i t y  o f  exp ress ion .  Th is  suggests t h a t  the  ta r g e t in g  o f  

i n d iv id u a l  c e l l  adhesion molecules w i th  an an t i -ad hes ion  molecule an t ibody  

might not reverse a l l o g r a f t  r e je c t io n  unless a l l  the  adhesion molecules 

could be blocked a t  the same t im e.

There has been a l o t  o f  recent in te r e s t  in  d e f in in g  the ro le  o f  c e l l  

adhesion molecules in  the  process o f  a l l o g r a f t  r e je c t io n .  Fuggle e t  al 

(1993), s tud ied  the  expression o f  E -s e le c t in ,  ICAM-1 and VCAM-1 in  needle 

core b iop s ies  from 20 p r e - t ra n s p la n t  kidneys and 42 post t ra n s p la n t  

k idneys. They found v a r i a t io n  in  expression in  the  p re - t ra n s p la n t  b io p s ie s .  

In the  p o s t - t r a n s p la n t  b io p s ie s  they found enhanced express ion o f  E- 

s e le c t in  and VCAM-1 on endothel ium and o f  ICAM-1 and VCAM-1 on tubu les  

du r ing  episodes o f  r e je c t io n ,  assoc ia ted  w i th  increased expression o f  CD45 

and CD25. Brockmeyer e t  a l  (1993), s tud ied  b iop s ies  from 10 normal kidneys 

and 52 renal a l l o g r a f t s  w i th  c e l l  mediated r e je c t io n .  Expression o f  VCAM-1 

and E -s e le c t in  was increased in  r e je c t in g  kidneys and t h i s  was shown to  be 

secondary to  increased c e l l u l a r  mRNA syn th es is .  Von W il leb rand  et al 

(1995), found a s trong  up re g u la t io n  o f  ICAM-1, E -s e le c t in  and VCAM-1 in  

r e je c t in g  renal a l l o g r a f t s  and t h i s  was associa ted w i th  increased 

i n t r a g r a f t  c e l l u l a r  i n f i l t r a t i o n .  Gaber e t  al (1995), s tud ied  E -s e le c t in  

and ICAM-1 expression in  b io p s ie s  from renal a l l o g r a f t s  taken 30-45 m in u i ts  

a f t e r  r e v a s c u la r is a t io n  and found an increased amount o f  both in  kidneys 

w i th  evidence o f  ischaemic in ju r y .  They hypothesised t h a t  d o n o r - re c ip ie n t  

s e n s i t i s a t i o n  might occur secondary to  leucocy te  m arg ina t ion  in  p e r i t u b u la r  

c a p i l l a r i e s  and suggested t h a t  a n t i -ad hes ion  molecule trea tm ents  may be 

designed to  prevent t h i s  e a r ly  s e n s i t i s a t i o n .

Thervet e t  a l  (1995), s tud ied  adhesion molecule expression in  pre and 

post t r a n s p la n t  renal a l l o g r a f t s .  They showed th a t  adhesion molecule 

expression was increased in  post t r a n s p la n t  b iop s ies  bu t cou ld not f i n d  a 

c o r r e la t io n  between c l i n i c a l  r e je c t io n  and adhesion molecule express ion.
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Mampaso e t  al (1993) s tud ied  30 renal a l l o g r a f t  b iop s ies  taken a t  t imes o f  

g r a f t  d y s fu n c t io n .  They found th a t  in  r e je c t io n ,  the i n t e r s t i t i a l  c e l l  

i n f i l t r a t e  was f a c i l i t a t e d  by the  c o n t r ib u t io n  o f  both LFA-1/ICAM-1 and 

VLA-4/VCAM-1 c e l l  adhesion mechanisms. They a lso  found th a t  VLA-4/VCAM-1 

does not p lay  a ro le  in  Cyc lospo r in  n e p h ro to x ic i ty .  Th is  d i f f e r e n t i a l  

expression p a t te rn  o f  VLA-4/VCAM-1 in  r e je c t io n  and Cyc lospo r in  t o x i c i t y  

might p rov ide  a v a lua b le  im m unoh is to log ica l guide to  the  d iagnos is  o f  

a l l o g r a f t  d y s fu n c t io n .  Turunen e t  a l  (1994), found t h a t  ICAM-1 and VCAM-1 

were expressed in  r e je c t in g  renal a l l o g r a f t s  and a lso  found increased 

recep to rs  f o r  L - s e le c t in  du r ing  r e je c t io n  episodes.

Lautenschlager and Hockerstedt (1993), in v e s t ig a te d  ICAM-1 expression 

in  l i v e r  a l l o g r a f t s  undergoing acute r e je c t io n  using f i n e  needle b iopsy. 

