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ABSTRACT.

THE ROLE OP NEUTROPHIL SECONDARY GRANULES IN INFLAMMATION;

MODULATION OP LYMPHOCYTE RESPONSES.

KEVIN J .  SLATER

Human n e u tro p h ils , s tim u la te d  by phagocytosis o f opsonised Candida 
g u ill ie rm o n d ii , were found to  re le a se  an in h ib i to r  o f mononuclear 
c e l l  p r o l i f e r a t i o n .  T h is  i n h i b i t o r  p a r t i a l l y  b lo ck ed  r a d io 
la b e lle d  n u c leo tid e  in c o rp o ra tio n  in to  m ononuclear c e l l  c u l tu r e s  
s tim u la ted  by m itogens (Phytohaem agglutininand Concanavalin A) or 
a l lo g e n e ic a lly  in  a  th ree-w ay  mixed lymphocyte c u ltu re  (MIC). The 
in h i b i t o r y  f a c t o r  was i d e n t i f i e d  a s  th e  i r o n  b in d in g  p r o te in  
L a c to f e r r in  ( i f ) ,  and a  re q u ire m e n t f o r  th e  m o lecu le  t o  be 
ca rry in g  iro n  was dem onstrated.

I n h ib i t i o n  o f  th e  MLC by L f was found to  occu r o n ly  when th e  
m ononuclear c e l l s  w ere c u l tu r e d  in  crow ded c o n d i t io n s  by u s in g  
round bottomed w e lls . This enforced co n tac t was shown to  enhance 
p r o l i f e r a t io n  d ra m a tic a lly , and i t  was t h i s  a d d itio n a l growth th a t  
was a f f e c t e d  by L f. S u p e rn a ta n ts  p roduced  by crow ded c e l l s  
in creased  th e  p ro l i f e r a t io n  o f spread c e l l s ,  w h ils t  th e  a d d itio n  o f 
L f to  th e  c u l tu r e s  u sed  to  p roduce  th e  s u p e r n a ta n ts  red u ced  t h i s  
e ffec t;. Thus, i t  appeared th a t  Lf was a f fe c t in g  th e  p roduction  o f 
a  growth fa c to r  re le ase d  in  response to  c lo se  c e l l  co n tac t.

The growth fa c to r  was subsequently  id e n t i f ie d  as In te r le u k in  2 (IL - 
2). The p ro d u c tio n  o f  IL -2  i s  d ependen t on I n t e r l e u k in  1 (IL -1 ). 
However, no IL-1 a c t i v i t y  co u ld  be d e te c te d  in  MLC s u p e r n a ta n ts .  
Under co n d itio n s  which a re  known to  induce IL-1 s e c re tio n , namely 
s tim u la tio n  by lip o p o ly sacch a rid e  (LPS), an in h ib i to ry  e f fe c t  o f Lf 
was o b serv ed . I t  i s  s u g g e s te d  t h a t  in  th e  MLC, p r o l i f e r a t i o n  i s  
i n i t i a t e d  by e x p re s s io n  o f  membrane bound IL -1 , and t h a t  t h i s  i s  
i n h ib i t e d  by L f , th e re b y  e x p la in in g  th e  requirem ent fo r  crowding 
th e  c e l l s  in  o rder to  o b ta in  an e f f e c t  by the  iro n  b ind ing  p ro te in .

LPS s t im u la t io n  o f  m ononuclear c e l l s  was found  to  in d u ce  r a p id  
s e c r e t i o n  o f  a  f a c t o r  w hich  d r a m a t ic a l ly  enhanced  n e u t r o p h i l  
c h em ilu m in escen ce  in  re sp o n se  to  su b se q u e n t s t im u la t io n .  The 
evidence suggests  th a t  t h i s  i s  tumour n ec ro s is  fa c to r .  In h ib i t io n  
o f  t h i s  f a c t o r  by Lf was v a r i a b l e ,  w ith  some in d iv id u a ls  
responding and o th e rs  not.

The combined d a ta  in d ic a te s  a  negative  feedback ro le  fo r  I f  in  th e  
c o n t r o l  o f  in f la m m a tio n . The e f f e c t  o f  L f on p ro d u c tio n  o f 
p le o t r o p ic  m onokines may p ro v id e  an  e x p la n a t io n  f o r  th e  v a r io u s  
rep o rted  fu n c tio n s  o f th e  p ro te in .
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CHAPTER OWE

INTRODUCTION

Inflam m ation has been described  by c iv i l i s a t io n s  d a tin g  back to  the  

Greeks, who re fe r re d  to  th e  p rocess  as  ph logosis. L a te r the  Romans 

u s e d  th e  te r m  i n f l a m m a t i o .  B o th  c i v i l i s a t i o n s  re c o g n ise d  

in flam m ation  c l in ic a l l y  and described  the  outward m a n ife s ta tio n s  o f 

th e  co n d itio n  : rubor (redness), tumor (sw ellin g ), c a lo r  (heat) and 

do lor (pain). However, th e  f i r s t  sy stem a tic  observ atio n s  were no t 

made u n t i l  th e  16th century . John Hunter (1728-1793) was th e  f i r s t  

to  re c o g n is e  t h a t  th e  re d n e s s  o f  in f la m m a tio n  was due to  an 

in c r e a s e  in  th e  b lo o d  f lo w  th ro u g h  d i l a t e d  b lo o d  v e s s e l s ,  and 

d e s c r ib e d  th e  e x t r a v a s a t io n  o f  p la sm a  and " sm a ll  g lo b u le s " . The 

n e x t m ajo r ad v an ces  in  th e  u n d e rs ta n d in g  o f  th e  in f la m m a to ry  

re sp o n se  w ere made by J u l i u s  Cohnheim (1839-1884). He d e s c r ib e d  

m ic ro -v a s c u la r  e v e n ts  in  v iv o , n o ta b ly  h y p e ra em ia  fo llo w e d  by 

lo c a l is e d  slow ing  o f th e  b lood. Cohnheim a l s o  n o te d  m a rg in a tio n  

and m ig ra tio n  o f leucocy tes  through v e sse l w a lls .

E lie  M etchnikoff (1845-1916) fo llow ed  by dem onstrating  phagocytosis 

and th e  e l im in a t io n  o f  th e  i n j u r i o u s  a g e n ts  o f  in f la m m a tio n  by 

p h a g o c y tic  c e l l s .  W ith th e  work o f  P au l E h r l ic h  (1854-1915) on 

humoral immunity and th a t  o f Louis Pasteur (1822-1895) and Robert 

Koch (1843-1910) on the  ro le  o f b a c te r ia  and o th er m icro-organism s 

in  d isease  p ro cesses , th e  foundations fo r  th e  c u rre n t understand ing  

of th e  inflam m atory  response w ere s e t .  C u rre n t u n d e rs ta n d in g  o f  

in flam m ation  has revealed  a  complex scen ario  invo lv ing  c e l lu la r  and 

humoral even ts which combine to  cause the  e ra d ic a tio n  o f in fe c tio u s
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agen ts and rem oval o f damaged t is s u e .

B rie f ly , th e  inflam m atory  response occurs fo llo w in g  the  re le a se  o f 

so lu b le  chem ical m ed ia to rs by th e  invading m icro-organism s or by 

damaged t i s s u e s .  T h is  le a d s  i n i t i a l l y  to  a r t e r i o l a r  d i l a t a t i o n  

fo llo w e d  by an in c re a s e d  r a t e  o f  b lo o d  f lo w  th ro u g h  th e  m ic ro 

v ascu la tu re . The in c reased  blood flow  i s  re sp o n sib le  fo r  b rin g in g  

la rg e  numbers o f leu co cy tes, plasm a p ro te in s , oxygen and n u tr ie n ts  

to  th e  a f f e c t e d  a r e a .  As c a p i l l a r y  d i l a t a t i o n  o c c u rs , v a s c u la r  

p e r m e a b i l i ty  in c r e a s e s ,  r e s u l t i n g  in  an  e x t r a v a s a t io n  o f  f l u i d  

(oedema) from  th e  v e s s e l s  to  th e  t i s s u e s .  T h is  r e s u l t s  in  an 

in c rease  in  th e  co n cen tra tio n  o f red  c e l l s  w ith in  th e  c a p i l la r ie s  

w hich  s lo w s  down th e  b lo o d  f lo w . T h is  e n a b le s  th e  le u c o c y te s  to  

ad h ere  to  th e  v a s c u la r  e n d o th e liu m  and to  m ig ra te  to w a rd s  th e  

inflam m atory  s i t e .  The n e u tro p h ils  a re  considered  to  be th e  f i r s t  

c e l l s  to  m ig rate  fo llow ed  by monocytes and then  lymphocytes. The 

leucocy tes then  k i l l  invad ing  organism s, remove th e  d eb ris  and may 

a lso  m ediate subsequent re p a ir  o f th e  in ju red  t is s u e s .

In f la m m a to ry  s i t e s ,  t h e r e f o r e ,  c o n ta in  b o th  in f la m m a to ry  c e l l s  

(n e u t r o p h i l s  and m onocytes) and immunocytes (lymphocytes). These 

c e l l s  in te r a c t  in  a  v a r ie ty  o f ways and communicate w ith  each o th er 

by l ib e r a t in g  v a rio u s  m olecular s ig n a ls . The fo llo w in g  review  w i l l  

fo c u s  on th e  c e l l s  in v o lv e d  in  in f la m m a tio n  w ith  p a r t i c u l a r  

r e f e re n c e  to  th e  p r o t e in  m o le c u le s  w ith  w hich  th e y  com m unicate , 

namely the  cy tok ines.
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1 .1 . C ells  Involved In  Inflam m ation

1.1.1. Polym orphonuclear Leuc o c y t  e s 

The n e u t r o p h i l  o r p o ly m o rp h o n u c lea r le u c o c y te  (PMN) i s  th e  m ost 

a b u n d a n t  c i r c u l a t i n g  w h i te  c e l l  i n  m an, a c c o u n t in g  f o r  

approxim ately  IQ ffo  o f c i r c u la t in g  leucocy tes. A m ajor p ro p o rtio n  o f 

PMN in  th e  c i r c u l a t i o n  (60$) a r e  m a rg in a te d  t o  th e  b lo o d  v e s s e l  

w a l ls .  The c i r c u l a t i n g  p o o l, how ever, r e p r e s e n ts  o n ly  5$ o f  th e  

body’s t o t a l ,  th e  re m a in d e r  b e in g  lo c a te d  w i th in  th e  bone m arrow 

r e s e rv e  pool.

Development

D e v e lo p m e n t o f  n e u t r o p h i l s  w i t h i n  t h e  bone m arro w  t a k e s  

a p p ro x im a te ly  14 d ays. D uring  th e  f i r s t  7-5 d ay s, th e  c e l l  

undergoes m ito s is  from th e  m yelob last through th e  prom yelocyte to  

the  m yelocyte. During th e  nex t 6-5 days, p o s t-m ito t ic  development 

o c cu rs  from  th e  m e ta m y e lo c y te , to  th e  band c e l l  w hich  le a d s  to  

th e  m ature n e u tro p h il (Bainton e t  a l .  1971).

This development a r i s e s  from a  p ro g en ito r c e l l  common to  monocytes 

w hich  h a s  b een  d e s c r ib e d  in  in  v i t r o  c u l tu r e  sy s te m s  a s  th e  

g ra n u lo c y te -m a c ro p h a g e  co lo n y  form ing u n i t  (GM-CFU). This a r is e s  

from th e  p lu r ip o te n t stem c e l l  in  response to  colony s tim u la tin g  

f a c t o r s  p roduced  by m acrophages, lym phocytes, e n d o th e lia l c e l l s ,  

and f i b r o b l a s t s  (M e tc a lf  1985)- The p ro d u c tio n  o f  n e u t r o p h i l s  

d u r in g  m y e lo p o ie s is  o c c u rs  a t  a  m ass iv e  r a t e ,  w ith  a  tu rn o v e r  o f  

a p p ro x im a te ly  1.6 X 10^ c e l l s  p e r  k ilo g ra m  p e r  day (A thens e t  a l .  

1 9 6 1 ) .
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Mature PM have a  very  sh o r t h a l f  l i f e  in  th e  c ir c u la t io n  la s t in g  

about 6.5 hours. The c e l l s  then  m igrate  to  th e  t i s s u e s ,  where they  

a re  thought to  rem ain fu n c tio n a l fo r  around 1-2 days. The f a te  o f 

th e  n e u tro p h ils  fo llo w in g  t h i s  rem ains a  m ystery. However, a  la rg e  

number o f PM  a re  ex cre ted  in  th e  faeces  and evidence i s  emerging 

th a t  they  a re  phagocytosed by macrophages.

S tru c tu re

The m a tu re  n e u t r o p h i l  i s  c h a r a c te r i s e d  by a  lo b ed  n u c le u s  and by 

th e  presence o f numerous cy toplasm ic g ranu les. The c e l l  i s  10-14 

um in  d iam eter, about tw ice  th e  s iz e  of a  norm al e ry th ro cy te , and 

i s  a  ty p ic a l  end s tag e  c e l l .  I t  does no t r e p l ic a te  and i s  capable 

o f  o n ly  l im i t e d  p r o t e in  s y n th e s i s ,  a s  in d ic a te d  by condensed  

he tero -ch ro m atin , no nuc leo lu s  and a  sm all number o f ribosom es and 

m ito c h o n d ria . The c e l l  c o n ta in s  m icro tubules and m icro filam en ts  

which a re  involved in  c e l l  m o b ility  and maintenance o f c e l l  shape. 

The m icro tubules a re  composed o f tu b u lin  and form th e  cy to sk e le to n  

o f  th e  PMN. The m ic r o f i la m e n ts  a re  composed o f  a c t i n  and m yosin  

and p lay  an e s s e n t ia l  ro le  in  c e l l  movement during  chem otaxis, and 

a lso  in  th e  flow  o f membrane around a  p a r t ic le  during  phagocytosis. 

G ly c o g en  p a r t i c l e s  a r e  ran d o m ly  d i s t r i b u t e d  th ro u g h o u t th e  

c y to p la sm  and ap p ea r to  p ro v id e  th e  en erg y  so u rc e  f o r  a n a e ro b ic  

m etabolism  which produces ATP req u ired  fo r  phagocytosis.

Prim ary (Azurophil) Granules

The prim ary  g ranu les develop during  th e  prom yelocyte s tag e  o f PM 

m atu ra tion . They a re  e s s e n t ia l ly  lysozomes co n ta in in g  h y d ro ly tic  

enzymes involved in  th e  k i l l i n g  and d ig e s tio n  o f in g ested  organism s 

and p a r t ic le s .  During phagocytosis th e i r  membranes fuse  w ith  th a t
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o f th e  phagocytic vacuole and th e i r  co n ten ts  a re  d ischarged  w ith in .

Secondary (S p ec ific ) Granules

Secondary  g ra n u le s  a r e  fo rm ed  d u r in g  th e  m y e lo cy te  s ta g e  o f  

development. At t h i s  p o in t PMN d iv is io n  ceases and consequently  

t h e  s e c o n d a r y  g r a n u l e s  o u tn u m b e r  t h e  p r im a r y  g r a n u l e s  by 

a p p ro x im a te ly  2:1 due to  th e  d i l u t i o n  o f  th e  l a t t e r  d u r in g  

d iv is io n . The secondary g ranu les a re  sm alle r than  th e  p rim arie s . 

Like prim ary g ranu les  th ey  a re  d ischarged during  phagocytosis b u t, 

a s  w i l l  be d is c u s s e d  in  d e t a i l  be low , th e  m a jo r i ty  o f  seco n d a ry  

g ranu les a re  re le a se d  ex t race l lu la r ly .

R ecently  i t  has been suggested  th a t  th e  secondary g ranu les a re  th e  

so u rc e  o f  v a r io u s  r e c e p to r s  w hich a re  t r a n s lo c a t e d  to  th e  c e l l  

s u r f a c e  d u r in g  a c t i v a t i o n  o f  th e  PMN. O'Shea e t  a l .  (1985) 

s u g g e s te d  t h a t  th e  r e c e p to r  f o r  C3bi (CR3) i s  p r e s e n t  in  th e  

seco n d a ry  g ra n u le . C3bi i s  an  o p so n ic  f ra g m e n t o f  th e  3 rd  

com ponent o f  com plem ent w hich b in d s  to  th e  s u r f a c e  o f m ic ro 

o rg an ism s  d u r in g  th e  com plem ent cascade. This re cep to r has been 

shown to  a c t  s y n e r g is t ic a l ly  w ith  re c ep to rs  fo r  th e  Pc p o rtio n  o f 

IgG to  enhance adherence and phagocytosis o f serum opsonised m icro

organism s (Mantovani 1975; G o ldste in  e t  a l .  1976 and Arnaout e t  a l .

1983)* A lso , th e  sec o n d a ry  g ra n u le  h as  been  p ro p o sed  a s  th e  

in t r a c e l lu la r  lo c a t io n  o f  th e  r e c e p to r  f o r  n - f o rm y l-m e th io n y l-  

le u c y 1 -p h e n y la la n in e  (fMLP) ( F le tc h e r  and G a l l in  1983; G ardner 

e t  a l . 1986). Com ponents o f  th e  e n zy m a tic  com plex t h a t  p ro d u ces  

hydrogen  p e ro x id e  have a l s o  b een  a s s o c ia te d  w ith  th e  sec o n d a ry  

g ranu les (Borregaard and Tauber 1984; Ohno e t  a l .  1985).

5



N e u tro p h ils  d e f i c i e n t  i n  sec o n d a ry  g ra n u le s  f a i l  to  in c r e a s e  

su rface  membrane ex p ression  o f CR3, fMLP re c ep to rs  and components 

of th e  hydrogen peroxide g e n e ra tin g  system  as do norm al n e u tro p h ils  

a f t e r  s t im u la t io n .  These o b s e r v a t io n s  s u p p o r t  th e  c o n ce p t t h a t  

seco n d a ry  g ra n u le  m em branes ( p o s s ib ly  in  a d d i t io n  to  t e r t i a r y  

g ranu le  membranes) serve  as an in t r a c e l lu la r  re se rv e  fo r  th ese  and 

perhaps o ther components th a t  can be m obilised  to  th e  c e l l  su rface  

during  p rim ing  in  th e  c ir c u la t io n , and s u s ta in  a c t iv a t io n  in  the  

t i s s u e s  (G -a ll in  1984)* H o w ev er, r e c e n t  d a t a  r e p o r t e d  by 

B erg er e t  a l .  (1988) may q u e s t io n  t h i s  a ssu m p tio n  (see  s e c t io n  

1. 2 . 2 . ) .

T e rtia ry  Granules

Z onal c e n t r i f u g a t i o n  o f  PMN l y s a t e s  h a s  shown th e  e x is te n c e  o f  a  

th i r d  pop u la tio n  o f c e l l u l a r  s to r a g e  p a r t i c l e s ,  s m a l le r  th a n  th e  

o th er p a r t i c le s  b u t o f  th e  same d en sity  as th e  secondary g ranu les 

(Dewald e t  a l .  1982). L ike  th e  sec o n d a ry  g ra n u le s ,  th e y  may be a  

major in t r a c e l lu la r  s to rag e  s i t e  fo r  th e  CR3 recep to r and fo r  th e  

cy tochrom e B245  (P e tr e q u in  e t  a l .  1987; M o llin ed o  and S ch n e id e r

1984)- At p re sen t i t  i s  d i f f i c u l t  to  know w hether th e se  t e r t i a r y  

g ranu les should be d is tin g u ish e d  from secondary g ran u les, as th e re  

i s  considerab le  overlap  in  t h e i r  components. However, i t  appears 

t h a t  th e r e  i s  a  p o p u la t io n  o f  g ra n u le s  w hich i s  r e le a s e d  v e ry  

ra p id ly  as  a  r e s u l t  o f m ild s tim u la tio n , such as  warming th e  c e l l s  

from  0°C to  37°C o r by v e ry  low  c o n c e n tr a t io n s  o f  fMLP. I t  h as  

been suggested th a t  th i s  occurs e a r ly  in  c e l l  a c t iv a t io n  and prim es 

th e  c e l l s  f o r  f u r t h e r  a c t i v i t y  a s  d e s c r ib e d  above f o r  seco n d a ry  

g ra n u le s .
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Function

PMN a r e  am ong th e  f i r s t  c e l l s  t o  a r r i v e  a t  t h e  s i t e  o f  

in f la m m a tio n . T h is  o c c u rs  in  re sp o n se  t o  a  s e r i e s  o f  s i g n a l s ,  

r e s u l t in g  in  th e  m o b ilis a tio n  o f th e  m arginated pool and th e  marrow 

rese rv e  pools and an in c rease  in  m yelopoiesis and PMN production . 

As a  r e s u l t ,  the  number o f PM  in  th e  p e rip h e ra l c i r c u la t io n  r i s e s .  

The in c re a s e d  num bers o f  PMN th e n  a d h e re  t o  th e  c a p i l l a r y  

e n d o th e liu m  n e a r  th e  s i t e  o f  i n f e c t i o n ,  e m ig ra te  in to  th e  

p e riv a sc u la r  t i s s u e s  and then  m igrate  tow ards th e  in fe c tio n . The 

i n f e c t i n g  p a r t i c l e s  a r e  i d e n t i f i e d  by i n t e r a c t i o n  b e tw een  t h e i r  

c o a t in g  o f  o p so n in s  and s p e c i f i c  r e c e p to r s  on th e  s u r f a c e  o f  th e  

PMN. They a re  th e n  p h a g o cy to se d , k i l l e d  and d ig e s te d .  T h is 

sequence  o f e v e n ts  i s  c o n t r o l l e d  by a  s e r i e s  o f  r e g u la to r y  

m o le c u le s  f o r  w hich  th e r e  a re  s p e c i f i c  r e c e p to r s  on th e  PMN 

s u r f a c e .  The r e s u l t  o f  t h e i r  b in d in g  i s  s t im u la t io n  o f  c e l l  

adherence, aggregation , movement, d eg ranu la tion  and th e  re s p ira to ry  

b u r s t .  The r e g u la to r y  m o le c u le s  in c lu d e  p ro d u c ts  from  th e  

a c t iv a t io n  o f complement, th e  co ag u la tio n  cascade, b a c te r ia ,  th e  

o x id a tio n  of a rach idon ic  ac id  and cy tok ines from mononuclear c e l l s .

The re c ep to rs  fo r  th e se  lig a n d s  a re  expressed in  sm all numbers on 

the  su rface  o f c ir c u la t in g ,  u n s t im u la te d  PMN. Upon s t im u la t io n ,  

th e  r e c e p to r  e x p re s s io n  i s  in c re a s e d  from  i n t r a c e l l u l a r  p o o ls  

w ith in  th e  PM  g ranu les as  p rev io u s ly  d iscussed , low co n cen tra tio n s  

o f  s t i m u l i  a re  c h e m o ta c tic  and c au se  p a r t i a l  d e g ra n u la t io n  w ith  

in c re a s e d  e x p re s s io n  o f  r e c e p to r s  f o r  C 3bi, fMLP, l e u k o t r ie n e  B4 

(LTB4) and p ro b a b ly  C5a  des a rg . H igher c o n c e n tr a t io n s  le a d  to  

more ex ten siv e  d ischarge  o f secondary g ran u les, w ith  tra n s lo c a tio n
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o f th e  cy tochrom e B 245 "k° " ^ e c e H  s u r f a c e  and a c t i v a t i o n  o f  th e  

NADPH o x id a s e  and  th e  r e s p i r a t o r y  b u r s t .  The r e s u l t  i s  a  

p ro g r e s s iv e  up r e g u la t io n  o r p r im in g  o f  th e  c e l l ,  w ith  in c re a s e d  

chem otactic  responsiveness and oxygen ra d ic a l p roduction  as shown 

by exudate PM  compared w ith  c i r c u la t in g  PM  (Zimmerli e t  a l .  1986).

C e llu la r  Em igration

The PM begin  to  adhere to  th e  c a p i l la r y  endothelium  near th e  s i t e  

o f  i n s u l t .  Both PMN and m onocytes th e n  ex ten d  pseudopods w hich  

fo rce  t h e i r  way between ad jacen t e n d o th e lia l c e l l s .  The mechanism 

o f t h i s  p rocess s t i l l  rem ains obscure. I t  i s  no t known whether th e  

le u c o c y te  m e c h a n ic a lly  b re a k s  th e  ju n c tio n , or whether enzym atic 

c le a v a g e  o c c u rs . Once th e  pseudopod h as  been  p a sse d , th e  e n t i r e  

c e l l  f o l lo w s .  Once th ro u g h  th e  e n d o th e liu m , th e  c e l l  p a s s e s  

through th e  basement membrane and in to  th e  p e riv a sc u la r  connective 

t i s s u e s .

The a d h e s io n  o f  PMN to  v a s c u la r  en d o th e liu m  in v o lv e s  a  g ro u p  o f  

r e la te d  leucocyfe adhesion p r o t e in s  w hich in c lu d e  LFA-1, P1 50,95 

and CR3, known c o l le c t iv e ly  as th e  Mac-1 complex (Anderson e t  a l .  

1986). Each member o f th e  Mac-1 complex c o n s is ts  o f a  common b e ta  

su b -u n it o f 95 KDa and a  s p e c if ic  a lpha  su b -u n it o f 150 to  180 KDa. 

The im portance of th ese  adherence p ro te in s  i s  i l l u s t r a t e d  in  a  ra re  

a u to so m a l r e c e s s iv e  d i s o r d e r  in  w hich th e r e  i s  a  f a i l u r e  to  

sy n th esize  the  norm al b e ta  su b -u n its . These p a t ie n ts  s u f fe r  severe  

b a c t e r i a l  and fu n g a l  i n f e c t i o n s .  In  a d d i t io n ,  th e y  have a  h ig h  

p e rip h e ra l blood PM count, which i s  probably due to  the  lack  o f a  

m a rg in a te d  p o o l (A nderson and S p r in g e r  1987). A nderson and 

S p r in g e r  a l s o  r e p o r te d  in  v i t r o  d e f e c ts  in  a d h e s io n  r e l a t e d
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f u n c t io n s ,  in c lu d in g  a g g re g a t io n  o f  a c t i v a te d  PMN, ad h eren ce  to  

e n d o th e l i a l  s u r f a c e s ,  c h em o tax is  and p h a g o c y to s is  o f  o p so n ise d  

p a r t i c le s .

Chemotaxis

C hem otaxis i s  th e  u n i d i r e c t i o n a l  movement o f  c e l l s  up a  

co n cen tra tio n  g ra d ie n t o f a  chem otactic  substance. This d i f f e r s  

from chem okinesis, which i s  th e  random enhanced movement o f c e l l s  

in  response to  a  chem otactic  substance o f co n stan t co n cen tra tion . 

D u rin g  i n f l a m m a t io n ,  t h e  p r i n c i p a l  c h e m o t a c t i c  c e l l s  a r e  

n e u tro p h ils  and monocytes.

Both endogenous and exogenous chem otaxins have been described . The 

endogenous c h e m o ta x in s  a r e  e i t h e r  c e l l  o r  p la s m a  d e r iv e d .  

Exogenous chem otaxins have been used e x ten s iv e ly  to  in v e s t ig a te  th e  

phenomenon and a re  u s u a l l y  s y n t h e t i c  com pounds r e l a t e d  t o  

p ro ca ry o tic  c e l l  p roducts.

The p r in c ip a l plasm a derived  endogenous chemotaxins a re  C5a and C5a 

des a rg . C5a  i s  a  more p o te n t  ch em o tax in  th a n  C5a  des a rg , w ith  

a c t i v i ty  in  th e  range 10” 10 M to  2.4 x 10”% . This was found to  be 

about te n fo ld  more p o ten t than  C5a  des a rg  (Fernandez e t  a l .  1978). 

C5a des a rg  r e s u l t s  from  th e  r a p id  c le a v a g e  o f  th e  C te r m in a l  

a rg e n in e  from  C5a by serum  c a rb o x y p e p tid a se  N. T h e re fo re , C5a 

des a rg  i s  th e  m ost l i k e l y  com plem ent com ponent to  in d u ce  

chem otaxis in  vivo (Webster e t  a l .  1980).

The re m a in in g  p r i n c i p l e  endogenous chem otaxins a re  c e l l  derived . 

These a r e  tum our n e c r o s i s  f a c t o r  (TMF), LTB4 and  p l a t e l e t
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a c tiv a tin g  fa c to r  (PAP). THE w i l l  be d iscussed  in  g re a te r  d e ta i l  

in  th e  l a t e r  se c tio n s . LTB4 i s  produced by m ature n e u tro p h ils  and 

was shown to  be e q u ip o te n t  to  C5a in  v i t r o  (G o e tz l and P ic k e t  

1981). However, in  v iv o , LTB4 was considered  le s s  p o ten t than  C5a 

des a rg  in  a t t r a c t i n g  n e u t r o p h i l s  when i n j e c t e d  in t r a d e r m a l ly  

(M o v a t e t  a l .  1 9 8 4 ) .  PAP, w h ic h  i s  a c e t y l  g l y c y l  

e th y lp h o s p h a t id y lc h o l in e  (AGEPC), in d u c es  LTB4 s y n th e s is  by 

n e u t r o p h i l s  (Gorman e t  a l .  1983), and t h i s  may be i t s  in  v iv o  

s ig n if ic a n c e .

Of th e  exogenous c h e m o ta x in s , fo rm y lm e th io n in e  t r i p e p t i d e s  (eg. 

fMLP) have r e c e iv e d  c o n s id e ra b le  i n t e r e s t .  There i s  a  body o f  

evidence which suggests th a t  th e se  compounds a re  o f p h y s io lo g ica l 

im p o r ta n c e ; f o r  exam ple, E s c h e r ic ia  c o l i  commences p r o te in  

sy n th es is  w ith  N form ylm ethionine, whereas eu ca ry o tic  c e l l s  do no t. 

R e c e p to rs  f o r  N fo r m y la te d  t r i p e p t i d e s  h a v e  b e e n  fo u n d  on 

n e u t r o p h i l s ,  a s  d is c u s s e d  e a r l i e r .  I t  i s  t h e r e f o r e  l i k e l y  t h a t  

th e s e  p e p t id e s  a c t  a s  p r o c a r y o t ic  p ro d u c ts  w hich  co u ld  be 

d i s t in g u is h e d  from  h o s t  p ro d u c ts .  The b e s t  s tu d ie d  o f  th e s e  

compounds i s  fMLP, which has been shown to  a t t r a c t  n e u tro p h ils  to  

an in f la m m a to ry  s i t e ,  s t im u la t e  adhesion  and induce aggregation , 

a c t iv a te  th e  r e s p ira to ry  b u rs t  and s tim u la te  degranu lation .

N e u tro p h ils  m ig r a t in g  down a  c h e m o ta c tic  g r a d ie n t  e x h ib i t  a  

c h a r a c te r is t ic  morphology w ith  a  b lu n t lead in g  f ro n t. R elease of 

g ra n u le s  a p p e a rs  to  o ccu r a t  th e  le a d in g  edge, r e s u l t i n g  in  th e  

h ig h e s t  c o n c e n t r a t io n  o f  p e c e p to rs  a t  th e  c e l l  f r o n t  and a  

g r a d ie n t  o f  r e c e p to r s  a c r o s s  i t s  t r a i l i n g  s u r f a c e .  T h is  c o u ld
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e x p la in  th e  movement o f  th e  c e l l  i n  a  g r a d ie n t  o f  c h e m o ta c tic  

fa c to r  r e s u l t in g  in  d ire c te d  movement o f th e  c e l l  tow ards a  s i t e  o f 

in f la m m a tio n  (N ied e l e t  a l .  1 979)« Bound r e c e p to r s  a re  p ro b a b ly  

in te rn a lis e d , th e  lig an d  d ig e s ted  and the  recep to r re tu rn ed  to  th e  

c e l l  su rface  (Nunoi e t  a l .  1985)*

D egranulation

I t  i s  now c l e a r l y  e s t a b l i s h e d  t h a t  n e u t r o p h i l s  e x h ib i t  b o th  

in t r a c e l lu la r  and e x t r a c e l lu la r  d eg ranu la tion , and th a t  th e  types 

o f granule  have d i f f e r e n t  fu n c tio n s  during deg ranu la tion .

During in t r a c e l lu la r  d eg ran u la tio n , ad jacen t g ran u les  fu se  w ith  th e  

membrane o f  th e  fo rm in g  p h a g o c y tic  v a c u o le , c o n v e r t in g  th e  

phagosome in to  a  phagolysozom e. S in ce  g ra n u le  fo rm a tio n  c e a s e s  

beyond th e  m yelocyte s tag e , d eg ran u la tio n  i r r e v e r s ib ly  d ep le te s  th e  

m ature c e l l  o f th e se  o rg an e lle s . E lec tro n  m icroscopic cytochem ical 

techn iques on ra b b i t  h e te ro p h ils , u s in g  m yeloperoxidase as a  marker 

fo r  prim ary  g ran u les  and a lk a l in e  phosphatase fo r  th e  seco n d aries, 

have shown t h a t  b o th  g ra n u le  ty p e s  em pty in t o  th e  p h a g o c y tic  

vacuole. A lkaline  phosphatase i s  seen in  th e  phagocytic vacuole 30 

s e c o n d s  a f t e r  t h e  i n i t i a t i o n  o f  p h a g o c y t o s i s ;  h o w e v e r , 

m yeloperoxidase does no t appear u n t i l  1-3 m inutes (Bainton 1973). 

B a in to n  s u g g e s te d  t h a t  th e  more r a p id  r e l e a s e  o f  th e  sec o n d a ry  

g ranu les  was due to  them b e in g  le s s  dense th an  th e  p rim arie s , thus 

in c r e a s in g  th e  r a t e  o f  a c t i v e  random movement and hence th e  

p ro b a b il i ty  o f c o l l i s io n  w ith  th e  vacuole. This ra p id  re le a se  o f 

th e  secondary g ran u les  may account fo r  th e  in c reased  co n cen tra tio n  

o f sec o n d a ry  g ra n u le  c o n s t i t u e n t s  in  th e  e x t r a c e l l u l a r  medium 

f o l l o w i n g  p h a g o c y t o s i s ,  due t o  t h e  p r o t e in  le a k in g  b e fo re
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c o m p le tio n  o f  th e  v a c u o le . H owever, th e r e  i s  now a  c o n s id e ra b le  

volum e o f  d a ta  w hich  s u g g e s ts  t h a t  th e  sec o n d a ry  g ra n u le s  have a  

s e c re to ry  r o le  and t h a t  th e  c o n te n ts  f u n c t io n  e x t r a c e l l u l a r l y  

( L e f f e l  and S p i tz n a g e l  1974; W righ t e t  a l .  1977). In  g e n e r a l ,  

p r im a ry  g ra n u le s  fu s e  w ith  phagosom es and do n o t r e l e a s e  t h e i r  

c o n t e n t s  i n t o  t h e  e x t r a c e l l u l a r  e n v ir o n m e n t  e x c e p t  a f t e r  

s tim u la tio n  w ith  high co n cen tra tio n s  o f chem otactic  secretagogues 

(W right 1982; G a llin  1984).

E x t r a c e l l u l a r  r e l e a s e  o f  n e u t r o p h i l  g ra n u le  c o n te n ts  may o ccu r 

a c t iv e ly  or p a ss iv e ly . Passive re le a se  occurs as  a  r e s u l t  o f c e l l  

d e a th  and l y s i s .  The l y s i s  may o ccu r a s  a  r e s u l t  o f  e x t r a c e l l u l a r  

e n v iro n m e n ta l f a c t o r s  su ch  a s  e x tre m es  o f  pH, te m p e ra tu re  and 

o s m o la r i ty ,  o r in  re sp o n se  to  to x in s  such  a s  s t r e p to c o c c a l  and 

s ta p h y lo c o c c a l  e n d o to x in s . A number o f  c i r c u l a t i n g  g ra n u le  

c o n te n ts  have been  e q u a te d  w ith  n e u t r o p h i l  tu rn o v e r .  Hansen and 

A ndersen  (1973) showed t h a t  lysozym e in  th e  p la sm a  and u r in e  

r e f le c t s  n e u tro p h il tu rn o v er. S im ila r ly , l a c to f e r r in  has been used 

a s  a  m arker o f  n e u t r o p h i l  tu rn o v e r  and a c t i v a t i o n  (H arle  e t  a l .  

1984; Lash e t  a l .  1984; Hansen e t  a l .  1975)-

Phagocytosis

Once th e  PMN re a c h e s  th e  s i t e  o f  i n f e c t io n ,  i t  r e c o g n is e s  th e  

p a r t ic le  to  be phagocytosed by an in te ra c t io n  between i t s  su rface  

re c ep to rs  and opsonins bound to  th e  invading organism s. The e a r ly  

in v e s t ig a tio n s  in to  th e  ro le  o f opsonins in  phagocytosis revealed  

th a t  serum contained  h ea t s ta b le  and h ea t l a b i le  components. The 

h e a t  s t a b l e  o p so n in s  w ere found  to  be a n t ib o d ie s  and th e  l a b i l e
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fa c to r s  found to  be complement components. These a re  now known to  

be s p e c if ic a l ly  th e  Fc p o rtio n  o f IgG> p a r t ic u la r ly  su b c la sses  IgG1 

and IgG-3, and tw o d e r iv a t iv e s  o f  C3, nam ely  C3b and C3bi. The 

r e c e p to r s  f o r  th e s e  o p so n in s  a re  FcR1 and FcR3 (lgG-1 and IgG-3 

re sp e c tiv e ly )  and CR1 and CR3 (C3b and C3bi). The immunoglobulin 

and complement opsonins have s e p a r a te  r o le s  d u r in g  p h a g o c y to s is . 

CR3, as d iscussed  e a r l i e r ,  i s  a  member of Mac-1 adhesion complex 

and i s  in v o lv e d  in  th e  b in d in g  o f  o p so n ise d  p a r t i c l e s  t o  th e  PMN. 

The immunoglobulins a re  capable o f s t im u la tin g  th e  whole range o f 

n e u tro p h il responses, and l ig a t io n  of the  FcR r e s u l t s  in  in g e s tio n  

and in t r a c e l lu la r  even ts involved in  m ic ro b ia l k i l l i n g  (Newman and 

Johnson 1979)*

In g es tio n  depends upon th e  se q u e n tia l re a c tio n  between opsonin and 

re c ep to r as th e  n e u tro p h il flow s around th e  p a r t ic le .  B inding of 

Fc to  i t s  re cep to r causes a  re le a s e  o f a c t in  b ind ing  p ro te in  w ith in  

the  cytoplasm , which induces a c t in  f ila m e n ts  to  form a  s o l id  g e l. 

The g e l in  tu rn  c o n tra c ts  in  response to  myosin in  th e  presence o f 

ATP. P ro d u c tio n  o f  f u r t h e r  a c t i n  b in d in g  p r o t e in  a s  a  r e s u l t  o f 

s e q u e n tia l lig an d  b ind ing  causes th e  pseudopod to  form around the  

phagocytosed p a r t i c l e  (Smolen and Boxer 1983)- The energy fo r  th i s  

p ro c e s s  i s  d e r iv e d  from  g ly c o ly s i s  and does n o t r e q u i r e  oxygen. 

S e q u e n t ia l  b in d in g  b e tw een  r e c e p to r s  and o p so n in s  le a d s  t o  a  

"zipper e f fe c t"  so th a t  th e  p a r t i c le  becomes surrounded by a  plasm a 

membrane which form s th e  phagocytic  vacuole (W right 1985)*

The R esp ira to ry  B urst

Mature n e u tro p h ils  a re  m e ta b o lic a ily  ra th e r  dormant; th ey  have few 

m i to c h o n d r i a  and  l i t t l e  e n d o p la s m ic  r e t i c u l u m .  H o w ev er,
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p e r tu r b a t io n  o f  th e  p la sm a  membrane by c o n ta c t  w ith  a  m ic ro 

o rg an ism  r e s u l t s  in  a  m arked in c r e a s e  in  m e ta b o lic  a c t i v i t y ,  

te rm ed  th e  " R e s p i r a to r y  B u r s t”. T h is  phenomenon was f i r s t  

d e s c r ib e d  by B a ld r id g e  and G erard  (1933)> who showed a  r a p id  

in c rease  in  n e u tro p h il oxygen consumption fo llo w in g  challenge w ith  

m icro-organism s. This in c re ase  in  O2 consumption i s  accompanied by 

a  rap id  in c re ase  in  g lucose o x id a tio n  v ia  th e  hexose monophosphate 

sh u n t (S b a r ra  and K arnovsky 1959)* T h is  su rg e  in  m e ta b o lic  

a c t i v i t y  i s  u sed  by th e  n e u t r o p h i l s  to  p ro v id e  en erg y  f o r  

p h a g o c y to s is  and k i l l i n g .  The oxygen consu m p tio n  i s  u sed  by th e  

c e l l 's  oxidase system  to  produce a  number o f h ig h ly  re a c tiv e  oxygen 

sp ec ie s  involved in  th e  k i l l i n g  o f m icro-organism s.

The n a tu re  o f th e  oxidase has rem ained a  su b jec t o f con troversy  fo r  

many y e a r s .  I t  i s  now u n d e rs to o d  t h a t  th e  o x id a se  sy stem  i s  

lo ca ted  on th e  plasm a membrane. Thus as the  membrane in v ag in a tes  

during  phagocytosis, to x ic  oxygen ra d ic a ls  can be produced d ir e c t ly  

in to  th e  phagosom e. The o x id a se  i s  now c o n s id e re d  n o t to  be one 

d i s c r e t e  enzym e, b u t r a t h e r  an  e l e c t r o n  t r a n s p o r t  c h a in . T h is  

u t i l i s e s  NADPH a s  an  e l e c t r o n  donor and c o n ta in s  a  n o v e l B 

cy tochrom e (B2 4 5 ) (S eg a l and Jo n es  1978), an PAD c o n ta in in g  f la v o  

p ro te in  (Cross e t  a l .  1982) and p o ss ib ly  a  ubiquinone (Crawford and 

Schneider 1982).

The o x id a se  sy s te m  o f  th e  n e u t r o p h i l  can  be a c t i v a t e d  by a  w ide 

v a r ie ty  o f p a r t ic u la te  and so lu b le  s t im u li . These a re  very  d iv erse  

in  n a tu re , rang ing  from th e  p h y s io lo g ica l such as  opsonised m icro

organism s, immune complexes and complement components, to  sy n th e tic
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compounds such as  calcium  ionophores and so lu b le  tumour prom oters. 

The p h y s io lo g ic a l  s t i m u l i  e x e r t  t h e i r  e f f e c t s  by b in d in g  to  

s p e c i f i c  r e c e p to r s  on th e  n e u t r o p h i l ’s s u r f a c e  a s  p r e v io u s ly  

d iscu ssed .

The su p e ro x id e  p roduced  by th e  n e u t r o p h i l 's  o x id a se  sy stem  i s  

ra p id ly  converted to  hydrogen peroxide and hydroxyl r a d ic a ls ,  which 

p ro v id e  m ost o f  th e  m ic r o b ic id a l  o x id a t iv e  a c t i v i t y  w i th in  th e  

phagosome. N eutrophil m yeloperoxidase w ith in  th e  prim ary  g ranu les  

in  th e  presence o f hydrogen peroxide and h a lid e  i s  re sp o n sib le  fo r  

f u r t h e r  c a t a ly s in g  fo r m a tio n  o f  a d d i t i o n a l  o x id a n ts  such  a s  

hypochlorous ac id  and f r e e  c h lo rin e  during  th e  r e s p ira to ry  b u rs t.

The p ro d u c ts  o f  th e  r e s p i r a t o r y  b u r s t  a r e  to x ic  n o t o n ly  t o  th e  

m ic ro -o rg a n ism s  b u t a l s o  to  th e  c e l l .  T h e re fo re  th e  PMN i s  

provided w ith  a  number o f enzymes which p ro te c t  a g a in s t ra d ic a ls  

th a t  may leak  from th e  phagosome. Hydrogen peroxide i s  broken down 

to  w ater through o x id a tio n  o f g lu ta th io n e , which i s  then  reduced by 

g lu ta th io n e  red u c tase  to  NADFH (Cohen e t  a l .  1987)- Super oxide i s  

capable o f spontaneous d ism u ta tio n  to  hydrogen peroxide; however, 

both  c y to so l (McCord and F ridov ich  1969) and m itochondria  (McCord 

e t  a l .  1 9 7 7 ) c o n ta in  s u p e ro x id e  d is m u ta se , w hich  i s  c a p a b le  o f 

in c re a s in g  th e  r a te  o f t h i s  re a c tio n  by a  fa c to r  o f 10^. Thus i t s  

rap id  removal would appear to  be d e s irab le .

Non O xidative K il l in g  Mechanisms

In  a d d i t io n  to  o x id a t iv e  m echanism s, th e  r o le  o f  n o n -o x id a t iv e  

p ro c e s s e s  f o r  th e  k i l l i n g  o f  m ic ro -o rg a n ism s  i s  now becom ing 

apparent. These a re  m ediated p r in c ip a l ly  by enzymes p re sen t in  th e
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prim ary g ranu les. Many o f th e  non -ox idative  p rocesses a re  p o ss ib ly  

a s s i s t e d  by changes i n  th e  pH o f  th e  phagolysozom e. Im m ed ia te ly  

f o l lo w in g  p h a g o c y to s is  th e  ly so zo m a l pH r i s e s  (Cech and L ehner 

1984; S eg a l e t  a l .  1981), and th e n  f a l l s  t o  be low  6 . T h is  

a lk a l iz a t io n  and a c id i f ic a t io n  may damage some m icro-organism s, b u t 

i t  i s  m ore l i k e l y  t o  p r o v id e  o p t im a l  pH f o r  t h e  v a r i o u s  

m ic ro b ic id a l enzymes.

The non-ox ida tive  mechanisms th a t  a re  probably  u t i l i s e d  f i r s t  a re  

th e  c a t i o n i c  p r o t e in s ,  s in c e  th e y  a re  e f f e c t i v e  a t  n e u t r a l  pH. 

They appear to  impede b a c te r ia l  r e p l ic a t io n  b u t have l i t t l e  e f f e c t  

on th e  s t r u c tu r a l  in te g r i ty  o f m icrobes. Odeberg and Olsson (1975; 

1976) showed th a t  c a t io n ic  p ro te in s  in h ib ite d  sy n th e s is  o f DM and 

RM in  Staphylococcus a reus. Iysozyme i s  a lso  a  c a tio n ic  p ro te in  

which a c ts  by b reak ing  down th e  peptidoglycans in  b a c te r ia l  c e l l  

w a l l s .  I t s  m ain  r o l e  may be in  th e  d ig e s t io n  o f  k i l l e d  m ic ro 

o rg an ism s  (Root and Cohen 1981). There a r e  a l s o  a  ran g e  o f  

p r o te a s e s  p r e s e n t  in  th e  n e u t r o p h i l  g ra n u le s  h a v in g  a  b a s ic ,  

n e u tra l  or a c id ic  pH optim a. L a c to fe rr in  p re sen t in  th e  secondary 

g ranu les has a lso  been a sso c ia te d  w ith  m ic ro b ic id a l a c t iv i ty ;  t h i s  

w i l l  be d iscussed  in  g re a te r  d e ta i l  in  a  l a t e r  se c tio n , however.

The im p o rta n c e  o f  th e s e  n o n -o x id a tiv e  k i l l i n g  m echanism s i s  

i l l u s t r a t e d  by th e  n e u tro p h il 's  a b i l i t y  to  k i l l  c e r ta in  organism s 

u n d e r a n a e ro b ic  c o n d i t io n s  (M andell 1974)* However, c e r t a i n  

organism s in c lu d in g  Staph, a reus and E. c o l i  were no t k i l l e d  under 

th e s e  c o n d i t io n s ,  s u g g e s t in g  t h a t  some o rg a n ism s  a r e  k i l l e d  

p r e f e r e n t ia l ly  by o x id a tiv e  p ro cesses  and o th e rs  by non-ox ida tive  

p ro c e sse s .
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1 .1 .2 . Monocyte/Macrophages

The m acrophage i s  a  r e l a t i v e l y  l a r g e ,  p h a g o c y tic  c e l l  o f  m y elo id  

o rig in . Unlike most c e l l s ,  macrophages have many fu n c tio n s . They 

a re  involved in  th e  k i l l i n g  o f  in t r a - c e l lu la r  p a ra s i te s  and tumour 

c e l l s ,  and scavenge fo r  fo re ig n  m a te r ia l  and e x t r a - c e l lu la r  d eb ris  

in  a d d i t io n  to  a c t i n g  a s  r e g u la to r s  o f  c e r t a i n  immune f u n c t io n s .  

U n lik e  th e  n e u t r o p h i l ,  m acrophages undergo  d i f f e r e n t i a t i o n  in  

re sp o n se  to  e n v iro n m e n ta l  ch anges which r e s u l t  in  a l te r a t io n s  in  

t h e i r  m orphology, p h y s io lo g y  and fu n c t io n .  In  a d d i t io n  to  th e s e  

d i r e c t  a s p e c ts  o f  th e  r o l e  o f  m acrophages, th e y  a r e  in v o lv e d  in  

in d ir e c t  in te ra c t io n s  w ith  lym phocytes. Both p o s i t iv e  and negative  

i n t e r a c t i o n s  o ccu r v i a  m onokines and lymphokines. These w i l l  be 

d iscussed  in  g re a te r  d e t a i l  l a t e r .

Development

Monocytes develop from th e  same stem  c e l l s  as n e u tro p h ils . Under 

t h e  i n f l u e n c e  o f  t h e  a p p r o p r i a t e  f a c t o r s ,  t h i s  s te m  c e l l  

d i f f e r e n t i a t e s  i n t o  a  p ro m o n o c y te  w h ic h  p o s s e s s e s  t h e  

c h a r a c t e r i s t i c s  o f  m a tu re  m acrophages, nam ely  th e  p re se n c e  o f  

im m unog lobu lin  r e c e p to r s ,  p h a g o c y tic  a b i l i t y  and adhesiveness to  

g la ss . Promonocytes undergo d iv is io n  and f u r t h e r  d i f f e r e n t i a t i o n  

in to  m onocy tes, w hich  th e n  le a v e  th e  bone m arrow and e n te r  th e

c i r c u l a t i o n .  The c e l l s  th e n  e n t e r  p e r ip h e r a l  t i s s u e s  w here th e y
\

d ev e lo p  in to  d i s c r e t e  m acrophage ty p e s . The ty p e  o f  c e l l  i s  

ty p ic a l  o f in d iv id u a l t i s s u e s ,  fo r  example, Kupffer c e l l s  in  th e  

l i v e r ,  a lv e o l a r  m acrophages and c o n n e c tiv e  t i s s u e  h i s t i o c y t e s .  

Together, th ese  c e l l s  make up th e  r e t ic u lo -e n d o th e lia l  system . A
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s i m i l a r  p ro c e s s  o f  m onocyte c i r c u l a t i o n  and m ig r a t io n  to  th e  

t i s s u e s  occurs during  inflam m ation , hu t a t  a  much a c c e le ra te d  ra te .

Like PM , re c o g n itio n  o f fo re ig n  m a te r ia l by mononuclear phagocytes 

i s  dependent on exogenous opsonins such as an tibody  and complement. 

M acrophages e x p re s s  d i s t i n c t  Fc r e c e p to r s ,  f o r  IgG2a and IgG2b, 

known as FcR1 and FcR2 re sp e c tiv e ly . In  ad d itio n , they  possess a t  

l e a s t  two d i s t in c t  re c ep to rs  fo r  fragm ents o f th e  th i r d  complement 

component (C3), and express a  l e c t in - l ik e  re c ep to r f o r  mannosyl or 

fu co sy l te rm in a ted  lig an d s  known as  th e  mannosyl fu co sy l recep to r 

(MFR). They a l s o  e x p re s s  r e c e p to r s  f o r  f i b r o n e c t i n  and la m in in . 

The fu n c tio n  o f Pc and C3 re c e p to rs  on th e  macrophage i s  s im ila r  to  

th o s e  on n e u t r o p h i l s .  Thus C3R a re  in v o lv e d  in  a d h e s io n  o f  th e  

o p so n ise d  p a r t i c l e  to  th e  c e l l ,  and l i g a t i o n  o f  PcR r e s u l t s  in  

phagocytosis and s tim u la tio n  o f oxygen ra d ic a l  p roduction  (Wright 

and S i lv e r s te in  1983)* P ib ro n ec tin  coated lig an d s  and lam in in  bind 

to  d i s t in c t  re c e p to rs  on macrophages and promote Pc and C3 m ediated 

phagocytosis, p o ss ib ly  by in c re a s in g  co n tac t between th e  c e l l  and 

th e  p h a g o c y tic  t a r g e t  (B e v ila c q u a  e t  a l .  1981; Bohnsack e t  a l .  

1985).

The MPR appears to  fu n c tio n  in  th e  absence o f exogenous opsonins. 

Under serum f r e e  co n d itio n s  macrophages in g e s t zymosan, which i s  

r ic h  in  manose, v ia  t h e i r  MPR. (Berton and Gordon 1983). However, 

t h i s  f u n c t io n  h a s  been  q u e s tio n e d , s in c e  m acrophages a r e  a b le  to  

s y n th e s is e  a l l  th e  com plem ent com ponents r e q u ir e d  f o r  l o c a l  

o p so n isa tio n  (Ezekowitz e t  a l .  1985).
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S tru c tu re

The morphology j>f monocytes and macrophages i s  c o n s is te n t w ith  th a t  

o f a c tiv e  c e l l s  producing and s e c re t in g  p ro te in s  c o n stan tly . The 

abundan t c y to p la sm  i s  r i c h  in  rough  and sm ooth en d o p lasm ic  

re ticu lu m , has a  w e ll developed g o lg i apparatus and many lysozom al 

g ra n u le s . As m onocytes d i f f e r e n t i a t e  in to  m acrophages, th e y  

en large  t h e i r  cytoplasm  w ith  an in c rease  in  lysozom al g ranu les and 

endoplasm ic re ticu lu m .

M etab o lica lly  a c tiv e  macrophages possess lymphocyte re c e p to rs , and 

i t  has been suggested  th a t  th e  b ind ing  of thym ocytes to  macrophages 

induces m atu ra tio n  in  th e  fo rm er; th i s  u n d e rlie s  th e  im portance o f 

c o - o p e r a t i o n  b e tw e e n  m a c ro p h a g e s  and  ly m p h o c y te s  d u r in g  

inflam m ation  and immunity.