ICAM-1 was always seen du r ing  r e je c t io n  episodes and was a lso  found to  be 

expressed du r ing  episodes o f  Cytomegalovirus (CMV) i n f e c t io n .  They 

concluded t h a t  ICAM-1 could be considered as an e a r ly  though u n s p e c i f ic  

marker f o r  acute a l l o g r a f t  r e je c t io n .  Sedmak e t  al (1994), a lso  found th a t  

CMV could a l t e r  adhesion molecule express ion. Experimenting on HUVECs 

in fe c te d  w i th  CMV they showed th a t  ICAM-1 was induced 24 hours post 

i n fe c t io n  but th a t  VCAM-1 and E -s e le c t in  were no t .  They concluded t h a t  

ICAM-1 in d u c t io n  on e n d o th e l ia l  c e l l s  might represent a mechanism by which 

CMV in fe c t io n  exacerbates the r e c ip ie n t  immune response to  an a l l o g r a f t .

The measurement o f  so lu b le  forms o f  adhesion molecules has been made 

po s s ib le  by an ELISA assay now a v a i la b le  com m erc ia l ly .  Lebranchu e t  al 

(1995), found s i g n i f i c a n t l y  ra ised  le v e ls  o f  VCAM-1 in  the  serum o f  renal 

t r a n s p la n t  p a t ie n ts  w i th  CMV disease. Solub le  VCAM-1 le v e ls  f e l l  du r ing  

trea tm ent o f  CMV w i th  the a n t i - v i r a l  agant G ancyc lov ir  but increased again 

in  some cases a f t e r  t rea tm en t ended. Kanagawa e t  a l (1994), showed th a t  

s o lu b le  ICAM-1 le v e ls  in  serum were ra ised  du r ing  episodes o f  acute renal 

a l l o g r a f t  r e je c t io n ,  but could not f i n d  a c o r r e la t io n  between a l l o g r a f t

260



r e je c t io n  and le v e ls  o f  sICAM-1 in  serum. Lebranchu e t  al (1994), 

demonstrated an increase in  s E -s e le c t in  but no t ,  sICAM-1 o r  sVCAM-1, du r ing  

episodes o f  acute renal a l l o g r a f t  r e je c t io n .  So lub le  E -s e le c t in  le v e ls  

normalised a f t e r  t rea tm ent w i th  OKT-3 which i s  a monoclonal an t ibody  used 

to  t r e a t  severe a l l o g r a f t  r e je c t io n .  They suggested t h a t  s e r ia l  

measurements o f  so lu b le  E -s e le c t in  could be va luab le  in  the  d iagnos is  o f  

renal a l l o g r a f t  r e je c t io n .  In c o n t ra s t ,  Behctel e t  al (1994), found no 

s E -s e le c t in  to  be presen t in  the  u r in e  o f  p a t ie n ts  w i th  renal a l l o g r a f t  

r e je c t io n .  However they d id  f i n d  t h a t  u r in a ry  sICAM-1 and sVCAM-1 were 

use fu l in  p ro v id in g  in fo rm a t io n  w i th  regard to  the s e v e r i t y  and type o f  

a l l o g r a f t  r e je c t io n .

In l i v e r  t r a n s p la n ta t io n ,  Adams e t  al (1993), showed th a t  sICAM-1 was 

re leased w i th in  the  l i v e r  du r ing  g r a f t  r e je c t io n ,  probab ly  from a c t iv a te d  

lymphocytes, and was most u s e fu l l y  measured in  the b i l e  ra th e r  than in  the 

serum. This was supported by Lang e t  al (1995), who a lso  found t h a t  sICAM-1 

was s i g n i f i c a n t l y  excre ted in  the  b i l e  dur ing  episodes o f  l i v e r  r e je c t io n .  

Serum sICAM-1 and VCAM-1 increased du r ing  r e je c t io n  episodes and f e l l  w i th  

successfu l t rea tm en t ,  suggesting a use fu l p ro gn os t ic  ro le  in  the 

measurement o f  these molecules.

F in a l l y  in  hea r t  t r a n s p la n ta t io n ,  B riscoe e t  al (1995), examined 

adhesion molecule expression in  s e r i a l  endomyocardial b io p s ie s .  ICAM-1 and 

E -s e le c t in  were most o f te n  de tected j u s t  p r i o r  to  a r e je c t io n  epiosode. 

VCAM-1 and ICAM-1 were both seen du r in g  re je c t io n  episodes and dec l ined  

a f te rw a rds .  There was an a s s o c ia t io n  between CD3+ i n f i l t r a t e  and adhesion 

molecule expression in  r e je c t in g  b io p s ie s .  They suggested t h a t  c e l l  

adhesion molecules might be used as an ad junc t  in  the d iagnos is  o f  

r e je c t io n .