Function

In  a d d i t io n  to  i t s  p h a g o c y tic  f u n c t io n s ,  th e  m acrophage i s  

e s s e n t i a l l y  a  s e c r e to r y  c e l l ,  and i t  i s  th e  v a r i e t y  o f  d i f f e r e n t  

m o le c u le s  p roduced  t h a t  e x p la in s  i t s  m u lt i - p o te n c y . U n lik e  

n e u t r o p h i l s ,  th e  m a jo r i ty  o f  s e c r e t i o n s  from  m acrophages a re  

sy n thesized  de novo fo llo w in g  s tim u la tio n . The excep tions to  th i s  

a re  a  number o f preform ed h y d ro ly tic  enzymes con tained  w ith in  the  

ly s o z o m e s .  T h ese  a r e  p r i m a r i l y  in v o lv e d  in  i n t r a c e l l u l a r  

degradative  fu n c tio n s . A m ajor product o f macrophages i s  lysozyme, 

a c c o u n tin g  f o r  0.5 to  2.5 % o f  th e  c e l l ’s t o t a l  p r o te in .  A lso , 

macrophages produce e la s ta s e  and co llagenase  which may be involved 

in  wound h ea lin g , and plasm inogen a c t iv a to r  which appears to  have a  

broad spectrum  o f a c t i v i t i e s .



The c e l l  s tim u la to ry  agen ts  produced by macrophages a re  now su b jec t 

to  a  v a s t  amount o f re sea rch . These include IL - 1 and TUP, which 

w i l l  be d iscussed  in  g re a te r  d e t a i l  l a t e r .  Also, the  macrophage i s  

th e  source o f complement components C2, C3, C4 and C5 (L ittm an and 

Ruddy 1977)* Thus, l o c a l  p ro d u c tio n  o f  com plem ent p r o te in s  by 

m acrophages may p ro v id e  one o f  th e  i n i t i a l  re s p o n se s  to  t i s s u e  

in ju r y  or m ic r o b ia l  in v a s io n . In  a d d i t io n ,  th e  com plem ent 

com ponents co u ld  a f f e c t  l o c a l  v a s c u la r  p e r m e a b i l i ty  and in d u ce  

chem otaxis o f fu r th e r  leu co cy tes  to  th e  inflam m atory locus.

Upon s tim u la tio n , macrophages undergo a  rap id  o x id a tiv e  b u rs t  w ith  

th e  p roduction  o f re a c tiv e  oxygen sp ec ie s  s im ila r  to  th a t  occuring  

in  n e u t r o p h i l s .  I t  h a s  b een  shown t h a t  th e s e  a r e  in v o lv e d  in  th e  

tu m o u r ic id a l  and m ic r o b ic id a l  a c t io n s  o f  m acrophages. Work h a s  

in d ic a te d  th a t  th e se  oxygen in te rm e d ia te s  a re  a lso  re sp o n sib le  fo r  

some o f th e  immunosuppresive a c t i v i ty  o f s tim u la te d  macrophages.

In  th e  absence o f any inflam m atory  s tim u la tio n , th e  newly a rr iv e d  

b lo o d  m onocyte u n d e rg o es  some m o rp h o lo g ic a l and b io c h e m ic a l 

m o d if ic a t io n s ,  b u t re m a in s  a s  a  q u ie s c e n t  c e l l ,  known a s  th e  

r e s id e n t  m acrophage. I f  how ever, an  in f la m m a to ry  s t im u lu s  i s  

p re sen t, e i th e r  monocytes or re s id e n t macrophages undergo a  process 

o f  e n la rg e m e n t and m e ta b o lic  s t im u la t io n  t h a t  r e s u l t s  in  a  c e l l  

r e f e r r e d  to  a s  an  in f la m m a to ry  o r s t im u la te d  m acrophage. T h is  

p ro c e s s  i s  c h a r a c te r i s e d  by a  s y n th e s i s  o f  5 '  n u c le o t id a s e ,  

in c reased  a b i l i t y  to  phagocytose p a r t i c le s  v ia  th e  C3b re cep to r and 

in c re a s e d  hexose  m onophosphate sh u n t a c t i v i t y  r e s u l t i n g  in  02“ 

p roduction  (however no in c rease  in  H2O2 s e c re tio n  occurs).
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The f i n a l  s ta g e  in  m acrophage m a tu ra t io n  i s  th e  p ro d u c tio n  o f  an  

a c tiv a te d  macrophage. This c e l l  i s  u su a lly  defined  as  po ssess in g  

s p e c i f i c  e f f e c t o r  f u n c t i o n s ,  s u c h  a s  t h e  a b i l i t y  t o  k i l l  

i n t r a c e l lu la r  organism s or tumour c e l l s .  Development in to  a  t ru e  

a c tiv a te d  macrophage only occurs in  response to  f a c to r s  produced by 

a c t i v a t e d  ly m p h o c y te s  (M a ck a n ess  1 9 7 0 ). B e c a u se  o f  t h i s  

re q u ire m e n t f o r  lym phocy te  p ro d u c ts ,  a c t iv a te d  macrophages only 

o ccu r l a t e  on in  an  in f la m m a to ry  r e a c t io n  an d .m o re  u s u a l ly  in  

co n d itio n s  o f ch ron ic  inflam m ation . The lymphokine re sp o n sib le  fo r  

th e  a c t i v a t i o n  o f  m acrophages i s  r e f e r r e d  to  a s  M acrophage 

A c tiv a tin g  F acto r (MAF), and i s  produced by a c tiv a te d  T c e l l s .  MAF 

has re c e n tly  been id e n t i f ie d  as In te rfe ro n  gamma (IFN gamma). The 

a c t i v a te d  m acrophage i s  c h a r a c te r i s e d  by th e  p roduction  o f la rg e  

q u a n t i t ie s  o f which i s  a  p o ten t tu m o u ric id a l and b a c te r ic id a l

agen t.

The m acrophage i s  now w id e ly  a c c e p te d  a s  an  a c c e s s o ry  c e l l  i n  

in f la m m a tio n  and im m un ity . M osier (1967) n o te d  t h a t  rem oval o f  

macrophages from sp leen  c e l l  c u ltu re s  prevented p roduction  o f a n t i -  

sh eep  re d  b lo o d  c e l l  a n t ib o d ie s .  Oppenheim e t  a l . ( 1968) showed 

t h a t  lym phocy te  p r o l i f e r a t i o n  i n  re sp o n se  to  a n t ig e n s  was a l s o  

macrophage dependent. Since then , macrophages have been shown to  

be e s s e n t ia l  fo r  th e  a c t iv a t io n  o f T c e l l s  in  response to  an tig en s , 

m itogens and a llo g e n e ic  c e l l s .  The requirem ent o f macrophages fo r  B 

c e l l  a c t i v a t i o n  h a s  a ls o  been  d e m o n s tra te d . The m echanism s by 

which macrophages enhance immune responses can be d iv ided  in to  two 

c a te g o r ie s .  The f i r s t  in v o lv e s  a n t ig e n  u p ta k e , p ro c e s s in g  and 

p re se n ta tio n . The second invo lves p roduction  o f monokines and a t
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t h i s  l e v e l  can  be c o n s id e re d  a s  n o n - s p e c i f ic  ( s p e c i f i c i t y  b e in g  

m a in ta in e d  a t  th e  l e v e l  o f  m onokine r e c e p to r  e x p re s s io n  a s  

d e s c r ib e d  la te r ) .

E ossal e t  a l .  (1967) were f i r s t  to  show th a t  la b e l le d  an tig en s  were 

lo c a l is e d  and p e r s is te d  fo r  long  perio d s  in  macrophages. A re p o r t 

by S ch w artz  (1987) h a s  d e m o n s tra te d  t h a t  p e p t id e s  a re  f i r s t  

in g ested  by th e  macrophage, then  degraded and re -ex p ressed  on the  

m acrophage 's  s u r f a c e  a s  a  com plex w ith  RLA-DR a n t ig e n s .  The 

a n t ig e n  i s  th e n  p re s e n te d  t o  th e  T c e l l  by th e  l a t t e r ' s  a n t ig e n  

r e c e p to r ,  p ro v id e d  t h i s  i s  com p lem en ta ry  w ith  th e  HLA-DR on th e  

m a c ro p h a g e . The c o m b in a t io n  o f  p r o c e s s e d  a n t i g e n  and  

complementary HLA-DR an tig en s  i s ,  however, in s u f f ic ie n t  fo r  op tim al 

lym phocy te  s t im u la t io n .  In  a d d i t io n ,  th e  m onokines a re  a ls o  

req u ired .

Prom t h i s  in fo r m a t io n ,  th e  m acrophage can  be c o n s id e re d  to  be 

in v o lv e d  in  fo u r  m a jo r f u n c t io n a l  a c t i v i t i e s .  F i r s t ,  th e y  

in te r a c t  w ith  and degrade in fe c tio u s  agen ts , immune aggregates and 

endogenous b io lo g ic a l  substances. Second, they  i n i t i a t e  and enhance 

im m unological a c t iv a t io n  o f lymphocytes. Third, they  a re  e f fe c to r  

c e l l s  c a p a b le  o f  d e s t r o y in g  tum our c e l l s  and c i r c u l a t i n g  m ic ro 

organism s and fo u r th , th ey  have a  suppressive  fu n c tio n  in  immunity. 

The f i r s t  fu n c tio n  may be seen  as a  f i l t e r i n g  p rocess invo lv ing  the  

c e l l 's  phagocytic c a p a b i l i ty  and u t i l i s i n g  i t s  lysozom al h y d ro ly tic  

enzymes. I f  th e  fo re ig n  m a te r ia l p e r s i s t s ,  then  th e  immune system 

i s  re c ru ite d . This invo lves th e  macrophage p re sen tin g  th e  an tig en  

to  lymphocytes in  an enhanced immunogenic form and in c re a s in g  the
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l a t t e r  c e l l s '  re sp o n se  by p ro d u c tio n  o f  IL -1 . The e f f e c t o r  

f u n c t io n  o f  m acrophages co u ld  th e n  be i n i t i a t e d  by p o s i t i v e  

feedback from lymphocytes by, fo r  example, INF gamma . This s tag e  

o f  a c t i v a t i o n  w ould a g a in  r e q u i r e  p e r s i s t e n c e  o f  a n t ig e n  to  

m ain ta in  th e  s t im u la tio n  o f th e  lymphocytes. F in a lly , a  le s s  w e ll 

d e f in e d  m acrophage s u p p re s s o r  f u n c t io n  w ould come in to  p la y  and 

red u ce  th e  r e a c t io n .

1.1.5« Lymphocytes

The d e f i n i t i o n  o f  tw o m a jo r s u b -p o p u la t io n s  o f  ly m p h o cy tes  was 

d e r iv e d  from  s tu d i e s  in  c h ic k e n s  by Cooper e t  a l .  (1966). They 

d e m o n s tra te d  t h a t  th e  b u r s a  o f  F a b r ic iu s  and thym us a re  c e n t r a l  

lymphoid organism s fo r  th e  development of immunity in  th a t  sp ec ies. 

Considerable developm ents in  th e  understand ing  o f th e  ro le  T and B 

ly m p h o cy tes  in  in f la m m a tio n  and im m unity  h a s  s in c e  o c c u rre d . 

A lthough  th e  ly m p h o cy tes  a r e  e s s e n t i a l l y  im m unocytes, t h e i r  

im portance in  in flam m ation  i s  c le a r . The T c e l l s  have e s s e n t ia l ly  

two e f fe c to r  fu n c tio n s : th e  cy to to x ic  k i l l i n g  o f ta rg e t  c e l l s  and 

th e  r e l e a s e  o f  lym p h o k in es  w hich  r e g u la te  th e  f u n c t io n  o f  o th e r  

in f la m m a to ry  c e l l s .  The p r i n c i p a l  r o le  o f  B ly m p h o cy tes  i s  

s e c r e t i o n  o f  im m u n o g lo b u lin  (by th e  f u l l y  d i f f e r e n t i a t e d  p la sm a  

c e l l )  a n d  t h e  m a i n t e n a n c e  o f  i m m u n o l o g i c a l  m e m o ry . 

A ntibody/an tigen  complexes p o te n tia te  inflam m ation by th e i r  d i r e c t  

o p so n ic  e f f e c t s  and by a c t i v a t i n g  th e  com plem ent c a sc ad e  w hich 

produces fu r th e r  opsonins. Complement components a re  a lso  d i r e c t ly  

c y to to x ic , and hence th e  hum oral immune e f f e c t s  o f a n tib o d ie s  a re  

p a r t i c u l a r l y  e f f e c t i v e  a g a in s t  th e  e x t r a - c e l l u l a r  p h a se s  o f  

b a c te r ia l  and v i r a l  in fe c tio n s .
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There i s  a  po p u la tio n  o f lymphoid c e l l s  which behave n e ith e r  l ik e  T 

c e l l s  nor B c e l l s  and a re  designa ted  n u ll  c e l l s .  Among th e se  c e l l s  

a re  n a tu ra l  k i l l e r  c e l l s  (NK) which, u n lik e  o th e r lym phocytes, a re  

capable o f ly s in g  a  v a r ie ty  o f transfo rm ed  c e l l s  in  c u ltu re  w ithou t 

p r i o r  s e n s i t i s a t i o n .  NK c e l l s  may p la y  a  r o l e  in  th e  d e fen ce  

a g a in s t v i r a l  in fe c tio n s  and tumour c e l l s .  The c la s s i f i c a t io n  o f 

lymphocytes in to  two m ajor sub-popu la tions began w ith  th e  work o f 

R aff (1971)- He dem onstrated th a t  a n ti- im m u n o g lo b u lin  a n t ib o d ie s  

and a n tib o d y  to  th e  THY-1 a n t ig e n  co u ld  be u sed  to  i d e n t i f y  and 

sep a ra te  fu n c tio n a lly  d i s t in c t  lymphocytes. A v a s t amount o f d a ta  

h a s  s in c e  em erged on th e  e x p re s s io n  o f  s u r f a c e  pheno type  on b o th  

lym phoid  and m y e lo id  c e l l s ;  and t h i s  was c o l l a t e d  by th e  T h ird  

In te rn a tio n a l Workshop on Human D if fe re n tia t io n  Antigens in  1986. 

The c o n fe re n c e  p roduced  a  l i s t  o f  50 c l u s t e r  d e te rm in a n t  (CD) 

g ro u p s , w hich i s  now th e  a c c e p te d  n o m e n c la tu re  f o r  th e  human 

leucocy te  d i f f e r e n t ia t io n  an tig en s.

1 .1 .3a. T lymphocytes

The T Lym phocyte p la y s  a  c r i t i c a l  r o le  in  th e  r e g u la t io n  o f  th e  

immune re sp o n se  and a p p e a rs  to  be th e  c e n t r a l  r e g u la to r y  c e l l  

r e s p o n s ib le  f o r  f o c u s s in g  in f la m m a to ry  re s p o n se s  on s p e c i f i c  

ta rg e ts ,  e i th e r  by d i r e c t  cy to to x ic  e f f e c t s  or by enhancing B c e l l  

and monocytes/macrophage responses.

T lymphocyte Development

T lymphocyte p recu rso rs  a re  found in  th e  yolk  sac  and l iv e r  o f the  

f o e tu s  and in  th e  bone m arrow and s p le e n  o f  th e  a d u l t .  The 

immature c e l l s  then  m igrate  to  th e  thymus, where they  d i f f e r e n t ia te
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and a c q u ir e  th e  p h e n o ty p ic  c h a r a c t e r i s t i c s  and im m u n o lo g ica l 

r e a c t iv i ty  o f m ature T c e l l s  (Stutman 1978). Once seeded by T c e l l  

p re cu rso rs , p r o l i f e r a t io n  o f T lymphocytes in  th e  thymus occurs a t  

an enormous r a te ,  such th a t  around 99?o o f thym ocytes a re  d estined  

to  d ie  w ith o u t  m a tu r in g . T h is  r a p id  tu rn o v e r  (com bined w ith  

r e s u l t s  o f  e x p e r im e n ts  show ing  t h a t  i r r a d i a t i o n  o f  m urine  bone 

m arrow  does n o t a f f e c t  in t r a - th y m ic  p o p u la t io n s  o r th e  m a tu re  T 

c e l l  pool in  p e r ip h e ra l  t is s u e s ) ,  has led  to  th e  su ggestion  th a t  T 

c e l l  num bers a re  m a in ta in e d  by an in t r a - th y m ic  s e l f - r e n e w in g  

p recu rso r pool (Adkins e t  a l .  1987). The im portance o f th e  thymus 

in  T c e l l  dev e lo p m en t i s  h ig h l ig h te d  by th e  i n a b i l i t y  o f  T 

lymphocyte p recu rso rs  to  e x h ib it  any o f th e  e f fe c to r  fu n c tio n s  o f 

m atu re  c e l l s .  The T c e l l  f u n c t io n s  m en tioned  above a re  a t  l e a s t  

p a r t i a l l y  d ep en d en t upon th e  e x p re s s io n  o f  a  v a r i e t y  o f  c e l l  

su rface  an tig en s . These inc lude  th e  T c e l l  re c e p to r , growth fa c to r  

r e c e p t o r s ,  t h e  r e c o g n i t i o n  a n t i g e n s  w h ic h  p a r t i c i p a t e  i n  

in te ra c t io n s  w ith  c la s s  1 and 2 MHC s tru c tu re s ,  homing re c ep to rs  

in v o lv e d  in  th e  hom ing o f  em erg en t th y m o cy tes  t o  th e  p e r ip h e r a l  

lym phoid  o rg a n s , and an abundance o f  m o le c u le s  w hich  have been  

c h a ra c te r is e d  bu t have y e t to  be assigned  a  fu n c tio n . Thymocytes 

express to  a  g re a te r  or le s s e r  degree most o f th e se  m arkers and th e  

r e l a t i v e  e x p re s s io n  i s  c o n s id e re d  a s  an in d i c a to r  o f  m a tu ra t io n  

(A dkins e t  a l .  1987).

U sing  th e  CD c l a s s i f i c a t i o n ,  m a tu re  T c e l l s  a re  d iv id e d  in to  th e  

CD4+ (h e lp e r )  p h eno type  and th e  CD8+ ( s u p p r e s s o r /c y to to x ic )  

ph en o ty p e. The CD4"1" s u b -p o p u la t io n  f u n c t io n s  by p ro d u c tio n  o f  

s o lu b le  m e d ia to rs  su ch  a s  IL -2  and B~C ell f a c t o r s  w hich  a m p lify
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immune and inflam m atory  responses. The CD8+ lym phocytes fu n c tio n  

as e f fe c to r s  which recogn ise  and e lim in a te  c e l l s  b ea rin g  in fe c tio u s  

a g e n ts  and tum our a n t ig e n s .  U n lik e  B c e l l s ,  w hich  m e d ia te  t h e i r  

a n t ig e n  s p e c i f i c  f u n c t io n s  v i a  s e c r e t e d  o r  m em brane bound  

im m u n o g lo b u l in s  t h a t  b in d  s o l u b l e  l i g a n d s ,  T c e l l s  a r e  

predom inantly  responsive  to  c e l l  su rface  an tig en s. S p e c if ic a l ly , T 

lym phocyte  membrane r e c e p to r s  re c o g n is e  a n t ig e n  on a n t ig e n  

p re sen tin g  c e l l s  (APCs), which express autologous c la s s  1 or c la s s  

2 major h is to c o m p a ta b ility  complex p ro te in s  on th e i r  su rface . This 

in te r a c t io n  betw een T c e l l s  and APCs r e s u l t s  in  th e  a c t iv a t io n  o f 

CD4+ and CD8+ T c e l l s  and le a d s  to  p r o l i f e r a t i o n ,  lym phokine 

p roduction  and ta r g e t  c e l l  ly s is .

T lymphocyte R eceptors

M ature T c e l l s  p o s s e s s  a  num ber o f  c e l l  s u r f a c e  r e c e p to r s  w hich  

have f u n c t io n s  c o n s i s t e n t  w ith  th e  a c t i v i t i e s  o f  T c e l l s .  The T 

c e l l  r e c e p to r  (TCR), by w hich  T c e l l s  re c o g n is e  a n t ig e n  h as 

s t im u la te d  a  c o n s id e ra b le  am ount o f  i n t e r e s t  o v e r r e c e n t  y e a r s  

(reviewed by Oettgen and T erhorst 1987). The TCR has been shown to  

be an 80-90  KDa g ly c o p r o te in  c o n ta in in g  tw o d is u lp h id e - l in k e d  

c h a in s , a lp h a  and b e ta .  The p re se n c e  o f  c o n s ta n t  and v a r i a b le  

re g io n s  o f  th e  p r im a ry  s t r u c t u r e  h a s  been  d e m o n s tra te d ; th e  

rearrangem ent o f th e  genes encoding th e  recep to r has been observed. 

Thus th e  TCR i s  in  many ways s i m i l a r  to  a n t ig e n  s p e c i f i c  s u r f a c e  

im m u n o g lo b u lin s  on B c e l l s .  In  a d d i t io n ,  th e  TCR i s  p h y s ic a l ly  

a s s o c ia te d  w ith  a  g roup  o f  p r o te in s  te rm ed  th e  T-3 com plex (CD3 ) 

w hich  c o n s i s t s  o f  th r e e  m onom orphic m o le c u le s  (a lp h a , d e l t a  and 

e p s i l o n ) .  The T3 c o m p le x  i s  th o u g h t  t o  be  in v o lv e d  in
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transmembrane s ig n a ll in g .

In  a d d i t io n  to  th e  TCR, human T c e l l s  b e a r  tw o o th e r  r e c e p to r s  

involved in  a c t iv a t io n , th e  sheep e ry th ro cy te -b in d in g  recep to r (E 

r e c e p to r )  and th e  IL -2  r e c e p to r .  E x p re s s io n  o f  th e  l a t t e r  can  be 

in d u ced  by a n t ig e n  b in d in g  to  th e  TCR or by a n t ib o d ie s  to  th e  E 

recep to r. S tim u la tio n  o f IL-2 re c ep to r expression  by one o f th e se  

m echanism s makes th e  c e l l  u n re s p o n s iv e  to  th e  o th e r .  T h e re fo re , 

sim ultaneous l ig a t io n  o f both  TCR and E recep to rs  w i l l  in h ib i t  IL-2 

r e c e p to r  e x p re s s io n  and p re v e n t  p r o l i f e r a t i o n  o f  th e  T c e l l .  

R e rb e r t  and W atson (1986) have u sed  t h i s  phenomenon to  d ev e lo p  a  

h ypo thesis  to  e x p la in  autologous T c e l l  to le ra n ce  during  ontogeny. 

They p o s tu la te  th a t  Ts produce a  c e l l  su rface  m olecule (suppressor 

lymphocyte a sso c ia te d  m olecule, SAM) which i s  th e  lig an d  fo r  the  E 

r e c e p to r .  Thus, Ts w ould i n h i b i t  p r o l i f e r a t i o n  o f  T c e l l s  

a c tiv a te d  by autologous antigen/TCR in te ra c t io n  by sim ultaneously  

l i g a t i n g  th e  re sp o n d in g  c e l l s ’ E r e c e p to r  by SAM. D uring  T c e l l  

development in  th e  thymus Ts would, th e re fo re , be ab le  to  in h ib i t  

p r o l i f e r a t io n  o f s e l f - r e a c t iv e  T c e l l s  w h ils t  enhancing th e  growth 

o f n o n -se lf  re a c tiv e  thym ocytes by s tim u la tin g  exp ression  o f IL-2 

re c ep to rs  v ia  E receptor/SAM in te ra c t io n  only.

In  ad d itio n , T c e l l s  express su rface  adhesion m olecules o f th e  Mac 

1 f a m i l y  w h ic h  h a v e  b e e n  d e s c r i b e d  u n d e r  t h e  s e c t i o n  on 

n e u tro p h ils .

T lymphocyte Function

T c e l l s  m ediate th e  e f fe c to r  arm o f c e l lu la r  immunity v ia  c y to ly tic  

e f f e c ts  (Tc) used to  combat in t r a c e l lu la r  in fe c tio n s , tumour c e l l s
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and f o r e ig n  t i s s u e s .  In  a d d i t io n ,  T c e l l s  p e rfo rm  a  r e g u la to r y  

ro le  in  e i th e r  prom oting or supp ress in g  the  development o f immune 

f u n c t io n s .  A n tig en  s p e c i f i c  r e g u la to r y  T c e l l s  can  he e i t h e r  

h e lp e r / in d u c e r  (T h /T i, CD4+) o r s u p p re s s o r  (Ts, CD8 +) ty p e s  a s  

p rev io u s ly  d iscussed . S ince th e  Th fu n c tio n s  a re  m ediated la rg e ly  

through s e c re t io n  o f cy tok ines (which a re  d iscussed  in  g re a t d e ta i l  

l a t e r ) ,  only  Ts and Tc fu n c tio n s  w i l l  he d iscussed  here.

Suppressor T lymphocytes

The a n t ig e n  s p e c i f i c  Ts f u n c t io n s  rem a in  p o o r ly  u n d e rs to o d ; 

how ever, th e y  a r e  th o u g h t t o  a c t  hy i n h i b i t i n g  Th f u n c t io n s .  The 

w ork o f  Damle (1986) s u g g e s ts  t h a t  CD8+ Ts r e c o g n is e  a n t ig e n  

s p e c if ic  s tru c tu re s  on th e  su rface  o f an tig en  re a c tiv e  CD4+ c e l l s  

and th a t  t h i s  in te r a c t io n  i n i t i a t e s  m atu ra tion  and c lo n a l expansion 

o f  th e  Ts c e l l s .

A b e t t e r  c h a r a c te r i s e d  m echanism  o f  s u p p re s s io n  hy Ts i s  th e  

p roduction  o f so lu b le  immune re sp o n se  s u p p re s s iv e  f a c t o r  (SIRS), 

which n o n -s p e c if ic a lly  in h ib i t s  in  v i t r o  p ro l i f e r a t io n  and antibody 

re s p o n se s  to  th y m ic  d ep en d en t and th y m ic  in d e p e n d e n t a n t ig e n s  

(P ie rc e  and Tadakuma 1977)- SIRS i s  n o t c y to to x ic  and does n o t 

in h ib i t  T c e l l  fu n c tio n s  such as  in d u c tio n  o f c y to ly t ic  T c e l l s  and 

th e  m ixed lym phocy te  r e a c t io n .  SIRS does n o t a c t  d i r e c t l y  on B 

c e l l s ,  b u t depends upon th e  p re se n c e  o f  m acrophages w hich a r e  

induced to  become supp ress iv e . The mechanism by which macrophages 

m e d ia te  t h i s  s u p p re s s io n  o f  B c e l l s  i s  u n c le a r ;  c a n d id a te s  co u ld  

h o w e v e r be p r o s t a g l a n d i n s ,  th y m id in e  a n a lo g u e  and  o x y g en  

i n t e r m e d i a t e s ,  a l l  o f  w h ic h  a r e  know n t o  be p ro d u c e d  by
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macrophages. Another mechanism re q u ire s  d ir e c t  c e l l  co n tac t. Ptak 

e t  a l .  (1 9 7 7 ) d e m o n s tra te d  t h a t  m acrophage m em branes w i l l  b lo c k  

immune re s p o n se s  in  v i t r o . They p o s tu la ted  th a t  th e se  membranes 

b in d  n e c e s s a ry  g ro w th  f a c t o r s ,  th e re b y  p re v e n t in g  lym phocy te  

a c t iv a tio n .

T lymphocyte C y to to x ic ity

The m a jo r i ty  o f  th e  work co n d u cted  in to  c y to to x ic  T ly m p h o cy tes  

(CTLs) has involved th e  use o f allo-im m une T c e l l s  produced in  vivo 

by in je c t io n  o f normal or n e o p la s tic  a llo g e n e ic  c e l l s ,  or in  v i t r o  

in  th e  m ixed lym phocy te  r e a c t io n  (MLR) a g a in s t  i r r a d i a t e d  o r 

mytomycin C t r e a te d  lymphocytes. This work revealed  th e  im portance 

o f MHC m olecules in  CTL responses; however, a p a r t from i t s  obvious 

im portance to  tra n s p la n ta t io n s , i t  i s  d i f f i c u l t  to  envisage a  tru e  

p h y s io lo g ic a l  r o l e  f o r  th e  CTL phenomenon in  t h i s  c o n te x t .  

C u r io u s ly , in  th e  one p h y s io lo g ic a l  c o n d i t io n  in  w hich  a l i o  

g r a f t i n g  o c c u rs , i .e .  in  p reg n an cy , a l i o  immune CTL do n o t a p p ea r 

to  be  in v o lv e d  i n  c a u s in g  a b o r t i o n .  Of g r e a t e r  i n  v iv o  

s ig n i f i c a n c e  i s  th e  MHC r e s t r i c t e d  c y to to x ic  re s p o n se , w hereby 

immune e f f e c t o r  c e l l s  and th e  a n t ig e n  b e a r in g  c e l l s  a r e  MHC 

com patib le. This occurs a g a in s t v iru s  in fe c te d  c e l l s ,  w ith  tumour 

a sso c ia te d  an tig en s and c e l l s  th a t  have been m odified  by chem icals 

such as tr in i tro p h e n o l.

The c l a s s i f i c a t i o n  o f  c y to to x ic  lym phoid  c e l l s  h as  rem a in ed  

c o n t r o v e r s i a l  d e s p i t e  many y e a r s  o f  r e s e a rc h .  C la s s i c a l l y ,  any 

lymphoid c e l l  capable o f non MHC r e s t r i c t e d  c y to to x ic i ty  has been 

c o n s id e re d  a  n a tu r a l  k i l l e r  c e l l ,  w hereas c e l l s  w ith  a n t ig e n  

s p e c i f ic i ty  have been id e n t i f ie d  as  CTL. L asie r and P h i l l ip s  (1986)
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h a v e  a t t e m p t e d  t o  r e c t i f y  t h i s  s i t u a t i o n  by  p r o p o s in g  a  

c l a s s i f i c a t i o n  f o r  th r e e  ty p e s  o f  human c y to to x ic  ly m p h o cy tes . 

These a re :

1) an tig en  s p e c if ic ,  MHC r e s t r i c t e d  CTL th a t  recogn ise  ta r g e ts  v ia  

the  T c e l l  re cep to r complex.

2) CTL which recogn ise  ta r g e ts  independent o f MHC r e s t r i c t i o n  bu t 

w ith  th e  T c e l l  recep to r.

3) non-MHC r e s t r i c t e d  UK c e l l s  w hich do n o t e x p re s s  th e  T c e l l  

re c ep to r . They suggest th a t  th e se  a re  d i s t in c t  from T c e l l s .

The Mechanism o f Target C ell l y s i s

The way in  which e f fe c to r  c e l l s  m ediate th e  ly s i s  o f ta rg e t  c e l l s  

h a s  y e t  t o  be f u l l y  e lu c id a te d .  However, th e  im p o rta n c e  o f  c e l l  

c o n ta c t  i s  c l e a r  f o r  a l l  th e  c e l l  ty p e s  in v o lv e d . As p re v io u s ly  

d is c u s s e d ,  b o th  n e u t r o p h i l s  and m acrophages a r e  in v o lv e d  in  th e  

c y to to x ic  p ro c e s s ,  a s  a re  e o s in o p h i ls .  The re q u ire m e n t f o r  

a n t ib o d ie s  and d i r e c t  c o n ta c t  h a s  r e s u l t e d  in  t h i s  p ro c e s s  b e in g  

te rm ed  a n tib o d y  d ep en d en t c e l l  m ed ia ted  c y to to x ic i ty  (ADCC). In  

th e  case o f CTLs th e  c o n tac t i s  m ediated v ia  the  MHC m olecules and 

th e  T c e l l  re c ep to r as d iscussed .

The m echanism  by w hich  T c e l l s  in d u ce  l y s i s  in  t a r g e t  c e l l s  h as 

been  re v ie w ed  by Young and Cohn (1986). F o llo w in g  c o n ta c t  o f  CTL 

to  ta r g e t ,  th e  p e rm e ab ility  o f th e  ta r g e t  c e l l  membrane in c rease s . 

T h is  h a s  been  a s s o c ia te d  w ith  p o re  fo rm a tio n  in  th e  membrane. 

U n like  PMUs and m acrophages, ly m p h o cy tes  do n o t u t i l i s e  oxygen 

s p e c ie s  f o r  t h e i r  c y t o l y t i c  a c t i v i t i e s .  However, c y to p la sm ic  

g ra n u le s  have b een  im p l ic a te d  in  l y t i c  f u n c t io n s  o f  CTLs and UK
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c e l l s .  I s o la te d  g ran u les  have been shown to  fu se  w ith  th e  ta r g e t  

c e l l  membrane and to  induce pore fo rm atio n  in  a  calcium  dependent 

manner s im ila r  to  th a t  seen w ith  in ta c t  CTL. Young and Cohn have 

is o la te d  and p a r t i a l l y  c h a ra c te r is e d  a  pore form ing p ro te in  (PFP, 

a l s o  te rm ed  p e rfo r in  o r c y to ly s in )  from  CTL g ra n u le s  and have 

dem onstrated th a t  t h i s  m olecule i s  rem arkably conserved over a  wide 

range o f sp ec ie s . This PFP was shown to  share  im m unological c ro ss  

r e a c t iv i ty  w ith  th e  n in th  complement component (C9)* PFP i s  no t, 

how ever, th e  o n ly  lym phocy te  g ra n u le  c o n s t i t u e n t  in v o lv e d  in  

c y t o l y t i c  r e a c t i o n s .  S e r in e  e s t e r a s e s ,  p r o t e o g l y c a n s  and  

lym photoxin (TEF-beta) have a lso  been im p lica ted . Exam ination o f 

CTL m ediated ta r g e t  c e l l  l y s i s  rev ea led  th a t  re le a s e  o f  cytoplasm  

was p a ra l le le d  by re le a s e  o f DM fragm ents. S ince TEF b e ta  appears 

to  m e d ia te  n u c le a r  dam age, i t  was su g g e s te d  t h a t  TEF b e ta  i s  

in j e c t e d  th ro u g h  th e  p o re  made by PFP, th u s  c a u s in g  i r r e p a r a b l e  

c e l l  damage.

1 .1 . 3b. B lymphocytes

The B lymphocyte i s  c h a ra c te r is e d  by i t s  ex p ression  o f su rface  Ig  

(s lg ) which a c ts  as th e  c e l l ’s  an tig en  recep to r. Cross linkage o f 

th e  s lg  by s p e c if ic  an tig en  m olecules r e s u l t s  in  t r ig g e r in g  o f th e  

B lymphocyte; however, as  w i l l  be d iscussed  below, t h i s  by i t s e l f  

i s  in s u f f ic ie n t  to  promote an tibody  production.

B lymphocyte Development

B ly m p h o cy tes  b e a r in g  s l g  can  be d e te c te d  in  th e  f o e t a l  l i v e r  o f  

man a t  approxim ately  9-12 weeks g e s ta tio n . The c e l l s  a re  derived  

fro m  a  p l u r i p o t e n t  s te m  c e l l  common t o  T ly m p h o c y te s ,
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m eg ak ary o cy tes  and e r y th r o c y te s .  The h e p a t ic  B ly m p h o cy tes  a re  

preceded by pre-B  c e l l s  c h a ra c te r is e d  by th e i r  la ck  o f s lg  and th e  

presence o f sm all amounts o f cy top lasm ic IgM (Raff 1977)* However, 

as f o e ta l  development proceeds, th e  number o f h e p a tic  pre-B  c e l l s  

d im in ishes w h ils t  the  number o f pre-B  c e l l s  in  th e  bone marrow and 

s p le e n  in c r e a s e s .  A f te r  b i r t h  and in  th e  a d u l t ,  p re -B  c e l l s  a re  

only found in  th e  bone marrow. The mechanisms which c o n tro l B c e l l  

development a re  s t i l l  po o rly  u n d e rs to o d . R ecen t work u s in g  lo n g  

term  bone marrow c u ltu re s  has in d ic a ted  a  c lo se  a s s o c ia tio n  between 

bone marrow stro m a l c e l l s  and lym phopoiesis. This i s  thought to  

in v o lv e  b o th  d i r e c t  c o n ta c t  b e tw een  th e  im m atu re  c e l l s  and th e  

s tro m a  and a l s o  f a c t o r s  p roduced  by th e  s t r o m a l  c e l l s .  These 

s t ro m a l  c e l l  d e r iv e d  p re -B  c e l l  f a c t o r s  a re  th o u g h t to  r e p r e s e n t  

novel m olecules, and a re  no t re la te d  to  any o f th e  In te r le u k in s  so 

f a r  described  (Dorshkind 1987)*

A c o n s id e ra b le  am ount o f  work h as  been  co n d u c ted  in to  th e  

p e rp le x in g  d i v e r s i t y  o f  a n t ig e n s  to  w hich B c e l l  c lo n e s  a re  

r e a c t iv e .  The way in  w hich  B c e l l s  become t o l e r a n t  to  s e l f  

an tig en s  has a lso  been e x te n s iv e ly  in v e s t ig a te d .  However, th e s e  

asp ec ts  o f B c e l l  fu n c tio n  a re  beyond th e  scope o f t h i s  review  and 

th e r e f o r e  o n ly  w ork r e l a t i n g  to  B c e l l  a c t i v a t i o n  by s o lu b le  

m ediators w i l l  be d iscussed .

B lymphocyte A c tiv a tio n

The a c t iv a t io n  o f m ature B c e l l s  to  Ig  s e c re tin g  plasm a c e l l s  i s  a  

complex process inv o lv in g  s e q u e n tia l even ts th a t  a re  reg u la ted  by 

d i s t i n c t  and s p e c i f i c  s ig n a l s .  B r i e f ly ,  a n t ig e n  a c t i v a t e s  a  

r e s t i n g  B c e l l  to  p r o l i f e r a t e ;  th e  r e s u l t a n t  d a u g h te r  c e l l s  th e n
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d i f f e r e n t ia te  to  become an tibody  s e c re tin g  c e l l s .  The im portance 

o f  th e  r o l e  o f  T c e l l s  in  t h i s  p ro c e s s  i s  becom ing  in c r e a s in g ly  

apparen t, p a r t ic u la r ly  in  man (review ed J e lin e c k  and Lipsky 1987b). 

C u rre n t u n d e rs ta n d in g  s u g g e s ts  t h a t  a n t ig e n  a c t i v a t e s  r e s t i n g  B 

c e l l s  to  become responsive  to  T c e l l  derived  h e lp er fa c to r s  which 

w i l l  be d iscussed  in  d e ta i l  below.

The im p o rta n c e  o f  B c e l l  p r o l i f e r a t i o n  was f i r s t  re c o g n ise d  by 

B u rn e tt  (1959) i n  h i s  c lo n a l  e x p a n s io n  th e o ry . T h is  a l lo w s  f o r  a  

sm all number o f an tig en  s p e c if ic  B c e l l s  to  expand, p e rm ittin g  th e  

gen era tio n  of an e f fe c t iv e  an tibody response. This phenomenon o f 

low p re c u r s o r  fre q u e n c y  i s  r e s p o n s ib le  f o r  th e  d i f f i c u l t y  in  

s tu d y in g  a n t ig e n  s p e c i f i c  B c e l l  re sp o n se s  and h a s  le d  to  th e  

m a jo r i ty  o f  th e  work b e in g  co n d u cted  w ith  p o ly c lo n a l  B c e l l  

m itogens such as BPS. Subsequent work u sin g  s p e c if ic  in h ib i to r s  

o f  c e l l u l a r  DNA s y n th e s i s  (m ytom ycin C o r h y d ro x y u rea ) h as  

d e m o n s t r a t e d  t h a t  p r o l i f e r a t i o n  i s  n e c e s s a r y  f o r  t h e  

d i f f e r e n t i a t i o n  o f  B c e l l s .  These f in d in g s  i n d i c a t e  t h a t  B c e l l  

p r o l i f e r a t i o n  p la y s  a  r e q u ir e d  r o l e  in  th e  d i f f e r e n t i a t i o n  o f 

a n tib o d y  s e c r e t i n g  c e l l s  beyond th e  re q u ire m e n t to  expand th e  

number o f  a n t ig e n  r e a c t i v e  c e l l s .  I t  h as  a l s o  been  d e m o n s tra te d  

t h a t  Ig  s y n th e s i s in g  B c e l l s  c o n tin u e  to  p r o l i f e r a t e  w h i l s t  

producing antibody. Furtherm ore, th e  continued p r o l i f e r a t io n  o f Ig  

s e c re tin g  c e l l s  may be im p o rtan t in  prom oting an tibody  heavy chain  

is o ty p e  s w i tc h in g  and p ro v id in g  th e  o p p o r tu n i ty  f o r  so m a tic  

m utations th a t  in c re a se  th e  a f f i n i t y  o f sec re te d  an tibody

B c e l l  r e s p o n s e s  h a v e  c l a s s i c a l l y  b e e n  d e f in e d  a s  T c e l l

35



in d e p en d e n t (TI) and T c e l l  d ep en d en t (TD). TI a n t ig e n s  a re  

d is t in g u is h e d  from  TD a n t ig e n s  by a  s m a l l  num ber o f  common 

p ro p e r tie s . Dor example, TI an tig en s  a re  poo rly  m etabo lised  high 

m olecular w eight polym ers w ith  sim ple  re p e a tin g  s t ru c tu re s ,  and i t  

h a s  been  p o s tu la te d  t h a t  th e s e  a c t  by c ro s s  l in k in g  s u r f a c e  

re c e p to rs , th u s  p rov id ing  a  maximal a c t iv a t io n  s ig n a l. Examples o f 

TI a n t ig e n s  in  th e  mouse a re  BPS, p o ly m e rise d  f l a g e l l i n  and 

pneum ococcal p o ly s a c c h a r id e .  Few a g e n ts  have c o n v in c in g ly  been  

shown to  in d u ce  d i f f e r e n t i a t i o n  o f  Ig  s e c r e t i n g  c e l l s  in  man 

w ith o u t  T c e l l  in f lu e n c e s ,  and th e  co n cep t o f  p u re  T c e l l  

independence in  th e  mouse i s  a lso  now being questioned .

T c e l l  d ep en d en t re s p o n se s  in c lu d e  th o s e  in d u ced  by b o th  a n t ig e n  

and mitogen and can be fu r th e r  d iv ided  in to  two sub-groups. These 

a re  those  in  which d i r e c t  p h y s ica l co n tac t between T and B c e l l s  i s  

req u ired , and those  which only involve T c e l l  derived  lymphokines. 

C la s s i c a l l y ,  th e  r o l e  o f  TD a n t ig e n s  was d e m o n s tra te d  w ith  

t r in i tro p h e n o l (TNP), which i s  unable to  evoke an an tibody  response 

by i t s e l f .  A n tib o d ie s  to  TDP c o u ld  o n ly  be r a i s e d  when i t  was 

coupled to  a  c a r r ie r  p ro te in  such as  album in, and i t  was p o s tu la ted  

t h a t  th e  TN P-album in c o n ju g a te  m ust s e q u e n t i a l l y  i n t e r a c t  w ith  

macrophages, th e se  then  p re sen t th e  an tig en s  to  c a r r ie r - s p e c i f i c  T 

c e l l s  w hich th e n  a c t i v a t e  h a p te n - s p e c i f i c  B c e l l s .  More r e c e n t  

s tu d ie s  have d e m o n s tra te d  th e  a b i l i t y  o f  B c e l l s  to  s e rv e  a s  

an tig en  p re sen tin g  c e l l s .  The B c e l l  could th e re fo re  be considered 

to  ta k e  up th e  h a p te n  c a r r i e r  c o n ju g a te ,  d eg rad e  th e  a n t ig e n  and 

p r e s e n t  th e  r e l e v a n t  immunogenic ' m o ie t ie s  to  T c e l l s  in  th e  

con tex t o f s e l f  MHC m olecules, thus i l l u s t r a t i n g  th e  requirem ent o f
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d ir e c t  T-B co n tac t in  B c e l l  a c tiv a tio n .

Work in v e s t ig a tin g  th e  a c t iv a t io n  o f B c e l l s  by so lu b le  f a c to r s  has 

d e m o n s tra te d  a  com plex s e q u e n t i a l  i n t e r a c t i o n  o f  c y to k in e s ,  

p r in c ip a l ly  o f T c e l l  o r ig in  b u t a lso  from monocytes and au to crin e  

s ig n a l s  from  B c e l l s .  T h is  a r e a  o f  r e s e a r c h  h a s  been  f u r t h e r  

com plicated  by re c en t r e a l i s a t io n  th a t  B c e l l  f a c to r s ,  as  w ith  many 

o th e r  c y to k in e s  so f a r  in v e s t i g a t e d ,  a re  p le o t r o p ic  in  t h e i r  

a c t i o n s ,  and by th e  f in d i n g  t h a t  each  f a c t o r  m e d ia te s  m u l t ip le  

e f f e c t s  on a  s in g le  t a r g e t .  The seq u e n c in g  o f  th e s e  f a c t o r s  and 

th e i r  p le o tro p ic  n a tu re  has made them  c a n d id a te s  f o r  I n t e r l e u k in  

c la s s i f i c a t io n .

The B c e l l  f a c t o r s  w ere  o r i g i n a l l y  d e s c r ib e d , a s  w ith  o th e r  

cy tok ines, on a  fu n c tio n a l b a s is . Thus, th e  B c e l l  growth fa c to r s  

(BCGF1 and BCGF2) a re  involved in  B c e l l  p ro l i f e r a t io n ,  w h ils t  th e  

tw o B c e l l  d i f f e r e n t i a t i o n  f a c t o r s ,  (BCDF1 and  BCDF2) a r e  

r e s p o n s ib le  f o r  th e  m a tu ra t io n  o f  a c t i v a te d  B c e l l s  i n to  Ig  

s e c r e t i n g  c e l l s .  The c lo n in g  o f  th e  cDNAs f o r  th e s e  f a c t o r s  h a s  

re v e a le d  a  c o n s id e ra b le  o v e r la p  in  t h e i r  f u n c t io n s  (rev iew ed  by 

Q'Gara e t  a l .  1 9 8 8 ). IL -4  was f i r s t  p o s tu la te d  t o  e q u a te  w ith  

BCGF1 b ecau se  i t  c o u ld  c o - s t im u la te  w ith  a n t i - I g  and cau se  a  

p r o l i f e r a t i o n  o f  r e s t i n g  B c e l l s .  IL -4  h as  s in c e  b een  shown to  

in d u ce  e x p re s s io n  o f  m u rin e  MHC m o le c u le s , and low  a f f i n i t y  

re c e p to rs  fo r  th e  Fc p o rtio n  o f IgE (CD23) on r e s t in g  B c e l l s .  IL-4 

can  a l s o  in c r e a s e  IgE a n tib o d y  p ro d u c tio n  by a c t i v a t e d  m urine  B 

c e l l s .  These fu n c tio n s  have a  number o f im portan t im p lic a tio n s  fo r  

th e  immune response. The in c re a se  in  MHC ex pression  could enhance 

B c e l l  a n t ig e n  p r e s e n ta t i o n  to  T c e l l s  and th u s  in c r e a s e  th e
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s e n s i t i v i t y  to  s m a l l  am ounts o f  a n t ig e n . The in d u c t io n  o f  

p r o l i f e r a t io n  would in c rease  c lo n a l expansion o f an tig en  s p e c if ic  B 

c e l l s  and th e  re g u la tio n  o f immunoglobulin iso ty p e  p roduction  may 

m odulate humoral responses to  d i f f e r e n t  a n tig e n ic  s t im u li .

BCGF2, w hich  c a u se s  DM s y n th e s i s  and IgG and IgM s e c r e t i o n  by 

p re a c tiv a te d  B c e l l s ,  and T c e l l  re p la c in g  fa c to r  1 (TRF-1), which 

in c r e a s e s  a n t ig e n  s p e c i f i c  a n tib o d y  re s p o n se s  by B c e l l s  from  

a n t ig e n  p rim ed  m ice , a r e  now known to  be i d e n t i c a l  and have been  

c la s s i f ie d  a s  IL-5* Human IL-5 has been dem onstrated to  induce IgM 

s e c re tio n  in  a c tiv a te d  p e r ip h e ra l blood B c e l l s  and sp len ic  c e l l s ,  

to  in d u ce  th e  f o r m a tio n  o f  e o s in o p h i l  c o lo n ie s  from  human co rd  

blood and cause th e  d i f f e r e n t ia t io n  of thym ocytes in to  c y to ly t ic  T 

c e l l s .

The f a c t o r  w hich  i s  now te rm ed  IL -6  was o r i g i n a l l y  d e s c r ib e d  a s  

BCDF, which induced an tibody s e c re tio n  by p re a c tiv a te d  normal and 

E p s te in  Bar V iru s  tra n s fo rm e d  human B c e l l s .  A lthough  IL -6 , a s  

w ith  IL-4 and 5, i s  a  T c e l l  p roduct, th e  cDM sequence o f IL-6 has 

been  shown to  be i d e n t i c a l  to  t h a t  o f human f i b r o b l a s t  p ro d u c t 

term ed 26 KDa p ro te in . This f a c to r  was found to  possess a n t i - v i r a l  

a c t i v i t y  and i s  c o - s y n th e s iz e d  w ith  I n t e r f e r o n  b e t a  1; i t  was 

th e re fo re  a lso  term ed In te r fe ro n  b e ta  2.

O ther lym phok ines (IL -1 , IL -2 , IL -3  and IFN gamma), o r i g i n a l l y  

th o u g h t t o  in f lu e n c e  c e l l s  o th e r  th a n  B c e l l s ,  a r e  now known to  

m o d u la te  B c e l l  f u n c t io n .  IL-1 h a s  b een  shown to  enhance B c e l l  

p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  to  pokeweed m ito g en  (PWM) 

s t im u la te d  p a r t i a l l y  T c e l l  d e p le te d  c u l tu r e s .  T h is  o c c u rre d
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when IL-1 was added a t  th e  i n i t i a t i o n  o f  th e  c u l t u r e ,  h u t d id  n o t 

o ccu r when added 24 h o u rs  in to  th e  c u l tu r e  p e r io d  (L ipsky  1985). 

This suggested th a t  IL-1 ex erted  i t s  major e f f e c t  on B c e l l s  befo re  

th e  T c e l l  f a c t o r s  w ere r e q u ir e d .  IL-1 h a s  l i t t l e  e f f e c t  on 

a c t i v a t e d  B c e l l s  h u t  i s  a h le  to  enhance p r o l i f e r a t i o n  and 

d i f f e r e n t i a t i o n  in  th e  p re se n c e  o f  T c e l l  ly m phok ines (F a lk o f f  

e t  a l .  1984).

The r o le  o f  IL -2  in  B c e l l  re s p o n se s  h a s  h een  c o n t r o v e r s i a l ,  

how ever, a c t i v a t e d  B c e l l s  have h een  shown to  e x p re s s  th e  Tac 

a n t ig e n  and to  p r o l i f e r a t e  fo l lo w in g  ex p o su re  to  IL -2 . The 

lymphokine has heen shown to  induce d i f f e r e n t ia t io n  o f Ig  s e c re tin g  

c e l l s .  This e f f e c t  may a lso  he enhanced hy IFN gamma.

The im p o rta n c e  o f  IFN gamma in  s u p p o r t in g  B c e l l  g ro w th  and 

d i f f e r e n t i a t i o n  in to  Ig  s e c r e t i n g  c e l l s  re m a in s  u n re s o lv e d . In  

many c ase s , t h i s  lym phok ine  s y n e r g is e s  w ith  IL-1 and IL -2 . IFN 

gamma e x e r ts  ho th  s tim u la to ry  and in h ib ito ry  e f f e c t s  on po ly c lo n a l 

and an tig en  s p e c if ic  responses. IgG2a production  i s  s ig n if ic a n t ly  

enhanced hy IFN gamma tre a tm e n t o f LPS s tim u la te d  murine B c e l l s ,  

w h i l s t  IFN gamma p r e f e r e n t i a l l y  s u p p re s s e s  th e  IL -4  m ed ia ted  

enhancement o f IgG1 and IgE hy LPS s tim u la te d  murine B c e l l s .

There i s  a lso  a  body o f d a ta  which suggests an au to c rin e  fu n c tio n  

in  B c e l l  d ev e lo p m en t. B c e l l s  have heen  shown t o  p roduce  IL -1 , 

(Gordon e t  a l .  1986) w hich  co u ld  th e n  fe e d b a c k  and a c t  in  th e  

m anner d e s c r ib e d  above. F u r th e rm o re , th e  r e c e p to r  f o r  th e  Fc 

p o r t io n  o f  IgE (CD23), h a s  heen  shown t o  have an  a u to c r in e  

s t im u la to r y  f u n c t io n  (rev ie w ed  hy Gordon and Guy 1987). T h is
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f u n c t io n s  in  c o n c e r t  w ith  a  12 KDa T c e l l  d e r iv e d  BCG-F, w hich 

induces th e  cleavage and p ro cess in g  o f the  B c e l l  bound CD23 to  i t s  

e x t r a c e l lu la r  a u to -s tim u la to ry  form. Thus, a  p o ten t a m p lif ic a tio n  

cascade can be envisaged.

The re sp o n se  o f  B c e l l s  to  a n t ig e n  i s  th e r e f o r e  a  h ig h ly  com plex 

p rocess invo lv ing  th e  se q u e n tia l in te ra c t io n  o f a  number o f f a c to r s  

w hich e i t h e r  p rim e  o r d i r e c t  th e  c e l l  to  i t s  n e x t s ta g e  o f 

developm ent.