There has c le a r l y  been in c rea s ing  in te r e s t  in  the  r o le  t h a t  adhesion 

molecules p lay  in  organ t r a n s p la n ta t io n ,  p a r t i c u l a r l y  w i th  respect to
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r e je c t io n .  In t h i s  work i t  has been shown th a t  e n d o th e l ia l  c e l l  adhesion 

molecules have an im portan t  r o le  to  p lay  in  the c e l l u l a r  response to  a 

renal a l l o g r a f t .  C e l lu la r  adhesion molecules have been in v e s t ig a te d  

i n - v i t r o  and been found to  be induced by cy tok ines  and una ffec ted  by 

immunosuppressive agents. PMN adhesion to  e n d o th e l ia l  c e l l s  has confirmed 

the fu n c t io n a l  competence o f  the  adhesion molecules and th a t  PMI\l's from 

tra n s p la n te d  p a t ie n ts  w i th  in te r c u r r e n t  in fe c t io n s  are more adhesive than 

those from c o n t ro ls .  The d i s t r i b u t i o n  o f  adhesion molecules w i th in  renal 

a l l o g r a f t  b iop s ies  has been in v e s t ig a te d .  E -s e le c t in  has been shown to  be 

expressed du r ing  r e je c t io n  episodes and t h a t  the re  i s  a s trong  r e la t io n s h ip  

to  leucocy te  i n f i l t r a t i o n  a t  t imes o f  a l l o g r a f t  d y s fu n c t io n .  However i t  has 

a lso  been shown th a t  E -s e le c t in  i s  expressed du r ing  o th e r  causes o f  

a l l o g r a f t  d y s fu nc t ion  such as acute tu b u la r  necros is  and ch ron ic  r e je c t io n .  

Th is  f in d in g  means t h a t  E -s e le c t in  cannot be used alone as a marker f o r  

a l l o g r a f t  r e je c t io n  and th a t  o v e r - in t e r p r e t a t io n  o f  i t ' s  presence in  a 

renal a l l o g r a f t  b iopsy must be avoided.
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8,5  Future prospects

There are severa l areas which might be developed f u r t h e r .

1. I n - v i t r o ,  using the  f lo w  cy tom etry  method, o ther  pharmacological

agents could be te s ted  to  eva lua te  t h e i r  e f f e c t  on adhesion molecule 

express ion. The e f f e c t  o f  such agents on adhesion molecule fu n c t io n  

could then be assessed using the PMN adhesion assay

2. I n - v i t r o  the  adhesion o f  lymphocytes to  e n d o th e l ia l  c e l l s  could be

examined by adapting the PMN adhesion assay. Work in v e s t ig a t in g  the 

lymphocyte e n d o th e l ia l  c e l l  adhesion pathway would have b e n e f i t s  in  

develop ing novel th e ra p ie s  f o r  p o te n t ia l  p reven t ion  and trea tm ent o f  

a l l o g r a f t  r e je c t io n

3. Fur the r  work is  requ ired  on the  adhesion o f  PMN's from t ra n s p la n t

p a t ie n ts  to  e s ta b l is h  a t im e course o f  PMN a c t i v a t io n  around an 

i n f e c t i v e  episode. S im i la r  s tud ies  o f  lymphocyte adhesion a t  t imes o f  

acute a l l o g r a f t  r e je c t io n  would be p o t e n t i a l l y  o f  b e n e f i t  in  the 

p r e d ic t io n  o f  r e je c t io n  episodes.

4. Im m unohis to log ica l s tu d ie s  o f  a la rg e r  s e r ie s  o f  p re - t ra n s p la n t  

b iop s ies  may i d e n t i f y  g r a f t s  which are p o t e n t i a l l y  a c t iv a te d  in  terms 

o f  adhesion molecule expression p r i o r  to  t r a n s p la n ta t io n .  These 

g r a f t s  may be more s u s c e p t ib le  to  e a r ly  immune damage and might 

re q u i re  the  use o f  a m od if ied  immunosuppressive regimen.

5. P re - t rea tm ent o f  renal a l l o g r a f t s  w i th  a n t i -ad hes ion  molecule 

an t ib o d ie s  may he lp p ro te c t  the  g r a f t  from e a r ly  leucocyte  

i n f i l t r a t i o n  and t h i s  could be assessed using immunohistology o f  

b iop s ies  taken from p r e - t re a te d  g r a f t s .

6. The measurement o f  s o lu b le  adhesion molecules in  serum, b i l e ,  or 

u r in e  may prove to  be h ig h ly  va luab le  in  the  p r e d ic t io n  o f  g r a f t  

d y s fu n c t io n .  I t  has obvious advantages in  t h a t  no t is s u e  specimin is  

req u ire d .  However f u r t h u r  work i s  requ ired  because a t  p resent on ly  a
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genera l ised  d iagnos is  o f  g r a f t  d is o rd e r  can be made from the f in d in g  

o f  increased s o lu b le  adhesion molecules in  serum. To be r e a l l y  use fu l 

a s p e c i f i c  d iagnos is  o f  r e je c t io n  t h a t  would negate the  need f o r  a 

biopsy i s  req u ire d .  At present the  "Gold Standard" remains a b iopsy 

producing t i s s u e  f o r  conven tiona l h is to lo g y .
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