1 .2 . Cytokines Involved in  Inflam m ation

1 .2 .1 . In te r le u k in -1

The f i r s t  rep o rted  a c tio n s  o f IL-1 can be tra c ed  back to  1972, when 

Gery e t  a l .  re p o rted  th a t  cu ltu re d  human p e rip h e ra l blood adherent 

c e l l s  p roduced  a  f a c t o r  c a p a b le  o f  s t im u la t in g  p r o l i f e r a t i o n  o f  

m urine  th y m o cy tes  in  v i t r o . The e a r ly  s tu d i e s  on t h i s  m onokine 

r e s u l t e d  in  c o n s id e ra b le  c o n fu s io n , w hich in  th e  l i g h t  o f  l a t e r  

work can  be a t t r i b u t e d  to  th e  p le o t r o p ic  n a tu re  o f  IL -1 . The 

spectrum  of a c t i v i ty  o f IL-1 i n i t i a l l y  le d  to  a  v a r ie ty  o f fa c to r s  

being  described ; th e se  were subsequently  grouped, on th e  b a s is  o f 

t h e i r  b io lo g ic a l and biochem ical s im i l a r i t i e s ,  under th e  heading o f 

IL -1 . Thus lym phocy te  a c t i v a t i n g  f a c t o r  (LAP) d e s c r ib e d  th e  

s t im u la t io n  o f  th y m o cy te s  by IL -1 . The te rm  endogenous py rogen  

(EP) was used fo r  th e  e f f e c t  o f IL-1 on th e  th erm oregu la to ry  cen tre  

o f  th e  h y p o th a lam o u s w hich  in d u ced  f e v e r .  L eu co cy te  endogenous 

m ediator (LEM) d escribed  th e  in d u c tio n  o f th e  acu te  phase response 

by IL-1. L a te r, c a ta b o lin , a  fa c to r  th a t  promoted degradation  o f 

c a r t i la g e  m a trix , was found to  be equ iv a len t to  IL-1. A v a r ie ty
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o f e f f e c t s  o f  IL-1 in  in f la m m a tio n  w ere d e s c r ib e d , b u t many o f  

th e s e  have r e c e n t ly  b een  a t t r i b u t e d  to  TNF w hich  was found t o  be 

contam inating  IL-1 p re p a ra tio n s .

The i n i t i a l  b io c h e m ic a l i n v e s t i g a t i o n s  o n ly  s e rv e d  to  co n fu se  

m a tte rs  fu r th e r .  M olecular w eigh ts fo r  t h i s  f a c to r  were rep o rted  to  

be between 2 and 75 KDa and w ith  a  range o f i s o e l e c t r i c  p o in ts  from 

4*0 to  8 .0 . W ith th e  c lo n in g  o f  m urine  (Lom edico e t  a l .  1984) and 

Human IL-1 (Auron e t  a l .  1984) a  b e t t e r  u n d e rs ta n d in g  o f  t h i s  

monokine has emerged.

Auron showed th a t  human IL-1 from p e rip h e ra l blood monocytes i s  

s y n th e s iz e d  a s  a  269 am ino a c id  p re c u r s o r  o f  m o le c u la r  w e ig h t 32 

KDa. T h is  m o le c u le  i s  t h e n  c l e a v e d  t o  p ro d u c e  an  18 KDa 

e x tr a c e l lu la r  form o f p i  7*0. A second IL-1 gene was discovered  by 

March e t  a l .  (1985), th e  p ro d u c t o f  w hich  had an  i d e n t i c a l  

m o le c u la r  w e ig h t  t o  A u ro n 's  p r o t e i n ,  b u t  h ad  a  p i  o f  5-0 

( e q u iv a le n t  to  t h a t  o f  m urine  IL -1 ). The p i  7*0 i s  r e f e r r e d  to  a s  

IL-1 b e ta  and th e  p i  5*0 a s  IL-1 a lp h a , th e  fo rm e r b e in g  th e  

predom inant sp ec ie s  in  man. There i s  a  one hundred fo ld  in c rease  

in  mRM f o r  IL-1 b e ta  o v e r IL-1 a lp h a  in  th e  cy to p la sm  o f  

s tim u la te d  monocytes (March e t  a l .  1985)*

A lthough  th e  m onocyte h a s  b een  m ost e x te n s iv e ly  s tu d ie d  a s  a  

p ro d u c e r o f  IL -1 , a  w ide v a r i e t y  o f  c e l l s  have b een  r e p o r te d  to  

re le a se  IL-1 a c t i v i t i e s .  These inc lude  B c e l l s ,  e n d o th e lia l c e l l s ,  

e p i th e l ia l  c e l l s ,  f ib r o b la s ts  and many o th e rs . Most norm al c e l l  

ty p e s ,  how ever, o n ly  p roduce  IL-1 in  re sp o n se  t o  s t im u la t io n .  

S tu d ie s  on th e  k i n e t i c s  o f  IL-1 p ro d u c tio n  by human m onocytes
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r e v e a le d  no i n t r a c e l l u l a r  o r e x t r a c e l l u l a r  IL-1 p ro d u c tio n  by 

u n s tim u la ted  c e l l s .  Follow ing s t im u la t io n  by LPS, i n t r a c e l l u l a r  

IL-1 ap p ea red  w i th in  30 m in u te s  and e x t r a c e l l u l a r  IL-1 a c t i v i t y  

could be d e tec ted  w ith in  60 m inutes (Matsushima e t  a l .  1986), high 

e x tr a c e l lu la r  le v e ls  be ing  a t ta in e d  by 3 hours.

An u n u su a l f e a t u r e  o f  IL-1 r e v e a le d  by i t s  cDNA seq uence  i s  th e  

ab sen ce  o f  a  s ig n a l  p e p t id e  w hich  i s  c h a r a c t e r i s t i c  o f  s e c r e te d  

p ro te in s . This has ra is e d  qu estio n s  as to  w hether IL-1 i s  t r u l y  a  

s e c re to ry  p ro te in . Gery and Lepe-Zuniga (1983) have suggested  th a t  

p e r fo ra tio n  o f th e  plasm a membrane provides one mechanism fo r  the  

r e l e a s e  o f  i n t r a c e l l u l a r  IL -1 . There i s  an  ex p an d in g  body o f  

evidence sug g estin g  th a t  IL-1 bound to  the  monocyte plasm a membrane 

i s  im portan t in  th e  s t im u la tio n  o f lymphocytes. K urt-Jones e t  a l .  

(1985) have suggested th a t  membrane bound IL-1 in  a s so c ia tio n  w ith  

l a  an tig en s  i s  involved in  th e  a c t iv a t io n  of T c e l l s  during  an tig en  

p re se n ta tio n .

Conlon e t  a l .  (1987) used monoclonal an tib o d ie s  ra is e d  a g a in s t IL-1 

a lpha  and b e ta  to  d e te c t  and lo c a l is e  th e  two form s o f IL-1 w ith in  

m onokine p ro d u c in g  c e l l s .  U sing  f lo w  c y to m e te ry  th e y  found  a  

dram atic  in c rease  in  th e  amount o f su rface  bound IL-1 a lpha  on LPS 

s t im u la te d  m onocytes above t h a t  o f u n s tim u la ted  monocytes. They 

could no t, however, d e te c t  any membrane bound IL-1 b e ta , a lthough 

acetone p e rm e a b ilisa tio n  o f th e  membrane revealed  th e  presence o f 

cy toplasm ic IL-1 b e ta . In  th e  l ig h t  of March’s  d a ta  on cytoplasm ic 

mENA f o r  IL-1 b e t a  d is c u s s e d  e a r l i e r ,  Conlon su g g e s te d  t h a t  IL-1 

a lpha  may p r e f e r e n t ia l ly  be a sso c ia te d  w ith  th e  su rface  o f c e l l s ,  

p a r t ic u la r ly  those  involved in  an tig en  p re se n ta tio n , and th a t  IL-1
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beta may be a c tiv e  as a secretory  factor.

The membrane a sso c ia te d  IL-1 may have d i f f e r e n t  fu n c tio n s  in  vivo 

from s e c r e te d  IL -1 . Membrane bound IL-1 co u ld  s e rv e  a s  a  l o c a l  

s tim u la n t o f immune lym phocytes a t  th e  s i t e  o f in fe c t io n  or in ju ry . 

Secreted  IL -1 , which may fo llo w  th e  membrane IL-1 due to  p o s it iv e  

feedback by IFN gamma re le a se d  from T c e l l s  s tim u la te d  lo c a l ly , may 

a c t  predom inantly  as a  m ediator o f th e  system ic  response d iscussed  

in  d e ta i l  below.

IL-1 s e c re tio n  in  v i t r o  i s  w idely  induced by LPS and endotoxin i s  

c o n s id e re d  to  be th e  p r i n c i p a l  s t im u lu s  in  v iv o . Okusawa e t  a l .  

(1 9 8 7 ) h a v e  d e m o n s t r a t e d  t h a t  C5a i s  a b le  t o  in d u c e  IL -1  

production . They showed th a t  C5a i s  a  more p o ten t s tim u la to r  than  

C5a des a rg  by a  f a c t o r  o f  5* an d t h a t  a  p o te n t  sy n e rg y  o c c u rre d  

w ith  e n d o to x in  o r IFN gamma. C o n s is te n t  w ith  C on lon 's  d a ta  th e y  

found  t h a t  th e  s e c r e te d  IL-1 was IL-1 b e ta .  T h is  and th e  o th e r  

work d iscussed  above i l l u s t r a t e s  th e  c lose  co -o p e ra tio n  between th e  

v a rio u s  endogenous m ed ia to rs involved in  inflam m ation. B a c te r ia l  

and fu n g a l in fe c tio n s , traum a and severe immune complex d isea ses  

a re  a s s o c ia te d  w ith  com plem ent a c t i v a t i o n  and IL-1 p ro d u c tio n , 

w hich  m ust a c t  s y n e r g i s t i c a l l y  t o  r e s u l t  i n  th e  a c u te  p h ase  

response which fo llo w s.

R ecen t work in to  th e  e f f e c t  o f  IL-1 in  v iv o  i s  f u r t h e r  r e v e a l in g  

th e  co -o p e ra tio n  th a t  e x is t s  between cy tok ines. N eta e t  a l .  (1987) 

a d m in is te r e d  IL-1 to  m ice and d e m o n s tra te d  t h a t  t h i s  t r e a tm e n t
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p r o te c te d  th e  a n im a ls  from  l e t h a l  r a d i a t i o n .  The phenomenon o f  

r a d io  p r o te c t io n  o f  a n im a ls  by i n j e c t i o n  o f  e n d o to x in  h a s  been  

known f o r  many y e a r s .  N e ta  s u g g e s te d  t h a t  t h i s  o c c u rs  by IL-1 

p roduction , which a c ts  on bone marrow p ro g en ito r c e l l s  to  in c rease  

th e i r  responsiveness to  g ranu locy te  macrophage colony s t im u la tin g  

f a c t o r  (GrM-CSF). Broudy e t  a l .  (1987) d e m o n s tra te d  t h a t  IL-1 

s t i m u l a t e s  hum an e n d o t h e l i a l  c e l l s  t o  p ro d u c e  G-M-CSF and  

g ra n u lo c y te  CSF (G-CSP). T h e ir  d a ta ,  com bined w ith  t h a t  o f  N e ta  

e t  a l . ,  s u g g e s ts  a  m echanism  by w hich IL-1 co u ld  m o d u la te  

granu locy te  numbers during  th e  course o f an inflam m atory response.

Both p o s it iv e  and n eg ativ e  feedback loops appear to  opera te  in  th e  

production  o f IL-1. D in a re llo  e t  a l .  (1987) showed th a t  IL-1 a lpha  

was ab le  to  induce IL-1 b e ta  p roduction  in  vivo in  ra b b its  and from 

human mononuclear c e l l s  in  v i t r o . The in  v i t r o  d a ta  showed t h a t  

m axim al IL-1 b e t a  p ro d u c tio n  ( th e  m a jo r i ty  o f  w hich  rem a in ed  

i n t r a c e l l u l a r )  o c c u r re d  in  re sp o n se  to  10 ng m l“  ̂ IL-1 a lp h a ; 

in c re a s in g  th e  c o n cen tra tio n  to  100 ng ml"*' caused a  red u c tio n  in  

IL-1 b e ta  production . They showed th a t  t h i s  was due to  p roduction  

o f  p r o s ta g la n d in  ^  w hich  h a s  b een  shown by o th e r s  to

in h ib i t  IL-1 p roduction  (Knudsen e t  a l .  1986; Kunkel e t  a l .  1986). 

T h e re fo re , i t  a p p e a rs  t h a t  IL-1 can  d i r e c t l y  in c r e a s e  i t s  own 

p ro d u c tio n  up t o  o p t im a l  c o n c e n t r a t io n s ,  w hereupon i t  in d u c e s  a  

negative  feedback mechanism through PG-Ĥ .

W arner e t  a l .  (1987) showed t h a t  IL-1 can  a l s o  in d u ce  IL-1 

p ro d u c tio n  by e n d o th e l i a l  c e l l s  and a ls o  d e m o n s tra te d  a  s i m i l a r  

negative  feedback mechanism by PGdî * They suggested th a t  IL-1 may 

p la y  an  im p o r ta n t  r o le  in  a l t e r i n g  e n d o th e l i a l  f u n c t io n  d u r in g
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inflam m atory  responses. IL-1 in c re a se s  th e  ex p ression  o f leucocy te  

a d h e s io n  m o le c u le s  on th e  e n d o th e l i a l  c e l l  s u r f a c e  (B e v ila cq u a  

e t  a l .  1985) and th u s  may he im portan t in  i n i t i a t i n g  th e  m ig ra tio n  

o f leucocy tes  from th e  c i r c u la t io n  to  th e  inflam m atory  locus.

IL-1 h as  heen  shown to  have o th e r  p o s i t i v e  fe e d b a c k  e f f e c t s  hy 

c a u s in g  T c e l l s  t o  p ro d u ce  IFN gamma; t h i s  s t im u la t e s  HLA-DR 

e x p re s s io n  on a  ran g e  o f  c e l l  ty p e s  (Poher e t  a l .  1986). In  

a d d i t io n ,  Haq e t  a l .  (1985) showed t h a t  IFN gamma i s  r e q u ir e d  f o r  

th e  m a in ten an ce  o f  IL-1 p ro d u c tio n  in  v i t r o . They r e p o r te d  t h a t  

human monocytes lo se  t h e i r  a b i l i t y  to  se c re te  IL-1 a f t e r  24 hours 

o f  c u l t u r e  w i th  LPS, a l th o u g h  th e y  w e re  a b l e  t o  d e t e c t  

in t r a c e l lu la r  IL-1 fo r  up to  72 hours in  c u ltu re . They showed th a t  

p re - tre a tm e n t o f th e  monocytes w ith  IFN gamma enabled th e  c e l l s  to  

s e c re te  IL-1 fo r  up to  9 days. Their work suggests th a t  IFN gamma, 

p roduced  by T c e l l s ,  p la y s  a  r o l e  in  th e  m a in te n an c e  o f  IL-1 

p roduction  and i l l u s t r a t e s  a  p o te n t ia l  p o s it iv e  feedback mechanism 

to  enhance inflam m ation .

I n i t i a l  s t u d i e s  on th e  r e c e p to r  f o r  IL-1 w ere c a r r i e d  o u t in  th e  

murine T lymphoma l in e  LBRM-33-1A5 (Dower e t  a l .  1985)* This work 

revealed  a  s u rp r is in g ly  low re cep to r number o f around 500 per c e l l .  

The number o f IL-1 r e c e p to r s  found  on p e r ip h e r a l  T c e l l s  was 

e x tre m e ly  low , a ro u n d  50 p e r  c e l l  (Dower e t  a l .  1985; M atsush im a 

1985)* A su rv e y  o f  p r im a ry  c e l l  p o p u la t io n s  and o f  c e l l  l i n e s  

revealed  th a t  th e  exp ression  o f IL-1 re c ep to rs  was c o n s is te n t w ith  

th e  p a t te rn  o f b io lo g ic a l  responsiveness. The re c e p to r  has s in ce  

been shown to  b ind  IL-1 a lp h a  and b e ta  and i t  appears th a t  th e  same
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r e c e p to r  i s  p r e s e n t  on a l l  th e  d i f f e r e n t  c e l l  ty p e s  t e s t e d .  

Follow ing b ind ing , th e  re c e p to r - lig a n d  complex i s  in te rn a l is e d  and 

th e  IL-1 can he found w ith in  th e  nucleo lus. I t  has heen suggested 

t h a t  IL-1 can  s u b s e q u e n tly  r e g u la te  gene t r a n s c r i p t i o n  d i r e c t l y  

(P e r lm u t te r  e t  a l .  1986).

The e x a c t  r o le  o f  IL-1 in  T c e l l  a c t i v a t i o n  re m a in s  u n c le a r ;  

how ever, an  u n d e r s ta n d in g  i s  e m e rg in g . IL -1  in d u c e s  IL -2  

p roduction  in  l e c t i n  a c tiv a te d  T c e l l s  (Smith e t  a l .  1980; Larsson 

e t  a l .  1980) o f  th e  h e lp e r  s u b s e t .  In  a d d i t io n ,  IL-1 can  in d u ce  

IL -2  r e c e p to r  e x p re s s io n  on T c e l l s  (Kaye e t  a l .  1 984)* The IL -2  

p roduced  th e n  c a u se s  any IL -2  r e c e p to r  p o s i t i v e  c e l l  t o  e n t e r  S 

p h ase . S p e c i f i c i t y  i s  m a in ta in e d  by th e  i n t e r a c t i o n  o f  th e  T 

h e lp e r  c e l l  and th e  m onocyte. The c ro s s  l i n k in g  o f  th e  HLA 

DR/antigen complex on th e  monocyte w ith  th e  an tig en  recep to r on an 

HLA-DR complementary T c e l l  s t im u la te s  th e  monocyte to  produce IL-1 

w hich  th e n  a c t i v a t e s  th e  T c e l l .  T h is  i n t e r a c t i o n  e m p h as ise s  a  

re q u ire m e n t f o r  c lo s e  c o n ta c t  in  th e  p a r a c r in e  a c t i o n  o f  IL-1 

(Durum e t  a l .  1984)* In  a d d itio n  to  i t s  e f f e c ts  on IL-2 p roduction  

and a c tio n , IL-1 induces o th e r T c e l l  e f f e c ts  in c lu d in g  chem otaxis 

and changes in  membrane v i s c o s i t y .  A lso , T c e l l s  p roduce  o th e r  

ly m phok ines in  re sp o n se  to  IL-1 : f o r  exam ple, B c e l l  g ro w th  

fa c to r s ,  IM  gamma and colony s tim u la tin g  fa c to rs .

ID-1 has a  number o f e f f e c t s  on B c e l l s .  The monokine s t im u la te s  

th e  m a tu ra t io n  o f  p re-B  c e l l s  and a ls o  in d u c e s  p r o l i f e r a t i o n  in  

a c tiv a te d  m ature B c e l l s .  In  a d d itio n , IL-1 has in d ir e c t  e f f e c ts  

on B c e l l s  by s t im u la t in g  T c e l l s  to  p roduce  th e  B c e l l  f a c t o r s  

d escribed  in  th e  p rev ious paragraph.

44



1 .2 .2 . Tumour N ecrosis F acto r

The phenomenon o f  tum our n e c r o s i s  in  humans f o l lo w in g  c h a lle n g e  

w ith  b a c t e r i a l  t o x in s  was f i r s t  d e s c r ib e d  by C oley in  1893. 

However, th e  r a t i o n a l  i n v e s t i g a t i o n  o f  t h i s  d id  n o t b e g in  u n t i l  

1975, when C a rsw e ll  e t  a l .  r e p o r te d  th e  e x is te n c e  o f  a  f a c t o r  in  

serum o f B ac illu s  C alm ette Guerin (BCG) prim ed, endotoxin t r e a te d  

a n im a ls  w hich was a b le  t o  in d u ce  th e  n e c r o s i s  o f  tum o u rs  in  

r e c ip ie n t  anim als. C arsw ell used th e  term  Tumour N ecrosis F ac to r 

to  d esc rib e  the  re sp o n sib le  agent. F u rth er in v e s t ig a tio n s  by Green

(1977), and M atthew s and W atk ins (1978) and by o th e r s  a l s o  

i n d ic a te d  t h a t  TNF was p roduced  by th e  m onocyte. Due to  i t s  

a b i l i t y  to  s e le c t iv e ly  ly se  some tumour c e l l s  in  v i t r o  and in  v iv o , 

i n t e r e s t  in  t h i s  m onokine h as  been  in te n s e .  However, th e  

mechanisms by which TNF cause th e  ly s i s  o f tumour c e l l s  have y e t to  

be f u l l y  e lu c id a ted .

W hilst th e se  in v e s t ig a tio n s  were ta k in g  p lace , o th e r groups were 

working on th e  w asting  a sso c ia te d  w ith  many chron ic  d isease  s ta te s .  

I t  was shown th a t  th i s  cachex ia  r e s u l t in g  from LPS a d m in is tra tio n  

was due t o  th e  p ro d u c tio n  o f  a  serum  f a c t o r  te rm e d  c a c h e c t in  

(Kawakami and Ceram i 1981). The e lu c i d a t io n  o f  th e  p r im a ry  

s t r u c t u r e  o f  TNF and c a c h e c t in  by DNA seq uence  a n a ly s i s  re v e a le d  

t h a t  b o th  a c t i v i t i e s  w ere p roduced  by th e  same p r o t e in  (P en n ica  

e t  a l .  1985)*

P u rif ie d  human TNF i s  a  non-g lycosy lated  p ro te in  o f 157 amino a c id s  

w ith  a  m olecular w eight o f approxim ately  17 KDa and an is o e le c t r ic  

p o in t  o f  5.3 (A ggarw al 1985b). U n lik e  m ost s e c r e te d  p r o te in s  b u t
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s i m i l a r  to  IL -1 , TNF la c k s  a  t y p i c a l  20-30  am ino a c id  s ig n a l  

p ep tid e  sequence.

A compound c lo s e ly  r e l a t e d  to  TNF i s  r e le a s e d  from  a c t i v a t e d  T 

c e l l s .  T h is  was f i r s t  d e s c r ib e d  a s  ly m p h o to x in  by W illia m s  and 

G ranger (1968) and by R uddle and Waksman (1968). I t  h as  been  

suggested  th a t  lym photoxin be term ed TNF b e ta  and th e  o r ig in a l  TNF 

be designated  TNF a lpha  (Nedwin e t  a l .  1985).

Macrophages produce la rg e  q u a n t i t ie s  o f TNF, which may amount to  

o f  th e  t o t a l  s e c r e to r y  p ro d u c ts  o f  th e  c e l l .  Once p roduced  

in  v iv o  i t  e n t e r s  th e  c i r c u l a t i o n  and c a u se s  d i s c r e t e  m e ta b o lic  

e f f e c t s  a t  d i s t a n t  s i t e s .  In  r a b b i t s ,  th e  r i s e  i n  p la sm a  TNF 

o c c u rs  w i th in  m in u te s  o f  in tr a v e n e o u s  a d m in i s t r a t io n  o f  LPS 

(B e u tle r  e t  a l .  1 985)* B e u t le r  a l s o  showed t h a t  th e  c i r c u l a t i n g  

h a l f  l i f e  was a round  6 m in u te s  and t h a t  th e  m a jo r t i s s u e  t a r g e t s  

were th e  l iv e r ,  sk in , k idneys, lungs and g a s t r o in te s t in a l  t r a c t .

S e v e ra l  e f f e c t s  p r e v io u s ly  a s c r ib e d  to  IL-1 a r e  now known t o  be 

m e d ia ted  by TNF. I t  i s  a  p o te n t  py ro g en , b o th  d i r e c t l y  by a c t i n g  

on th e  h y p o th a lm ic  th e rm o re g u la to ry  c e n t r e s ,  and i n d i r e c t l y  by 

in d u c in g  IL-1 s y n th e s i s  w hich  i t s e l f  a c t s  on th e  hypo th a lm u s 

(L in a re llo  e t  a l .  1986). O ther f u n c t io n s  a l s o  a s c r ib e d  to  IL-1 

a re  bone re so rp tio n  and in d u c tio n  o f PGE2 p roduction  (Dayer e t  a l .  

1985).

C om parative  s tu d i e s  on th e  s e n s i t i v i t y  o f c e l l  l i n e s  to  TNF have 

revealed  th a t  some tumour c e l l s  a re  s e n s i t iv e  to  th e  a c tio n  o f TNF, 

w h i l s t  a l l  n o rm a l c e l l s  t e s t e d  w ere r e s i s t a n t  (Sugarm an e t  a l .

1985). This work a lso  rev ealed  th a t  re s is ta n c e  to  TNF was no t due
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to  la c k  o f  r e c e p to r s  on th e  t a r g e t  c e l l s  o r o f  a  low  "binding 

a f f i n i t y  f o r  th e  l ig a n d .  A num ber o f s tu d i e s  a re  b e g in n in g  to  

e lu c i d a te  th e  a c t i o n  o f  TNF on s e n s i t i v e  c e l l s .  I n h i b i t o r s  o f  

p r o t e in  s y n th e s i s  ( f o r  exam ple c y c lo h e x im id e )  g r e a t l y  enhance 

s u s c e p t i b i l i t y  to  th e  c y to to x ic  a c t i o n  o f  TNF (Hahn e t  a l .  1985). 

T h is  w ould s u g g e s t  t h a t  TNF does n o t a c t  by a c t i v a t i o n  o f  a  

c e l lu la r  gene product. Exposure o f TNF r e s i s t a n t  c e l l s  to  p ro te in  

sy n th es is  in h ib i to r s  can cause th e  c e l l s  to  become s e n s i t iv e  to  TNF 

t o x i c i t y .  Thus i t  a p p e a rs  t h a t  r e s i s t a n t  c e l l s  p o s s e s s  r e p a i r  

mechanisms which co u n te rac t damage caused by TNF.

As p rev io u s ly  d iscussed , monocyte/macrophages have th e  cap ac ity  to  

ly s e  tum our c e l l s .  R ecen t s tu d i e s  have im p l ic a te d  TNF a s  a  

m e d ia to r  o f  m onocyte c y t o to x ic i t y .  Feinman e t  a l .  (1987) showed 

th a t  th e  s e n s i t iv i ty  o f tumour c e l l  l in e s  to  monocyte c y to to x ic ity  

c lo se ly  c o r re la te d  w ith  t h e i r  s e n s i t iv i ty  to  TNF. They and o th e rs  

showed th a t  p o ly c lo n a l and monoclonal a n tib o d ie s  to  TNF were ab le  

to  in h ib i t  monocyte m ediated c y to to x ic ity  fo r  tumour c e l l s .  I t  i s  

n o t y e t  c l e a r ,  how ever, w h e th e r t a r g e t  c e l l  l y s i s  i s  due to  TNF 

re le ase d  by th e  monocyte in  th e  e x tr a c e l lu la r  space, or whether TNF 

bound to  th e  monocyte membrane i s  re sp o n sib le . Other f a c to r s  may 

be involved in  t h i s  a sp ec t o f TNF fu n c tio n . I t  has been shown th a t  

IFN gamma i s  c a p a b le  o f  s e n s i t i s i n g  t a r g e t  c e l l s  to  m onocyte 

k i l l i n g  (Feinm an e t  a l .  1986; Feinm an e t  a l .  1 987). T h is  may be 

due to  u p reg u la tio n  o f TNF re c ep to rs  on th e  ta r g e t  c e l l  (Aggarwal 

e t  a l .  1985a) o r to  IFN gamma s t im u la t in g  TNF s y n th e s i s  by 

monocytes (Nedwin e t  a l .  1985)*

TNF a lso  p lay s  an im p o rtan t ro le  in  th e  a c t iv a t io n  o f n eu tro p h ils .
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Many o f th e se  fu n c tio n s  were o r ig in a l ly  a sc rib ed  to  IL-1. However, 

h ig h ly  p u r i f i e d  and re c o m b in a n t IL-1 have b een  shown t o  have no 

a c t i v i t y  on n e u t r o p h i l s  ( 'G e o rg ilis  e t  a l .  1987; Yoshimura e t  a l .  

1987)- Yoshimura suggested  th a t  p rev ious re p o r ts  o f IL-1 m ediated 

c h em o tax is  w ere due, a t  l e a s t  i n  p a r t ,  to  th e  p re se n c e  o f  TNF in  

th e  IL1 p re p a ra tio n s . N eu troph il em ig ra tio n  from th e  in tra v a sc u la r  

sp ace  to  e x t r a - v a s c u la r  s i t e s  o f  i n f e c t i o n  l a r g e l y  depends upon 

ad h e ren c e  o f  th e  n e u t r o p h i l  t o  e n d o th e l i a l  c e l l s .  TNF h as  been  

shown to  enhance t h i s  a d h e s io n  by s t im u la t in g  th e  e x p re s s io n  o f  

c e l l  su rface  m olecules on bo th  n e u tro p h ils  and endothelium  (Gamble 

e t  a l .  1985)* Berger e t  a l .  (1988) have rep o rted  s im ila r  f in d in g s  

showing th a t  TNF in c reased  su rface  expression  o f re c ep to rs  fo r  C3b 

and  C Jb i (CR1 an d  CR3 r e s p e c t i v e l y )  on p e r i p h e r a l  b lo o d  

n e u t r o p h i l s .  They o b s e r v e d  t h a t  TNF c o n t a i n i n g  m o n o cy te  

cond itioned  medium was ab le  to  in c re a se  CR1 and CR3 by 300 to  400$. 

In  a d d i t io n ,  th e y  m easu red  th e  r e l e a s e  o f  th e  g ra n u le  m arker 

lysozym e and b in d in g  p r o t e i n  and showed t h a t  o n ly  15$ o f  th e  

B>|2 b ind ing  p ro te in  and 10$ o f th e  PM  lysozyme were re leased . This 

suggested th a t  th e  su p ern a tan t induced recep to r exp ress io n  may not 

re q u ire  fu s io n  of g ranu le  membranes w ith  th e  plasm a membrane and 

t h a t  th e  m a jo r i ty  o f  th e  g ra n u le  c o n te n ts  co u ld  be r e t a in e d  in  

c e l l s  exp ress in g  maximal numbers o f re c ep to rs  on th e i r  su rface . I t  

h as  been  s u g g e s te d  t h a t  TNF, r e le a s e d  e a r ly  i n  an  in f la m m a to ry  

re a c tio n , can in c rease  ex p ression  o f th ese  re c ep to rs  on c ir c u la t in g  

PMN and in d u ce  t h e i r  m a rg in a t io n  and e g re s s  in to  th e  t i s s u e s .  

S in ce  t h i s  can  o ccu r w ith o u t  a p p re c ia b le  d e g ra n u la t io n ,  th e  

n e u tro p h il can be d ire c te d  to  th e  s i t e  o f in fe c t io n  w ith  i t s  a n t i 
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m ic ro b ia l system s in ta c t .

TUP i s  a l s o  a b le  to  s t im u la t e  p h a g o c y to s is  o f  l a t e x  b ead s  and to  

in c r e a s e  PM N-m ediated a n tib o d y  dep en d en t c e l l u l a r  c y t o t o x i c i t y  

(Shalaby e t  a l .  1985)* The m a jo rity  o f th i s  work was done w ith  TNT1 

b e ta  and th e  e f f e c t s  rev ealed  a  p o te n t synergy betw een TNT1 b e ta  and 

IFN gamma.

D espite th e  i n i t i a l  re p o r t  th a t  TNT1 caused th e  n e c ro s is  o f tumours 

in  v iv o , a  re c en t p u b lic a tio n  has suggested th a t  TNT1 fu n c tio n s  to  

enhance th e  immune response in  v ivo. G hiara e t  a l .  (1987) showed 

t h a t  s im u lta n e o u s  i n j e c t i o n  o f  TNF a lp h a  and a n t ig e n  in to  r a t s  

d r a m a t ic a l ly  enhanced a n tib o d y  p ro d u c tio n  to  th e  a n t ig e n . T h is  

only occurred, however, when a  T c e l l  dependent an tig en  was used; no 

enhancem ent co u ld  be in d u ced  when a  T in d e p en d e n t a n t ig e n  was 

in je c te d .  In  t h e i r  r e p o r t  th e y  p o in t  to  an  in c r e a s e  in  IL -2  

r e c e p to r s  and o f  IL -2  p ro d u c tio n  by T c e l l s  in  re sp o n se  to  TNP 

(Scheuricha t a l .  1986), and suggest th a t  th e i r  o b serv a tio n s  may be 

due to  an  a m p l i f i c a t i o n  o f  th e  a n t ig e n  s p e c i f i c  h e lp e r  T c e l l  

p o p u la t io n . F u r th e r  s u p p o r t  f o r  th e  d i r e c t  e f f e c t  o f  TNP on T 

c e l l s  i s  g iv e n  by Y okota e t  a l .  (1988). U sing  im m o b ilise d  

m onoclonal a n t ib o d ie s  t o  th e  CD3 com plex (an a c c e s s o ry  c e l l  

in d e p en d e n t s t im u lu s )  to  s t im u la t e  p u r i f i e d  CD4+ and CD8+ 

lym phocytes, they  observed an enhancement o f p r o l i f e r a t io n  by TNP 

a lp h a  o f  up to  600$. T h e ir  d a ta  a l s o  s u g g e s ts  t h a t  th e  T c e l l s  

them selves a re  ab le  to  produce TNP alpha.

A d i r e c t  a c t i o n  o f  TNP a lp h a  on B c e l l s  was r e p o r te d  by J e l i n e k  

and L ip sk y  (1987a). A lthough  th e y  c o u ld  n o t s t im u la t e  B c e l l s  to

49



"become immunoglobulin s e c re t in g  c e l l s  (ISC) by e i th e r  recom binant 

IL-1 or recom binant TUP in  th e  absence o f T c e l l s  and macrophages, 

th e  cy tok ines d id  enhance th e  e f f e c t  o f pokeweed m itogen in  mixed 

c e l l  c u ltu re s . To i l l u s t r a t e  th e  d i r e c t  e f f e c t  o f TNP and IL-1 on 

B c e l l s ,  th e y  u sed  S taph , a u re u s  Cowans s t r a i n  1 a s  a  s t im u lu s .  

This i s  ab le  to  s t im u la te  p u r if ie d  B c e l l s  in  th e  presence o f IL-2. 

Both TNP and IL-1 w ere a b le  to  s u p p o r t  th e  d i f f e r e n t i a t i o n  o f  B 

c e l l s  to  ISC only  when IL-2 was p re sen t; th ey  were shown to  a c t  in  

a  s im ila r  manner du ring  every  a sp ec t o f t h e i r  in v e s t ig a tio n s  a p a r t 

from th e  tim in g  o f th e  cy to k in es ' a c t iv i ty .  IL-1 was only  a c tiv e  

when added a t  th e  i n i t i a t i o n  o f  B c e l l  c u l t u r e s ,  w h i l s t  TNP 

p o s se s se d  a  l a t e  a c t i n g  a c t i v i t y .  T h e ir  work and t h a t  o f  o th e r s  

suggests th a t  IL-1 d e liv e rs  a  s ig n a l th a t  i s  im portan t in  p rep arin g  

B c e l l s  to  re sp o n d  to  T c e l l  d e r iv e d  ly m p h o k in es . TNP, how ever, 

e x e r ts  i t s  p rim ary  e f f e c t  fo llo w in g  a c tiv a tio n .

The work o f  .J e lin e k  : and L ip sk y  i s  a  good exam ple o f  th e  s i m i l a r  

r o l e s  p la y ed  by IL-1 and TNP a lp h a . A lthough  t h e i r  r e s p e c t iv e  

re c ep to rs  have been shown to  be d i s t in c t  (Matsushima e t  a l .  1986) 

and th e y  a re  p ro d u c ts  o f  d i f f e r e n t  genes (N athan 1987), b o th  a re  

now recognised  as  p o ssess in g  p le o tro p ic  a c t i v i t i e s .

A utocrine m odulation o f monocyte fu n c tio n  by TNP has been suggested 

by th e  d iscovery  o f re c e p to rs  fo r  TNP on monocytes (Imamura e t  a l .  

1987). Their work dem onstrated th e  presence o f a  low number (230) 

o f high a f f i n i t y  and a  high number (2879) o f low a f f i n i t y  re c ep to rs  

p e r  m onocyte. They a l s o  d e m o n s tra te d  t h a t  TNP, once bound, i s  

ra p id ly  in te rn a l is e d  and degraded by th e  monocybe.
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1.2.3* In te r le u k in  2

The d is c o v e ry  o f  l n t e r l e u k i n - 2  ( IL -2 ) , th e n  c a l l e d  T c e l l  g ro w th  

f a c t o r  (TCG-F), was made in  1976 hy Morgan e t  a l .  who showed t h a t  

th e  s u p e r n a ta n ts  o f  a c t i v a t e d  T c e l l  c u l tu r e s  w ere c a p a b le  o f  

p ro m o tin g  and m a in ta in in g  th e  g ro w th  o f  human T c e l l s .  The 

cytokine i s  produced by T c e l l s  fo llo w in g  s tim u la tio n  by an tig en  or 

m ito g en  and f u n c t io n s  by p ro v id in g  an e s s e n t i a l  s ig n a l  f o r  

a c t i v a te d  T c e l l s .  I t  h a s  s in c e  been  shown t h a t  IL -2  i s  a b le  to  

m o d u la te  many o th e r  f u n c t io n s  on c e l l s  in c lu d in g  CTL, B c e l l s ,  

lymphokine a c tiv a te d  k i l l e r  c e l l s  (LAK) and UK c e l l s .

As w ith  m ost c y to k in e s ,  w h ich  a re  c h a r a c t e r i s t i c a l l y  p roduced  

n a tu ra l ly  in  very  sm all amounts, b io lo g ic a l  s tu d ie s  were i n i t i a l l y  

hampered by in s u f f ic ie n t  q u a n t i t i e s  o f  p u r i f i e d  m a te r i a l .  Human 

IL -2  h as  now b een  p u r i f i e d  to  hom o g en ity , th e  cDNA i s o l a t e d  and 

re c o m b in an t IL -2  p roduced  in  a  v a r i e t y  o f  c e l l  ty p e s . T h is  h as  

revealed  a  p ro te in  o f m olecular w eight 15 KDa, a lthough a  range o f 

m o le c u la r  w e ig h ts  have been  r e p o r te d  due to  d i f f e r e n t  l e v e l s  o f  

g ly c o s y la t io n .  T an ig u ch i e t  a l .  (1983) d e m o n s tra te d  t h a t  th e  

p ro te in  i s  sy n th es ised  as  a  153 amino ac id  p recu rso r pep tid e . The 

20 am ino a c id  s ig n a l  p e p t id e  i s  th e n  c le a v e d  and th e  p r o t e in  i s  

sec re te d  (Robb e t  a l .  1983)* Taniguchi a lso  determ ined th e  prim ary  

s t r u c t u r e  o f  th e  m o lecu le  by sequence  a n a ly s i s  o f  cDNA c lo n e s ;  

t h i s  was found t o  be i d e n t i c a l  to  t h a t  o f  th e  p r o t e in  s e c r e te d  by 

th e  le u k ae m ic  T c e l l  l i n e  J u r k a t  (Robb e t  a l .  1984)* S ubsequen t 

g en e tic  a n a ly s is  lo c a ted  th e  gene fo r  human 11^2 on chromosome 4g 

band 26-28 (S iege l e t  a l .  1984)*
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R e s tin g  T c e l l s  do n o t p ro d u ce  o r re sp o n d  to  IL -2 ; how ever, upon 

c o n ta c t  w ith  a  ran g e  o f  s t i m u l i  th e y  b e g in  t o  p roduce  IL -2  and 

e x p r e s s  i t s  r e c e p t o r .  A l l  s i g n a l s  w h ic h  in d u c e  T c e l l  

p r o l i f e r a t i o n  do so  v i a  t h i s  m echanism . I t  i s  now c l e a r  t h a t  

l i m i t e d  T c e l l  p r o l i f e r a t i o n  o c c u rs  in  th e  ab sen ce  o f  m onocy tes, 

and th a t  t h i s  phenomenon i s  due to  th e  requirem ent o f two s ig n a ls  

f o r  o p tim a l IL -2  p ro d u c tio n  (L a rsso n  e t  a l .  1980). One s ig n a l  i s  

p ro v id e d  by a  m ito g e n ic  l e c t i n  o r a n tib o d y  b in d in g  t o  th e  T c e l l  

r e c e p to r /T 3  com plex. A second  s ig n a l  i s  p ro v id e d  by m onocyte 

p roduction  o f IL-1.

A f te r  th e s e  s ig n a l s  have b een  re c e iv e d , l e c t i n  o r a n t ig e n  i s  no 

longer req u ired , and th e  p r o l i f e r a t io n  o f a c tiv a te d  T c e l l s  becomes 

dependent upon th e  presence o f IL-2 (R usce tti and G allo 1981). In  

th e  absence o f IL-2 th e  c e l l s  cease to  p r o l i f e r a te  and u l t im a te ly  

d ie .  The IL -2  r e c e p to r ,  r e q u ir e d  f o r  th e  a c q u i s i t i o n  o f  th e  IL -2  

responsive s ta t e ,  has been th e  su b je c t o f in te n s iv e  in v e s t ig a tio n s  

and w i l l  be d iscussed  in  d e ta i l  below. Since IL-2 w i l l  s tim u la te  

any IL-2 re c e p to r  p o s i t iv e  c e l l ,  i t  i s  thought th a t  th e  expression  

o f  t h i s  r e c e p to r  (p r e v io u s ly  known a s  th e  Tac a n t ig e n )  p ro v id e s  

s p e c i f ic i ty  in  an IL-2 d riv en  system . R u sc e tti and G allo proposed 

a  m odel f o r  IL -2  m e d ia ted  p r o l i f e r a t i o n .  A n tig e n  o r m ito g e n ic  

l e c t i n  a r e  f i r s t  p ro c e ss e d  by h is to c o m p a t ib le  m acrophages w hich 

th e n  p r e s e n t  th e  a n t ig e n  to  c o m p a tib le  T c e l l s  v i a  th e  l a t t e r ' s  

a n t ig e n  r e c e p to r s .  T h is , in  c o n ju n c t io n  w ith  IL-1 from  th e  

macrophage, r e s u l t s  in  th e  p roduction  o f IL-2 by h e lp er T c e l l s .  A 

s im ila r  p rocess o f an tig en  p re se n ta tio n  to  e f fe c to r  T c e l l s  r e s u l t s  

in  th e  e x p re s s io n  o f  IL -2  r e c e p to r s .  L ig a t io n  o f  th e  r e c e p to r  by
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IL-2 from th e  h e lp er c e l l s  r e s u l t s  in  th e  p ro l i f e r a t io n  and, in  th e  

case o f HK c e l l s ,  th e  a c t iv a t io n  o f e f fe c to r  fu n c tio n s .

A p o ss ib le  ro le  fo r  th e  c o n tro l o f  t h i s  p rocess was provided by th e  

work o f C a n tre l l  and Smith (1983 ) ,  who showed a  ra p id  in c rease  in  

IL -2  r e c e p to r  e x p re s s io n  on p e r ip h e r a l  b lo o d  T c e l l s  f o l lo w in g  

s tim u la tio n  by an tigen . Maximal le v e ls  were d e te c ta b le  between 3 

and 7 days in  c u l tu r e  and w ere a b s e n t  by 10 days. However, no 

p r o l i f e r a t io n  occurred a f t e r  48 hours o f th e  c u ltu re s , even in  th e  

p re se n c e  o f  s a t u r a t i n g  c o n c e n t r a t io n s  o f  IL -2 . A d d itio n  o f  

p h y to h e m a g g u tin in  (PHA) a f t e r  10 days re in d u c e d  th e  Tac a n t ig e n ,  

and th e  c e l l s  began  to  p r o l i f e r a t e  a g a in . T h is  was fo llo w e d  by a  

d ec lin e  over a  p e rio d  o f 7 days. They were ab le  to  reproduce th i s  

p a t t e r n  o f  re sp o n se  o v e r and o v e r a g a in  in  th e  same c u l tu r e .  I t  

appears, th e re fo re , th a t  an tig en  reco g n itio n  u l t im a te ly  determ ines 

th e  magnitude o f  th e  T c e l l  response by re g u la tin g  th e  expression  

o f IL-2 recep to rs .

Binding s tu d ie s  w ith  ra d io  la b e l le d  IL-2 have revealed  th e  presence 

o f two re c e p to rs  on T c e l l s  o f  high and low a f f in i t y .  The i n i t i a l  

in v e s t ig a tio n s  in to  th e  s t ru c tu re  o f th e  IL-2 re c ep to r re s u lte d  in  

a  p a rad o x  (rev ie w ed  by S m ith  1987)* The a n tib o d y , a n t i - T a c ,  was 

found to  compete w ith  IL-2 fo r  b ind ing  to  IL-2 re c ep to rs . However,, 

a  la rg e  d iscrepancy  was apparen t between th e  number o f re c ep to rs  

p e r  c e l l  a s  r e v e a le d  by r a d io  l a b e l l e d  a n t i - T a c  and th e  num bers 

d i s c l o s e d  by  r a d i o  l a b e l l e d  I L - 2 ,  w i th  th e  f o r m e r  a lw a y s  

outnumbering th e  l a t t e r .

A nother p a rad o x  becam e a p p a re n t  d u r in g  m e ta b o lic  s tu d i e s  w hich
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r e v e a le d  a  tu rn o v e r  o f  h ig h  a f f i n i t y  r e c e p to r s  5 -6  t im e s  f a s t e r  

th a n  th e  tu rn o v e r  o f  th e  Tac a n t ig e n .  The d is c o v e ry  o f  a  low  

a f f in i t y  re cep to r which a lso  c a r r ie d  th e  Tac ep ito p e  provided th e  

answ er t o  th e  d is c re p a n c y  b e tw een  th e  number o f  h ig h  a f f i n i t y  

r e c e p t o r s  an d  th e  n u m b er o f  Tac e p i t o p e s .  In  s u b s e q u e n t  

i n v e s t i g a t i o n s ,  th e  cDNA f o r  th e  IL -2  r e c e p to r  was i s o l a t e d  and 

c lo n ed . When t h i s  was t r a n s f e c t e d  in to  r e c i p i e n t  c e l l s ,  i t  was 

found th a t  only th e  low a f f i n i t y  recep to r was expressed. L ig a tio n  

o f  th e  r e c e p to r  by IL -2  f a i l e d  to  p ro duce  a  re sp o n se  i n . t h e  

r e c i p i e n t  c e l l .  The an sw er t o  th e  w hole p a rad o x  was p ro v id e d  by 

th e  d iscovery  o f a  novel IL-2 b ind ing  p ro te in  by Teshigawa e t  a l .

(1987)* This p ro te in  bound IL-2 w ith  in te rm e d ia te  a f f i n i t y  between 

th e  h ig h  and low  a f f i n i t y  r e c e p to r s  and was n o t re c o g n ise d  by 

an ti-T ac . F u rth e r evidence showed th a t  c lones ex p ress in g  th e  Tac 

an tigen  by i t s e l f  produced only  low a f f in i t y  re c e p to rs , and c lones 

e x p re s s in g  h ig h  a f f i n i t y  r e c e p to r s  d is p la y e d  b o th  IL -2  b in d in g  

p r o te in s .  The im p l i c a t io n  o f  t h i s  was t h a t  b o th  IL -2  b in d in g  

p ro te in s  a re  involved in  th e  fo rm ation  o f a  f u l l y  fu n c tio n a l, high 

a f f i n i t y  r e c e p to r .  T esh igaw a e t  a l .  t h e r e f o r e  p ro p o sed  t h a t  th e  

two u n i ts  o f th e  h igh  a f f i n i t y  recep to r be re fe r re d  to  as th e  a lpha  

c h a in  f o r  th e  75 KDa n o v e l p e p t id e  and th e  b e t a  c h a in  f o r  th e  55 

KDa Tac an tig en  p o s it iv e  u n i t .  Sm ith concluded by su ggesting  th a t  

th e  a lpha  and b e ta  chains b ind  to  d i f f e r e n t  amino ac id  re s id u es  on 

th e  s u r f a c e  o f  th e  IL -2  m o le c u le  and t h a t  th e  tw o c h a in s  a re  

p roducts o f d i f f e r e n t  genes.

An im p re s s iv e  r e p o r t  by Ju  e t  a l .  (1987) c o u ld  c o n firm  S m ith 's  

s u g g e s t io n  ab o u t th e  b in d in g  s i t e s  on IL -2 . They p roduced
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re c o m b in an t IL -2  w i th  d e f in e d  am ino a c id  s u b s t i t u t i o n s  and 

d e le t io n s .  These w ere a s s e s s e d  f o r  th e  c o m p e t i t iv e  b in d in g  o f  

n a tiv e  IL-2 and fo r  t h e i r  a b i l i t y  to  s tim u la te  th e  p ro l i f e r a t io n  o f 

T c e l l  l i n e s .  U sing  t h i s  a p p ro ach , th e y  w ere a b le  to  i d e n t i f y  

th r e e  re g io n s  on th e  IL -2  m o lecu le  t h a t  w ere r e q u ir e d  f o r  f u l l  

b io lo g ic a l a c t iv i ty .  They suggested  th a t  two o f th ese  reg ions, th e  

M ^ -te rm in a l 20 amino a c id s  and th e  COOR-terminal 13 amino a c id s , 

p a r t i c i p a t e  d i r e c t l y  in  fo rm in g  c o n ta c t  p o in t s  w ith  th e  IL -2  

recep to r. The th i r d  reg ion , th ey  suggest, m ain ta in s an e s s e n t ia l  

d is u lp h id e  bond r e q u ir e d  f o r  th e  b io lo g ic a l  a c t i v i t y  o f  th e  

p ro te in .

As m en tio n ed  above, when th e  Tac a n t ig e n  ( b e ta  c h a in )  o f  th e  

re c ep to r i s  expressed  alone no p r o l i f e r a t io n  occurs in  response to  

IL -2 . A r e c e n t  p u b l i c a t i o n  by Tanaka e t  a l .  (1988) h a s  s u g g e s te d  

t h a t  i t  i s  th e  a lp h a  c h a in  w hich i s  r e s p o n s ib le  f o r  s ig n a l  

t r a n s d u c t io n  o f  IL -2 , and t h a t  th e  b e ta  c h a in  m e d ia te s  th e  

in te r n a l i s a t io n  o f IL-2.

Although th e  spectrum  o f  a c t i v i ty  o f IL-2 i s  l im ite d  in  comparison 

to  th a t  o f IL-1 and TNP, i t s  a c tio n s  go beyond those  o f prom oting T 

c e l l  p ro l i f e r a t io n .  IL-2 has been im p lica ted  in  th e  a c t iv a t io n  o f 

NK f u n c t io n s ,  w hich  i s  p a r t i a l l y  due to  in d u c t io n  o f  IFN gamma 

p ro d u c tio n . IL -2  in  h ig h  c o n c e n t r a t io n s  can  a l s o  a c t i v a t e  LAK 

c e l l s  to  ly s e  s o l i d  tu m o u rs  (L o tze  e t  a l .  1981). T h is  phenomenon 

r e c e n t ly  t r i g g e r e d  g r e a t  e x c ite m e n t due to  i t s  th e r a p e u t i c  

p o t e n t i a l  in  th e  t r e a tm e n t  o f  c a n c e rs  (R osenberg  e t  a l .  1985). 

A lthough  th e  p r e l im in a r y  t r i a l s  w ere encouraging, they  have been
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a sso c ia te d  w ith  extrem e to x ic i ty .  The d is t in c t io n  between MK and 

NK c e l l s  h a s  been  q u e s t io n e d  and i t  h a s  b een  p ro p o sed  t h a t  th e  

m a jo rity  o f LAK a c t iv i ty  in  human p e rip h e ra l blood i s  m ediated by 

I I —2 a c tiv a te d  MK c e l l s  (Lotzova and Herberman 1987).

11-2 i s  a b le  to  a f f e c t  B c e l l s  b o th  d i r e c t l y  and i n d i r e c t l y .  I t  

has been shown to  s t im u la te  th e  p r o l i f e r a t io n  and d i f f e r e n t ia t io n  

o f  a c t i v a t e d  B c e l l s  (Nakagawa e t  a l .  1985), and i t  a p p e a rs  to  do 

t h i s  by b in d in g  t o  th e  IL -2  r e c e p to r  (Tac a n t ig e n )  on a c t i v a t e d  B 

c e l l s  (Tsudo e t  a l .  1984)* R alph  e t  a l .  (1984) showed t h a t  h ig h  

c o n c e n t r a t io n s  o f  IL -2  ( g r e a te r  th a n  100 U m l~^) w ere a b le  to  

s tim u la te  Ig  s e c re tio n  by human B lymphocytes. At v a rian ce  w ith  

Tsudo’s r e p o r t ,  th e y  s u g g e s te d  t h a t  th e  IL -2  was a c t i n g  th ro u g h  a  

r e c e p to r  d i s t i n c t  from  Tac. However, th e y  d id  n o t m easure  Tac 

e x p re s s io n  on p e r ip h e r a l  human B c e l l s ,  o n ly  on th e  SKW 6.4 c e l l  

l in e ,  which may ex p la in  th e  d iscrepancy. In d ire c t  a c t i v i ty  o f IL-2 

on B c e l l s  has been rep o rted  by IL-2 s tim u la te d  T c e l l  p roduction  

o f B c e l l  grow th fa c to r  1 (IL-4) (Howard e t  a l .  1983)»

More re c e n tly , a  ro le  fo r  IL-2 in  the  a c t iv a t io n  o f monocytes has 

been  r e p o r te d .  H o lte r  e t  a l .  (1987) dem onstrated th e  presence o f 

la r g e  num bers o f  th e  Tac a n t ig e n  on human p e r ip h e r a l  b lo o d  

m onocytes s t im u la te d  w ith  LPS o r IFN gamma. In  a d d i t io n ,  th e y  

showed t h a t  re c o m b in an t IL -2  in c r e a s e d  H2 O2 p r o d u c t i o n  by 

a c t i v a t i n g  m onocy tes. In  s u p p o r t  o f  th e s e  f in d in g ,  M alkovsky 

e t  a l .  (1987) showed th a t  recom binant IIr-2 i s  ab le  to  augment th e  

c y t o t o x i c i t y  o f  human m onocytes to  a  human u r in a r y  b la d d e r  

ca rc in o m a  c e l l  l i n e  T24* These f in d in g s  would s u g g e s t  t h a t  IL -2  

may have a  ro le  in  enhancing monocyte e f fe c to r  fu n c tio n s .
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1 .2 .4 - In te r fe ro n  Gamma

There a r e  th r e e  m ajo r c l a s s e s  o f  i n t e r f e r o n :  le u c o c y te  or

i n t e r f e r o n  a lp h a , f i b r o b l a s t  o r i n t e r f e r o n  b e ta  and immune o r 

i n t e r f e r o n  gamma. A lpha and b e t a  IFN have b een  th e  s u b je c t  o f  

in te n s iv e  r e s e a r c h  over r e c e n t  y e a r s  b ecau se  o f  t h e i r  p o t e n t i a l  

a n t i v i r a l  and a n ti tu m o u r  e f f e c t s .  The work on IFN gamma h a s , 

how ever, been  co n d u cted  more r e c e n t ly ,  and i t  a p p e a rs  t h a t  th e  

molecule has c lo se  fu n c tio n a l l in k s  w ith  o th er cy tok ines involved 

in  inflam m ation. Therefore only  IFN gamma w i l l  be d iscussed  here .

The gene f o r  human IFN gamma w hich  i s  lo c a te d  on th e  lo n g  arm o f  

chromosome 12 h a s  been  i s o l a t e d ,  sequenced  and c lo n e d  (G-ray and 

Goeddel 1982). This encodes fo r  a  p ro te in  o f 146 amino ac id s  w ith  

a  m olecular w eight o f 17 KDa.

IFN gamma i s  p roduced  by T ly m p h o cy tes  o f  b o th  th e  CD4+ and th e  

CD8+ phenotype in  response to  a l io  an tig en s  or m itogens; NK c e l l s  

can be a lso  induced to  become p o te n t producers. The production  o f 

IFN gamma by T lym phocytes i s  dependent upon th e  s e c re tio n  of IL-1 

by monocytes and on IL-2 from T h e lp er c e l l s .  R esting  T c e l l s  can 

no t be a c tiv a te d  to  produce IFN gamma by IL-2 alone; however, NK 

c e l l s  respond to  IL-2 by producing la rg e  q u a n t i t ie s  o f ITN gamma. 

I t  h as  been  s u g g e s te d  t h a t  t h i s  d i s t i n c t i o n  i s  due to  th e  ab sen ce  

o f  IL -2  r e c e p to r s  on r e s t i n g  T ly m p h o cy tes  and th e  p re se n c e  o f  

th e s e  r e c e p to r s  on NK c e l l s .  T h is  may r e p r e s e n t  an  im p o r ta n t  

a m p l i f i c a t i o n  m echanism  in  v iv o , w hereby th e  IL -2  p roduced  by T 

c e l l s  in  re sp o n se  t o  a n t ig e n ic  s t im u la t io n  may r e c r u i t  NK c e l l s  

(w hich  r e p r e s e n t  around  15# o f  c i r c u l a t i n g  ly m p h o c y te s , and a re
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th e re fo re  much more numerous than  an tig en  s p e c if ic  T c e l l s )  in to  

th e  IFN gamma producing po p u la tio n  (T rin c h ie r i and P e ru ss ia  1985).

S im i la r  t o  th e  IFN a lp h a  and "beta, IFN gamma was o r ig in a l ly -  

rep o rted  to  possess cy to to x ic  e f f e c t s  a g a in s t norm al and n e o p la s tic  

c e l l s .  However, l a t e r  r e p o r t s  have in d ic a te d  t h a t  th e s e  r e s u l t s  

w ere p roduced  w ith  IFN gamma p r e p a r a t io n s  c o n ta m in a te d  w ith  

lym photoxin (INF b e ta , th e  c y to to x ic  e f f e c t  o f  which i s  p o te n tia te d  

by  IFN gam m a). Many o f  t h e  f u n c t i o n s  o f  IFN gamma a r e  

a m p l i f i c a to r y ;  f o r  exam ple , th e  b in d in g  o f  IFN gamma to  i t s  

re cep to r on macrophages enhances a n t ig e n  p r e s e n ta t io n ,  in c r e a s e s  

th e  r e s p ira to ry  b u rs t  and induces th e  expression  o f a  wide v a r ie ty  

o f  m acrophage p r o t e in s .  One o f  th e  m ost e x te n s iv e ly  s tu d ie d  

e f f e c t s  o f  IFN gamma i s  th e  in d u c t io n  o f  c l a s s  2 MHC a n t ig e n s  

(S te e g  e t  a l .  1982). T h is  o c c u rs  in  a  l a r g e  num ber o f  c e l l  ty p e s ,  

in c lu d in g  m yelom onocy tic  c e l l s ,  lym phoid  c e l l s ,  m elanocytes and 

melanoma c e l l s ,  and on a  la rg e  s e r ie s  o f tumour derived  c e l l  l in e s .

IFN gamma a lso  induces th e  ex p ression  o f FcR1 on both  n e u tro p h ils  

and monocytes. The cy tok ine can a lso  induce bone marrow c e l l s  from 

normal in d iv id u a ls  and from  p a t ie n ts  w ith  chron ic  m yeloid leukaem ia 

(CML) to  d i f f e r e n t i a t e  a lo n g  th e  m onocy tic  pa thw ay  (P e r u s s ia  

e t  a l .  1983). S tu d ies  on th e  e f f e c t  o f IFN gamma on m ature PMNs 

have re v e a le d  t h a t  i t  a c t i v a t e s  th e  o x id a t iv e  b u r s t  and augm ents 

th e  c e l l ' s  a b i l i t y  to  r e l e a s e  p r o t e o l y t i c  enzym es. IFN gamma i s  

a l s o  in v o lv e d  in  B c e l l  a c t i v a t i o n ,  w here i t  h a s  a  number o f  

s y n e r g i s t i c  e f f e c t s  w ith  B c e l l  f a c t o r s ;  t h i s ,  how ever, i s  

d iscu ssed  in  th e  s e c tio n  on B c e l l  a c tiv a tio n .



The s y n e r g i s t i c  e f f e c t s  o f  IFN gamma w ith  m acrophage p ro d u c ts ,  

nam ely  IL-1 and TNF, h a s  b een  e x te n s iv e ly  s tu d ie d .  T su jim o to  

e t  a l .  (1986a) dem onstrated th a t  IFN gamma in c reased  th e  exp ress io n  

o f  TNF on a  num ber o f  human tum our c e l l  l i n e s .  They s u g g e s t  t h a t  

t h i s  e f f e c t  may c o n t r ib u te  t o  th e  p o te n t  s y n e r g i s t i c  c y to to x ic  

a c t i o n  o f  TNF and IFN gamma se e n  in  some tum our l i n e s .  The 

im portance o f such a  synergism  was suggested re c e n tly  by B i l l ia u

(1988) who p o s tu la te d  a  r o l e  f o r  IFN gamma in  th e  Shw artzm an 

re a c tio n . B r ie f ly , th e  Shwartzman re a c tio n  i s  a  p o te n t ia l ly  l e th a l  

in f la m m a to ry  re sp o n se  to  b a c t e r i a l  BPS. I t  i s  in d u ced  by a  

p rep a ra to ry  in trad e rm a l in je c t io n  o f BPS fo llow ed  by a  p rovocative  

in tr a v e n o u s  i n j e c t i o n  24 h o u r s  l a t e r .  T h is  r e s u l t s  i n  an  

accum ulation o f PM  a t  th e  s i t e  o f th e  p re p a ra tiv e  in je c t io n  which 

i s  a sso c ia te d  w ith  in tr a v a s c u la r  c o a g u la t io n ,  v a s c u la r  o c c lu s io n  

and haem orrhage. T h is  le a d s  to  n e c r o s i s  o f  th e  b lo c k ed  v e s s e l s .  

I f  th e  p re p a ra tiv e  in je c t io n  i s  g iven  in trav en o u sly  th e  g en e ra lised  

Shwartzman re a c tio n  occurs, which r e s u l t s  in  leucocy te  and p l a t e l e t  

accum ulation in  th e  sm all v e s s e ls  o f v a rio u s  organs in c lu d in g  sk in  

and lungs, which again  le ad s  to  haemorrhage and n e c ro s is . Many of 

th e  e f f e c t s  o f th e  Shwartzman re a c tio n  can be i n i t i a t e d  by IL-1 and 

TNF, and  IL -1  h a s  b e e n  u s e d  t o  r e p l a c e  BPS a s  e i t h e r  t h e  

p re p a ra tiv e  or th e  p rovoca tive  in je c t io n  fo r  th e  lo c a l  re a c tio n  in  

r a b b i t s .  However, IL-1 and TNF can n o t c o m p le te ly  in d u ce  th e  

Shwartzman re a c tio n  alone. B i l l ia u  rep o rted  th a t  mice p re - tr e a te d  

w ith  a n ti- IF N  gamma a n tib o d y  w ere p a r t i a l l y  p r o te c te d  from  th e  

lo c a l is e d  Shwartzman re a c tio n  and d ra m a tic a lly  p ro te c ted  from th e  

g e n e ra l is e d  response.
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As mentioned above, macrophages t r e a te d  w ith  IFN gamma develop many 

c h a r a c te r i s t ic s  which make them  more s e n s i t i v e  t o  e n v iro n m e n ta l  

s tim u la tio n . A p o s i t iv e  feedback loop occurs between IL-1 and IFN 

gamma, w hereby IL-1 p ro d u c t io n  i s  enhanced  by IFN gamma and 

p ro d u c tio n  o f  th e  l a t t e r  i s  enhanced  by th e  fo rm e r . T h is  c o u ld , 

th e re fo re , induce a  d ram atic  in c re ase  in  inflam m ation , and blockage 

o f  IFN gamma by a n t ib o d ie s  w ould th e r e f o r e  rem ove one arm o f  th e  

fe e d b a c k  lo o p  r e s u l t i n g  in  an  i n h i b i t i o n  o f  th e  Shw artzm an 

re a c tio n .

I t  a p p e a rs ,  t h e r e f o r e ,  t h a t  IFN gamma p la y s  a  c e n t r a l  r o l e  in  

in f la m m a tio n  and im m un ity  by p o t e n t i a t i n g  th e  m a jo r i ty  o f  th e  

c e n tra l  even ts  in  th e se  p rocesses.

1 .2 .5 . Colony S tim u la tin g  F ac to rs

The colony s t im u la tin g  fa c to r s  (CSFs) a re  a  group o f po lypep tides 

f i r s t  d e s c r ib e d  by t h e i r  a b i l i t y  to  in d u ce  p r o l i f e r a t i o n  and 

d i f f e r e n t i a t i o n  o f  h a e m o p o ie tic  stem  c e l l s  in  v i t r o .  F unctiona l 

s t u d i e s ,  and more r e c e n t ly  seq u en ce  a n a ly s i s ,  h a s  re v e a le d  fo u r  

d i s t in c t  CSFs a c tin g  on th e  m yeloid l in e  o f development. The names 

a re  s e lf -e x p la n a to ry , g ranu locy te  CSF (G-CSF), macrophage CSF (M- 

CSF), g ra n u lo c y te  m acrophage (GM-CSF) and m ulti-CSF (In te r le u k in -  

5)» T here i s  c o n s id e ra b le  o v e r la p  in  th e  a c t i v i t i e s  o f  th e s e  

f a c t o r s .  M ulti-C S F  and GM-CSF s t im u la te  a l l  co m p artm en ts  o f  

d i f f e r e n t ia t io n ,  a lthough GM-CSF has weaker and incom plete a c tio n s  

on m u l t i - p o t e n t i a l  and s tem  c e l l s .  G-CSF i s  p re d o m in a n tly  

r e s t r i c t e d  to  a  su b se t o f g ran u lo cy tic  p ro g en ito r c e l l s ,  b u t a lso  

a llow s su rv iv a l o f more p r im itiv e  c e l l s .  M-CSF i s  r e s t r i c te d  to
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r e s t r i c te d  to  a  su b se t o f g ra n u lo c y tic  p ro g en ito r c e l l s ,  bu t a lso  

a llo w s su rv iv a l o f more p r im itiv e  c e l l s .  M-CSF i s  r e s t r i c te d  to  

macrophage com m itted c e l l s .

Although th e  CSFs a re  an in te r e s t in g  group o f compounds, only GM- 

CSF, w hich  h a s  a  num ber o f  f u n c t io n s  r e l a t i n g  t o  in f la m m a tio n , 

w i l l  be d iscussed  in  any d e t a i l  here . GM-CSF i s  a  g ly co p ro te in  o f 

m o le c u la r  w e ig h t 23 KDa w hich  i s  r e le a s e d  by a c t i v a t e d  T c e l l s .  

The c o m p le te  am ino a c id  seq u en ce  o f  th e  p r o t e in  i s  known from  

s e q u e n c e  a n a l y s i s  o f  cDNA c lo n e s  (Wong e t  a l .  1 9 8 5 ). The 

c o n c e n t r a t io n  o f  GM-CSF in  v i t r o  a f f e c t s  th e  outcom e o f  th e  

c o lo n ie s  p ro d u ced , w ith  lo w e r  c o n c e n t r a t i o n s  r e s u l t i n g  in  

m acrophage c o lo n ie s  (M e tc a lf  1985)* I t  h as  a l s o  been  shown to  

s t im u la t e  some f u n c t io n a l  a c t i v i t i e s  in  m a tu re  g ra n u lo c y te s  and 

macrophages. For example, Gasson e t  a l .  (1984) rep o rted  th a t  GM- 

CSF in h ib i t s  n e u tro p h il m ig ra t io n . R ep o rts  have a l s o  shown t h a t  

GM-CSF i s  ab le  to  s t im u la te  n e u tro p h il phagocytosis (M etcalf 1986) 

and enhance m acrophage tu m o r ic id a l  a c t i v i t y  (G ra b s te in  e t  a l .

1986). Thus, p ro d u c tio n  o f  GM-CSF a t  th e  s i t e  o f  in f la m m a tio n  

w ould p rom ote  l o c a l  r e t e n t i o n  o f  g ra n u lo c y te s  and enhance t h e i r  

a c t iv i ty .

S im i la r  to  TRF a lp h a  and IL -1 , GM-CSF i s  a  p l e o t r o p ic  e f f e c t o r  

m o le c u le , a lth o u g h  more l i m i t e d  in  i t s  ran g e  th a n  th e  m onokines. 

GM-CSF a p p e a rs  to  e x h ib i t  i t s  p l e o t r o p ic  e f f e c t s  by i n t e r a c t i o n  

w ith  th e  s p e c if ic  high a f f i n i t y  recep to r p re sen t on e a r ly  m yeloid 

p ro g en ito r c e l l s  and on d i f f e r e n t ia te d  c e l l s  o f th e  m yeloid s e r ie s  

(G asson e t  a l .  1986). T here  i s  now a  body o f  d a ta  em erg in g  w hich  

suggests  th a t  GM-CSF (and p o ss ib ly  G-CSF) a c t  s y n e r g is t ic a l ly  w ith
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TNF and IL-1 in  a  num ber o f  f u n c t io n s .  C a n n is t r a  e t  a l .  (1987) 

showed th a t  rGM-CSF i s  in h ib i to ry  to  th e  human macrophage l ik e  c e l l

l i n e  U937* T h is  i n h i b i t i o n  w as p a r t i a l l y  due t o  rGM-CSF

s t im u la t in g  th e  p ro d u c tio n  o f  b i o l o g i c a l l y  a c t i v e  TNF by U937*

They a l s o  showed t h a t  rGM-CSF p rim ed  human p e r ip h e r a l  b lo o d

monocytes to  re le a se  e lev a ted  le v e ls  o f TNF fo llo w in g  s tim u la tio n

w ith  e i t h e r  e n d o to x in  o r p h o rb o l m y r i s ta te  a c e t a t e  (PMA). A

p o s i t i v e  fe e d b ac k  lo o p  h a s  b een  dem onstrated  whereby TNF induces

s e c re tio n  o f GM-CSF from f ib r o b la s ts  and e n d o th e lia l c e l l s  (Munker

e t  a l .  1986).

1.3» L a c to fe rr in  and Inflam m ation

So f a r ,  t h i s  review  has focused on th e  p o s itiv e  even ts  c o n tro ll in g  

inflam m ation. However, fo llo w in g  th e  e ra d ic a tio n  o f th e  in ju r io u s  

agent i t  i s  h ig h ly  l ik e ly  th a t  negative  feedback mechanisms come 

in to  p lay  to  in h ib i t  th e  re a c tio n  which, i f  a llow ed to  con tinue, 

would be harm ful to  th e  h o s t. A ro le  fo r  th e  iro n  b ind ing  p ro te in s  

in  th e  c o n t r o l  o f  in f la m m a tio n  was f i r s t  su g g e s te d  by DeSousa 

(1978). Work in  t h i s  a r e a  h a s  rem a in ed  c o n t r o v e r s i a l  t o  d a te  due 

to  in co n sis ten cy  o f d a ta  from d if f e r e n t  la b o ra to r ie s .  The m a jo rity  

o f  t h i s  w ork h a s  b een  co n d u c ted  on l a c t o f e r r i n  (L f) by Broxm eyer 

and h is  co lleag u es, who have shown th a t  Lf in h ib i t s  g ran u lo p o e isis  

in  v i t r o  by in h ib i t in g  p roduction  o f GM-CSF.

Lf was f i r s t  i s o l a t e d  from  m ilk  whey by Sorensen an ^ Sorensen, in  

1939* They described  i t s  c h a r a c te r i s t ic  salmon p ink  co lour which 

i s  now known to  be due to  th e  b ind ing  o f iro n  to  one or both  o f i t s  

tw o i r o n  b in d in g  s i t e s .  The p r o t e i n  h a s  s in c e  b een  e x te n s iv e ly  

c h a ra c te r is e d . I t  i s  an 80 KDa s in g le  po lypeptide  chain  to  which
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two o lig o sacch arid e  m o ie tie s  a re  a tta ch ed  (Matsumoto e t  a l .  1982). 

There a re  g re a t s i m i l a r i t i e s  betw een Lf and th e  plasm a iro n  b ind ing  

p ro te in  t r a n s f e r r in ;  however, th e  two a re  im m unologically  d i s t in c t  

(M azu rie r e t  a l .  1983)* B oth p r o t e in s  b in d  tw o f e r r i c  ions p e r  

m olecule and in c o rp o ra te  one mole o f b icarbonate  per mole o f iro n  

bound.

L f i s  found  in  many s e c r e t i o n s  in c lu d in g  p a n c r e a t ic  j u i c e ,  b i l e ,  

t e a r s  and s e m in a l  p la sm a  (M asson e t  a l .  1966). I t s  p ro b a b le  

fu n c tio n  in  th e se  s e c re tio n s  i s  to  bind f re e  iro n  and thus make i t  

u n a v a i la b le  f o r  th e  p r o l i f e r a t i o n  o f  m ic ro -o rg a n ism s  (B o rtn e r 

e t  a l .  1986). Lf i s  a lso  found in  plasm a where i t s  so le  source i s  

th e  n e u t r o p h i l  s e c o n d a ry  g ra n u le .  There i s  a  c lo s e  c o r r e l a t i o n  

between plasm a Lf le v e ls  and th e  number o f c i r c u la t in g  PMN (Baynes 

e t  a l .  1 986).

Work by P a rra n  e t  a l .  (1969) f i r s t  su g g e s te d  t h a t  n e u t r o p h i l s  

r e l e a s e  a  f a c t o r  c a p a b le  o f  i n h i b i t i n g  t h e  p r o d u c t i o n  o f  

g r a n u l o c y t e  p r o g e n i t o r  c e l l s  i n  v i t r o . T h is  f i n d i n g  w as 

s u b s e q u e n tly  s u p p o r te d  by B aker e t  a l .  (1975) and Herman e t  a l .

(1978) and a t  l e a s t  one o f th e se  in h ib i to ry  fa c to r s  was id e n t i f ie d  

a s  L f (Broxm eyer e t  a l .  1978). Broxm eyer a l s o  d e m o n s tra te d  th e  

im p o rtan c e  o f  i r o n  b in d in g  to  th e  m o lecu le  f o r  th e  i n h i b i t i o n  to  

o c cu r . H owever, th e  w ork was v iew ed  w ith  s c e p t ic is m  due to  th e  

e x tra o rd in a r i ly  low co n cen tra tio n s  a t  which Lf was claim ed to  be 

a c t i v e ,  down to  1CT^M. B roxm eyer’s  d a ta  was s u p p o r te d  by Bagby 

e t  a l .  (1981), b u t Winton e t  a l .  (1981), u s in g  murine Lf on murine 

c e l l s  f a i l e d  t o  show any e f f e c t  o f  L f. S tryckm ans e t  a l .  (1984), 

in  an a ttem p t to  answer M inton’s  c r i t ic is m s ,  repeated  Broxmeyer's
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w ork, b u t th e y  a l s o  f a i l e d  to  show an e f f e c t  w ith  L f. However, 

more re c e n tly  F le tc h e r  and W illa rs  (1986) have produced evidence to  

support Broxmeyer’s  c la im s.

The work o f  Broxm eyer (1979) and B roxm eyer and P la tz a  (1984) h as 

s u g g e s te d  t h a t  L f i n h i b i t s  g r a n u lo p o ie s i s  by d i r e c t l y  a f f e c t i n g  

p ro d u c tio n  o f  GM-CSF. The w ork o f  Bagby e t  a l .  (1983) h as  

im p l ic a te d  an e f f e c t  on an  in te r m e d ia r y  m o le c u le  p roduced  by 

monocytes.

In  a d d itio n  to  th e se  e f f e c t s ,  th e  ro le  fo r  Lf in  th e  re g u la tio n  o f 

many o th e r  e v e n ts  in v o lv e d  in  in f la m m a tio n  h a s  been  s u g g e s te d . 

K i j l s t r a  - and J e u r i s s e n  (1982) have shown t h a t  L f i s  a b le  to  

i n h i b i t  th e  com plem ent sy s te m . The m o lecu le  h a s  been  shown to  

enhance n e u t r o p h i l  ad h e ren c e  and ag g re g a tio n  (Oseas e t  a l .  1981), 

enhance th e  p ro d u c t io n  o f  le u c o c y te  m ig r a t io n  i n h i b i t o r y  f a c t o r  

( K i j l s t r a  and Boersmai 1984), s u p p re s s  th e  p r im a ry  a n tib o d y  

response (Duncan and McArthur 1981), modulate n a tu ra l  k i l l e r  c e l l  

a c t i v i ty  (N ishiya and Horw itz 1982) and to  enhance th e  p roduction  

o f th e  hydroxyl r a d ic a ls  (G utteridge e t  a l .  1981).

The p re c e d in g  re v ie w  h as  h ig h l ig h te d  th e  many c lo se  in te ra c t io n s  

between c e l l  types and th e  cy tok ines produced by th e se  c e l l s  in  th e  

r e g u la t io n  o f  in f la m m a tio n . I t  i s  p o s s ib le  t h a t  some o f  th e  

fu n c tio n s  a sc rib ed  to  Lf o u tlin e d  in  th e  p rev ious paragraph, namely 

th e  e f f e c t s  on a n t ib o d y  p r o d u c t i o n ,  NK a c t i v a t i o n  and CSF 

production , could be m ediated by Lf a f f e c t in g  a  c e n tr a l  fu n c tio n  in  

th ese  p rocesses. This p ro je c t  was th e re fo re  undertaken to  provide 

f u r t h e r  e v id en c e  e i t h e r  in  s u p p o r t  o f  o r c o n t r a r y  t o  B roxm eyer!s
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i n i t i a l  o b serv a tio n s  about Lf. By in v e s t ig a tio n  o f th e  e f f e c t s  o f 

both  p u r if ie d  Lf and Lf derived  from phagocytosing n e u tro p h ils  on 

m ononuclear c e l l s  s t im u la te d  in  a  v a r i e t y  o f  w ays, i t  was 

a n t i c i p a t e d  t h a t  an  i n s i g h t  i n t o  th e  m echanism  o f  a c t i o n  o f  L f 

could be gained, which could e x p la in  th e  v a r ie ty  o f e f f e c t s  o f th i s  

en igm atic  p ro te in  on many c e l l  types.

S in ce  c y to k in e s  a r e  a l s o  in v o lv e d  in  GM-CSF p ro d u c t io n ,  i t  was 

a n tic ip a te d  th a t  d e te rm in a tio n  o f th e  e f f e c t s  Lf on s e c re t io n  o f a  

m olecule o f c e n tr a l  im portance to  t h i s  p ro cess  could un ify  th e  many 

d escribed  e f f e c t s  o f Lf on inflam m ation , immunity and haem opoiesis.
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CHAPTER WO

GENERAL METHODS

S u p lie rs  o f a l l  th e  m a te r ia ls  used in  t h i s  and subsequent ch ap te rs  

a re  l i s t e d  in  appendix 2.

2 .1 . Blood

Venous blood was ob tained  from h e a lth y  normal donors amongst the  

l a b o r a to r y  s t a f f .  T h is  was ta k e n  in to  d ip o ta s s iu m  e th e le n e  

d ia m in e te t r a  a c e t i c  a c id  (EDTA) to  g iv e  a  f i n a l  c o n c e n t r a t io n  o f

0.3 mM. The blood was alw ays used im m ediately  a f t e r  venesection .

2 .2 . N eu troph ils

PMNs w ere p re p a re d  by d e n s i ty  g r a d ie n t  c e n t r i f u g a t i o n  o f  w hole 

b lo o d  ov er M ono-Poly R e so lv in g  Medium (MPRM, E i c o l l  Iso p aq u e) 

fo llo w in g  th e  m anufactu rer 's  in s tru c t io n s . B rie f ly , 5 ml o f blood 

was la y e r e d  a s e p t i c a l l y  o v e r 3 m l o f  MPRM in  a  s t e r i l e  10 ml 

c e n t r i f u g e  tu b e . T h is  was th e n  c e n t r i f u g e d  a t  400 x g f o r  45 

m in u te s  a t  20°C. O c c a s io n a lly , d ep en d in g  on th e  donor o r on th e  

b a tc h  o f  MPRM, th e  tim e  needed  to  be ex ten d ed  up to  60 m in u te s  to  

o b ta in  a  PMN band f r e e  o f  re d  b lo o d  c e l l s .  T h is  c o u ld  be done 

w i t h o u t  a f f e c t i n g  s u b s e q u e n t  PMN r e s p o n s e s .  F o l lo w in g  

c e n tr ifu g a tio n  th e  e ry th ro c y te s  were p e l le te d , th e re  was a  low er 

leucocy te  band com prising  th e  PMNs and an upper band o f mononuclear 

c e l l s  (MNCs), w hile  th e  plasm a rem ained above the  MPRM. The plasm a 

was a s p i r a t e d  and th e  MNCs h a r v e s te d ,  th e s e  w ere u t i l i s e d  i f  

r e q u ir e d .  The PMN band was c o l l e c t e d  and th e  c e l l s  su spended  in  

co ld  phosphate b u ffe red  s a l in e  (PBS). They were then  washed once 

by c e n t r i f u g a t i o n  a t  400 x g f o r  10 m in u te s  a t  4°C. The PMN w ere
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resuspended in  a  sm all volume o f f re s h  PBS and p laced  on ic e  u n t i l  

r e q u ir e d .  The c e l l s  w ere u s u a l ly  u sed  im m e d ia te ly , h u t f o r  th e  

chem ilum inescence work i t  was necessary  to  leave  them fo r  up to  1 

hour. This d id  not s ig n i f ic a n t ly  a f f e c t  th e  PM  responses.

A sample o f th e  suspension was d ilu te d  1:10 in  PBS co n ta in in g  0.1$ 

w/v try p an  b lue fo r  d e te rm in a tio n  o f c e l l  numbers u s in g  an improved 

N eubauer H aem ocytom eter. T h is  s e p a r a t io n  p ro c e d u re  r o u t i n e ly  

p roduced  c e l l s  o f  g r e a t e r  th a n  98$ v i a b i l i t y ,  a s  ju dged  by dye 

e x c lu s io n . Wo lo s s  o f v i a b i l i t y  o c c u rre d  a f t e r  1 hour on ic e .  

Separate  exam ination o f s ta in e d  (D iff Quick) cy to sp in  p re p a ra tio n s  

showed th e  s u sp e n s io n s  to  be a p p ro x im a te ly  90$ PMNs w ith  th e  

m a jo rity  o f th e  con tam inating  c e l l s  being  e ry th ro cy te s  and about 1$ 

MCs. Removal o f th e  e ry th ro c y te s  by ly s is  w ith  0.8$ w/v ammonium 

c h lo r id e  in  d i s t i l l e d  w a te r  f o r  10 m in u te s  a t  room te m p e ra tu re  

red u ced  th e  PMNs' re s p o n s e s ;  t h i s  p ro c e d u re  was th e r e f o r e  n o t 

employed. Im m ediately p r io r  to  use, the  n e u tro p h ils  were made up 

to  th e  req u ired  co n cen tra tio n  in  PBS p lus calcium , magnesium and 

bovine serum album in (PBS-A, see appendix 1).

2 , 3  • Mononuclear C e lls

Mononuclear c e l l s  were ob tained  e i th e r  from th e  MPRM p re p a ra tio n  

d e s c r ib e d  above o r p re p a re d  by c e n t r i f u g a t io n  o v er Lym phocyte 

S e p a ra t io n  Medium (LSM). The LSM s e p a r a t io n  was a c h ie v e d  by 

d i l u t i n g  w hole b lo o d  1 :2 in  RPMI 1640. 20 ml o f  d i l u t e d  b lo o d  was 

la y e r e d  a s e p t i c a l l y  o v e r 6ml o f  LSM in  a  s t e r i l e  30 ml p l a s t i c  

u n iv e rs a l co n ta in e r. This was then  cen tr ifu g ed  fo r  20 m inutes a t  

400 x g a t  20°C. The MC band which formed between th e  plasm a and
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th e  LSM was ha rv ested  and th e  c e l l s  washed tw ice  in  RPMI 1640. The 

f i n a l  p e l l e t  was re su sp e n d ed  in  a  s m a ll  volum e o f  f r e s h  RPMI and 

th e  c e l l s  co u n ted  a s  d e s c r ib e d  f o r  PMNs. T h is  p ro c e s s  r o u t i n e ly  

p roduced  an MNC f r a c t i o n  o f  g r e a t e r  th a n  98$ v i a b i l i t y  w ith  a  

p u r i ty  o f around 97$. The MNCs contained  on average 30$ monocytes 

as determ ined from D iff Quick s ta in e d  cy to sp in  p rep a ra tio n s .

2.4*1. Mononuclear C ell C ulture

MNCs obtained  by th e  procedures o u tlin e d  above were suspended in  

com plete c u ltu re  medium co n ta in in g  10$ f o e ta l  c a l f  serum (FCS),2mM 

L-Glutam ine, p e n ic i l l in  100 IU ml”-1, and strep tom ycin  100 ug ml” 1 

in  RPMI (cRPMI). The p e l l e t  was d ilu te d  to  o b ta in  th e  ap p ro p ria te  

c e l l  c o n cen tra tio n  fo r  th e  s tim u lu s  th a t  was to  be used.

2.4*2. Three Way Mixed lymphocyte C ultu res

MNCs from  3 d o n o rs  w ere suspended  a t  1.1 x 10^ m l” 1 in  cRPMI 

co n ta in in g  10"^ M indom ethacin. Equal volumes o f each suspension 

w ere m ixed to g e th e r  and t r i p l i c a t e  180 u l  sam p les  added to  th e  

w e lls  o f 96 w e ll t i s s u e  c u ltu re  p la te s .  The geometry o f the  w e lls  

was found to  be c r u c i a l  to  th e  e x p e r im e n ts  co n d u cted  on m ixed 

lymphocyte c u ltu re s  (MLCs), and th e re fo re  p la te s  po ssess in g  e i th e r  

round bottomed w e lls  (RBWs) or f l a t  bottomed w e lls  (FBWs) were used 

f o r  p a r t i c u l a r  i n v e s t i g a t i o n s .  The MLCs w ere th e n  in c u b a te d  a t  

37°C, 100$ r e la t iv e  hum id ity  and 5$ carbon d ioxide in  a i r  (standard  

in cu b atio n  co n d itio n s) fo r  v a rio u s  tim e perio d s , w ith  th e  standard  

tim e being  72 hours.

At th e  end o f th e  c u ltu re  pe rio d , c e l l  p r o l i f e r a t io n  was determ ined 

by m e asu rin g  in c o r p o r a t io n  o f  t r i t i a t e d  u r id in e  (^H-UdR) o r
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t r i t i a t e d  th y m id in e  (^H-TdR). 0 .2  uCi in  20 u l  o f  PBS w ere added

to  the  w e lls  fo r  th e  l a s t  6 hours o f th e  c u ltu re  period .

A f te r  t h i s  in c o r p o r a t io n  p e r io d ,  th e  c e l l s  w ere h a rv e s te d  on to  

g la ss  f ib r e  f i l t e r  m ats u s in g  a  Eynatech Automash 2 c e l l  h a rv e s te r . 

The f i l t e r  d is c s , re p re se n tin g  in d iv id u a l w e lls , were t r a n s fe r re d  

to  7 ml s c i n t i l l a t i o n  v i a l s  c o n ta in in g  200 u l  o f  0.2 M KOH to  

deg rade  th e  RNA o r DNA and o b ta in  an  even  d i s t r i b u t i o n  o f  

n u c le o t id e  th ro u g h o u t th e  s c i n t i l l a t i o n  c o c k ta i l .  4 ml o f 

s c i n t i l l a n t  was added and th e  v ia l s  mixed v igo rously . The sam ples 

w ere th e n  co u n ted  f o r  th r e e  m in u te s  each  in  a  P ackard  T r i Carb 

S e rie s  4000 Liquid S c in t i l l a t i o n  Counter w ith  window s e t t in g s  2-19 

meV. The means o f  th e  t r i p l i c a t e s  w ere d e te rm in e d  and ta k e n  to  

re p re se n t th e  p r o l i f e r a t io n  fo r  a  p a r t ic u la r  sample.

2.4.5* One Way MLCs

To i n v e s t ig a t e  an i n d i v id u a l 's  response to  a llo g e n e ic  s tim u la tio n  

and th e  e f f e c t s  o f  L f, one-w ay MLCs w ere p re p a re d . MNCs w ere 

suspended  a t  2.2 x 10^ m l-1 in  c o m p le te  medium c o n ta in in g  10” ^M 

indom ethacin. 90 u l  o f th e  c e l l  suspension were added to  the  w e lls  

o f 96 w e ll t i s s u e  c u ltu re  p la te s  and an equal volume o f mitomycin C 

t r e a te d  s tim u la to r  MNCs a t  1.1 x 10^ ml“  ̂ were added. The r a t io  o f 

2 :1 ,  r e s p o n d e r s : s t i m u l a t o r s  w as fo u n d  t o  be  o p t im a l  fro m  

p re lim in a ry  experim ents in v e s t ig a t in g  a  range o f r a t io s  from 1:1 to  

5 :1 .

The s tim u la to r  c e l l s  were p repared  by incubation  w ith  40 ug ml"’”' 

m ito m y cin  C f o r  45 m in u te s  a t  57°C. They w ere th e n  washed fo u r  

tim es in  RPMI a t  4°C. This p rocess produced c e l l s  o f approxim ately
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90># v i a b i l i t y  as determ ined by trypan  b lue exclusion . The one-way 

MLCs were incubated  under s tan d ard  co n d itio n s  fo r  between 3 and 7 

d a y s  and  th e  p r o l i f e r a t i o n  d e te r m in e d  a s  d e s c r ib e d  above. 

C ontro ls, c o n ta in in g  m itom ycin C t r e a te d  s tim u la to rs  only, showed 

no p r o l i f e r a t i o n  a f t e r  th e  c u l tu r e  p e r io d . In  an  a t te m p t  to  

s tan d a rd ise  th e  one-way MLC, a  la rg e  batch  o f s tim u la to r  c e l l s  was 

prepared from a  u n i t  o f blood obtained  by ro u tin e  v en esection  from 

a  p seu d o p o ly c y th a em ic  p a t i e n t .  The MNCs w ere p re p a re d  and 

mitomycin C tr e a te d  as described . They were then  resuspended a t  1 

x 10® m l-1 in  c o m p le te  medium c o n ta in in g  10# d im e th y ls u lp h o x id e  

(DMSO) and f r o z e n  a t  a  r a t e  o f  1 °C m in u te -1 down to  -70°C in  a  

P la n a r  Biomed P rogram m able F re e z e r  in  1ml a l i q u o t s .  These w ere 

t r a n s f e r r e d  to  l i q u i d  n i t r o g e n ,  w here th e y  w ere s to r e d  u n t i l  

r e q u ir e d .  Thaw ing was c a r r i e d  o u t by im m ersio n  o f  a  v i a l  i n to  a  

w ater ba th  a t  37°C. The c e l l s  were washed once and resuspended a t  

1.1x10^ m l- 1 . A f te r  t h i s  p ro c e d u re , v i a b i l i t y  was r o u t i n e ly  

red u ced  to  around  50#. The s t im u la to r s  w ere th e n  u sed  a s  

desc rib ed .

2.5. P rep a ra tio n  o f Zymosan A ctivated  Serum and Serum Treated 

Zymosan

Zymosan

Zymosan A from Saccharomyces c e re v is ia e  was b o ile d  fo r  15 m inutes 

in  PBS. Afer coo ling , i t  was p e l le te d  by c e n tr ifu g a tio n  a t  1000 x 

g fo r  10 m inutes and was washed tw ice  in  f re sh  PBS.

Zymosan A ctivated  Serum

30 ml o f blood was obtained  from s ix  h ea lth y  in d iv id u a ls . This was
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t r a n s f e r r e d  in to  10 ml g la s s  tu b e s  and a llo w e d  to  c l o t  f o r  

a p p ro x im a te ly  1 hour a t  room te m p e ra tu re  ( lo n g e r  t im e s  w ere 

o ccas io n a lly  necessary). The tubes were then  c en tr ifu g e d  a t  400 x 

g fo r  10 m inutes, th e  serum was a sp ira te d  and pooled. Zymosan was 

nex t added to  th e  serum to  g ive a  f i n a l  co n cen tra tio n  o f 2mg ml“ ^. 

T h is  was th e n  in c u b a te d  a t  37°C f o r  1 hour w ith  end over end 

r o t a t i o n .  The zym osan was rem oved by c e n t r i f u g a t i o n  a t  1000 x g 

fo r  10 m inutes. The ZAS was c o lle c te d  and passed through a 0.2 urn 

f i l t e r  to  rem ove s m a l le r  zym osan p a r t i c l e s  w hich  c o u ld  a c t  a s  a  

p h a g o c y tic  s t im u lu s .  The ZAS was th e n  d isp e n se d  in to  500 u l  

a l iq u o ts  and fro zen  a t  -70°C u n t i l  requ ired .

Serum Treated Zymosan

The zymosan used fo r  th e  p re p a ra tio n  o f ZAS was washed th re e  tim es 

by resuspending th e  p e l l e t  in  f r e s h  PBS and c e n tr ifu g in g  a t  1000 x 

g f o r  10 m in u te s . The STZ was suspended  a t  20 mg m l~ ^ , a l iq u o te d  

as above and fro zen  a t  -70°C u n t i l  requ ired .

2 .6 . Assay o f L a c to fe rr in

l a c t o f e r r i n  c o n c e n t r a t io n s  w ere m easured  by an  enzyme l in k e d  

immunosorbent assay  (ELISA). The assay  u t i l i s e d  p o ly c lo n a l a n t i - I f  

fo r  both  th e  an tig en  cap tu re  an tibody  and th e  d e te c tio n  antibody. 

The s e n s i t iv i ty  o f th e  ELISA was in c reased  by con jugating  b io t in  to  

th e  d e te c t io n  a n tib o d y  and th e n  u s in g  an  a v id in -p e ro x id a s e  

conjugate to  am p lify  th e  s ig n a l.

Upon r e c e i p t  o f  a n t i - L f ,  h a l f  was s to r e d  a c c o rd in g  to  th e  

m an u factu rer’s in s tru c t io n s  (4°C in  the  presence o f p re se rv a tiv e ) , 

w hile  th e  rem ain ing  h a l f  was b io tin y la te d . The b io t in y la t io n  was



a c h ie v e d  by co m b in in g  1 ml o f  a n tib o d y  a t  1 mg m l- "' in  0.1M 

b ic a r b o n a te  b u f f e r  pH 9*0 w ith  120 u l  o f  1mg ml*"  ̂ b io t in y l - N -  

h y d r o x y s u c c in im id e  and  i n c u b a t i n g  f o r  f o u r  h o u r s  a t  room  

te m p e ra tu re .  T h is  was th e n  d ia ly s e d  f o r  24 h o u rs  a g a in s t  PBS a t  

4°C. The com position o f th e  b u ffe rs  i s  given in  appendix 1.

The assay  procedure was as fo llo w s:

1. 96 w e l l  f l a t  b o tto m ed  m ic ro  ELISA p l a t e s  w ere c o a te d  w ith

an tibody  by adding 100 u l  o f a  1:1000 d i lu t io n  o f antibody in  

c o a t in g  b u f f e r  pH 9*6 to  th e  w e l ls  and in c u b a t in g  a t  4°C 

o v e rn ig h t.

2. W ells  w ere w ashed tw ic e  w ith  PBS (see  below  f o r  w ash ing  

p rocedure).

3. Any unbound b ind ing  s i t e s  on th e  p la te  were blocked by adding 

200 u l  o f  0 .5$ w /v g e l a t i n  in  PBS and in c u b a t in g  a t  room 

tem peratu re  fo r  30 m inutes.

4 . W ells were washed 4 tim es in  PBS wash b u ffe r.

5. 50 u l  o f  s ta n d a rd  Lf (C alb iochem  Lf s ta n d a rd )  o r sam p les  

d ilu te d  in  0.1$ gelatin /P B S  were added to  d u p lic a te  w e lls  and 

incubated  fo r  2 hours a t  room tem perature.

6. W ells washed 4 tim es w ith  PBS wash b u ffe r .

7* 50 u l  o f  a  1:1000 d i l u t i o n  o f  b io t i n y l a t e d  a n t i  Lf in  0.1$

g e la t in /P B S  w ere added to  th e  w e l l s  and in c u b a te d  f o r  1.5 

hours a t  room tem peratu re .
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8. W ells were washed 4 tim es  w ith  PBS wash b u ffe r .

9. 50 u l  o f av id in -p e ro x id ase  conjugate d ilu te d  1:1000 in  b o ra te  

s a lin e  were added to  th e  w e lls  and incubated fo r  1 hour.

10. W ells were washed 4 tim es w ith  b o ra te  wash b u ffe r .

11. 100 u l  o f s u b s tra te  were added and th e  p la te s  incubated  fo r  30 

m in u te s  a t  room te m p e ra tu re .  The s u b s t r a t e  was 5 am ino 

s a l y c y l i c  a c i d ,  t h i s  w as d i l u t e d  to  1 mg m l-  ̂ i n  PBS. 

E x c e ss iv e  c o lo u r  was rem oved by th e  a d d i t io n  o f  a c t i v a t e d  

charcoa l a t  0.01 mg ml“  ̂ fo llow ed  by passage through a  Whatman 

no.1 f i l t e r .  Im m e d ia te ly  p r i o r  to  u se  0.2 ml o f  1# H2 O2 w ere 

added per 20 ml o f su b s tra te .

12. 50 u l  o f 3 M EaOH were added to  each w e ll to  s to p  th e  rea c tio n .

13* The a b so rb an c e  in  th e  w e l l s  was re a d  a t  455-5 nm in  an 

autom ated m ic ro -p la te  reader (Kontron).

For each p la te ,  no sample or standard  was added to  two w e lls  fo r  

d e te r m in a t io n  o f  n o n - s p e c i f ic  b in d in g . The n o n -sp e c if ic  b ind ing  

was au to m a tica lly  su b tra c te d  from th e  read ings by th e  m icrop la te  

re a d e r .

The w ash in g  p ro c e d u re  c o n s is te d  o f  em p ty in g  th e  w e l l s  by ra p id  

in v e r s io n  and th e n  f i l l i n g  w i th  wash b u f f e r .  For th e  f i r s t  wash 

th e  w e lls  were em ptied im m ediately; fo r  subsequent washes th e  p la te  

was allow ed to  stand  fo r  fo u r m inutes befo re  re p la c in g  w ith  f re sh  

b u f f e r .
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2.7* Assay o f In te r le u k in -2

IL-2 was assayed u s in g  th e  IL-2 dependent c e l l  l in e ,  CTLL-2. This 

c e l l  p r o l i f e r a t e s  r a p id ly  in  th e  p re se n c e  o f  th e  lym phok ine  and 

d ie s  in  i t s  a b sen ce . The d e g re e  o f  p r o l i f e r a t i o n ,  a s  a s s e s s e d  by 

^H-TdR in c o r p o r a t io n ,  can  be r e l a t e d  t o  th e  am ount o f  IL -2  in  th e  

t e s t  su p ern a tan t.

Maintenance o f CTLL-2

CTLL-2 were m ain tained  in  c u ltu re  and harvested  as req u ired  fo r  th e  

assay. S ince th e  c e l l s  use IL-2 ra p id ly , a f t e r  which they  qu ick ly  

d ie ,  th e  c u l tu r e s  r e q u ir e d  c o n s id e ra b le  a t t e n t i o n  to  e n su re  t h a t  

c e l l  numbers rem ained low.

The c u l tu r e s  w ere m a in ta in e d  in  RPMI 1640 su p p lem en ted  w ith  10$ 

PCS, p e n ic i l l in  100 IU ml“ ^, strep tom ycin  100 ug ml“ ^, L-Glutamine 

2 mM, 2.5 x 10” ^ M 2 -m e rc a p to e th a n o l and 20 U m l”  ̂ IL -2  a t  57°C 

w ith  5$ CO2 in  a i r  and 100$ r e l a t i v e  h u m id ity . B ecause o f  th e  

d i f f i c u l t i e s  d escribed  above, they  were ro u tin e ly  passaged every  2 

days by c e n t r i f u g in g  th e  c u l t u r e s  a t  400 x g f o r  10 m in u te s  and 

re su sp e n d in g  th e  c e l l s  b e tw een  5 x 10^ and 1 x 1 0 ^  m l-^ i n  f r e s h  

medium. Using t h i s  approach, CTLL-2 could u su a lly  be m ain tained  

f o r  up to  one m onth. They w ere n e v e r k e p t  f o r  lo n g e r  th a n  t h i s ,  

s in c e  th e y  w ould e i t h e r  d ie  o r become u n re s p o n s iv e  to  IL -2 . Por 

th i s  reason , a  la rg e  s to ck  o f cryopreserved  CTLL-2 was req u ired .

C ryopreservation  o f CTLL-2

F reezing  o f CTLL-2 was conducted a t  re g u la r  in te r v a ls  when, assay  

r e s u l t s  and th e  g e n e r a l  a p p ea ra n ce  and b e h a v io u r  o f  th e  c u l tu r e  

in d ic a te d  a  h e a lth y  IL-2 responsive  popu la tion . The c e l l s  were
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suspended  a t  10^ m l“  ̂ i n  th e  su p p lem en ted  m edia d e s c r ib e d  above 

w ith  th e  a d d i t io n  o f  10$ DMSO. 1 ml a l i q u o t s  o f  th e  su sp e n s io n  

were t r a n s fe r re d  to  cryotubes. These were then  fro zen  by p lac in g  

th e  v ia l s  in to  p o lysty rene  and le av in g  a t  -70°C overn igh t p r io r  to  

t r a n s fe r r in g  to  l iq u id  n itro g en .

New c u l tu r e s  w ere i n i t i a t e d  by th a w in g  a  v i a l  o f  f r o z e n  c e l l s  

r a p id ly  in  a  w a te r  b a th  a t  37°C. The c e l l s  w ere th e n  r a p id ly  

t r a n s f e r r e d  to  20 ml o f  su p p lem en ted  medium w hich  had been  

prew arm ed to  37°C. The c u l tu r e  was in c u b a te d  u n d e r s ta n d a rd  

c o n d i t io n s  f o r  24 h o u rs , a f t e r  w hich  th e  c e l l s  w ere p a ssag ed  a s  

described . Using th i s  approach, ra p id ly  growing c e l l s  were u su a lly  

o b ta in e d  w i th in  5 -7  days. In  a cco rd an ce  w ith  th e  r e p u ta t io n  o f 

t h i s  c e l l  l i n e ,  how ever, p e r io d ic  f a i l u r e s  o c c u r re d  and i t  was 

necessary  to  re tu rn  to  th e  fro zen  stocks.

Assay Procedure

CTLL-2 w ere p a ssa g ed  th e  day b e fo re  a  p lan n ed  a s s a y  to  o b ta in  

h e a l th y  c e l l s  in  lo g  p h ase  g ro w th . For th e  a s s a y , th e  c e l l s  w ere 

w ashed once in  RPMI, co u n ted  and re su sp en d ed  a t  10^ m l“  ̂ in  

su p p lem en ted  medium c o n ta in in g  no IL -2 . The su sp e n s io n s  w ere 

incubated fo r  2 hours a t  37°C to  a llow  in te r n a l is a t io n  o f recep to r 

bound IL-2 and to  reduce background counts (M ichalski and McCombs 

1985)* M eanw hile , 100 u l  o f  sam p les  o r s ta n d a rd  w ere added in  

t r i p l i c a t e  to  th e  w e l l s  o f  96 w e l l  f l a t  b o ttom ed  t i s s u e  c u l tu r e  

p la te s . The s tandard  used was th e  in te rim  in te rn a t io n a l  standard  

from th e  B io lo g ica l Response M odifiers Program (a kind g i f t  from 

Dr. R ossi). S e r ia l  d i lu t io n s  o f sample and s tan d ard  were produced 

in  s i t u  u s in g  a  m u l t i - c h a n n e l  p i p e t t e .  A n e g a t iv e  c o n t r o l  o f

75



su p p lem en ted  medium a lo n e  was a l s o  in c lu d e d . 100 u l  o f  CTLL-2 

suspension were then  added and the  p la te s  incubated  under s tandard  

c o n d i t io n s  f o r  24 h o u rs . Lor th e  l a s t  4 h o u rs  o f  in c u b a t io n ,  0.5 

uCi ^H-TdR in  20 u l  w ere  added to  each  w e l l .  The c e l l s  w ere 

h a r v e s t e d  a s  p r e v i o u s l y  d e s c r i b e d  and  t h e i r  p r o l i f e r a t i o n  

d e te rm in e d  by l i q u i d  s c i n t i l l a t i o n  c o u n tin g . The means o f  each  

t r i p l i c a t e  were used to  determ ine th e  IL-2 co n cen tra tio n  by p ro b it 

a n a ly s i s .  T h is  was a c h ie v e d  u s in g  a  program  f o r  an Apple l i e  

microcomputer pub lished  by Schm itt and B a lle t  (1985).

2 .8 . Assay o f In te r le u k in  1

IL-1 was measured u s in g  th e  method o f Gearing e t  a l .  (1987), which 

r e l i e s  upon IL -2  p ro d u c t io n  from  th e  c e l l  l i n e  EL-4.N0B-1 in  

re sp o n se  to  th e  m onokine. The IL -2  i s  th e n  a ssa y ed  by i t s  e f f e c t  

on CTLL-2 as described  in  s e c tio n  2.7-

Maintenance o f EL-4.LOB-1

EL-4.N0B-1 were c u ltu re d  in  RPMI 1640 supplem ented w ith  5$ ECS, 100 

IU ml“ 1 p e n ic i l l in ,  100 ug ml- *' s trep tom ycin  and 2 mM L-Glutamine. 

The c e l l  d e n s i ty  was m a in ta in e d  a t  b e tw een  1 and 5 x 10^ m l- '' by 

su b cu ltu rin g  every  th re e  days w ith  a  1:10 d i lu t io n . I t  was found 

n e c e s s a ry  n o t to  a llo w  th e  c e l l s  to  a c h ie v e  to o  h ig h  a  d e n s i ty ,  

s in c e  t h e i r  s e n s i t i v i t y  d im in is h e d  due to  v e ry  h ig h  background  

c o u n ts . At h ig h  c o n c e n t r a t io n s ,  th e  pheno type  changes to  a  

spontaneous IL-2 producer (Gearing, personal communication) which 

could ex p la in  t h i s  observation .

A f ro z e n  s to c k  o f  EL-4.R0B-1 was m a in ta in e d  by re s u sp e n d in g  th e  

c e l l s  a t  107 m l~1 in  50$ PCS, 10$ DMSO and 40$ RPMI 1640 and
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fre e z in g  as described  fo r  th e  CTLL-2 l in e .

Assay Procedure

The EL-4-N0B-1 w ere h a rv e s te d  and washed tw ic e  i n  RPMI 1640, th e  

c e l l s  w ere th e n  re su sp e n d ed  a t  2 x 10^ m l~1. S e r i a l  d i l u t i o n  o f  

sam ple and s ta n d a rd  (R a tio n a l  I n s t i t u t e  o f  B io lo g ic a l  S ta n d a rd s  

in te r im  s ta n d a rd  IL-1 b e ta ,  a  k in d  g i f t  from  Dr. G earing ) w ere 

p repared in  t r i p l i c a t e  in  96 w e ll m ic ro t i t r e  p la te s ,  le av in g  100 u l  

in  each  w e l l .  100 u l  o f  th e  c e l l  s u sp e n s io n  w ere th e n  added and 

th e  p la te s  incubated under s tan d ard  co n d itio n s  fo r  two hours. The 

c e l l s  were then  washed in  s i t u  by sp in n in g th e  p la te  a t  200 x g fo r  

10 m in u te s . The s u p e r n a ta n ts  w ere c a r e f u l l y  a s p i r a t e d  u s in g  a  

m u l t i - c h a n n e l  p i p e t t e  and 200 u l  o f  f r e s h  medium re p la c e d . The 

w ash ing  p ro c e d u re  was re p e a te d  tw ic e  b e fo re  200 u l  o f  f r e s h  

c o m p le te  medium was added and th e  c e l l s  in c u b a te d  f o r  24 h o u rs . 

The p la te s  were again  cen tr ifu g ed  to  remove a l l  c e l l s  in  suspension 

and th e  to p  50 u l  o f medium tra n s fe r re d  to  a  f re s h  p la te . 50 u l  o f 

CTLL-2 a t  1 x 10^ m l-  ̂ w ere th e n  added to  a l l  th e  w e l l s  o f  t h i s  

d u p lic a te  p la te ,  which was then  incubated fo r  a  fu r th e r  24 hours. 

The p ro l i f e r a t io n  o f th e  CTLL-2s was assessed  fo llo w in g  a  pu lse  o f 

0.5 uCi ^H-TdR in  20 u l  o f PBS as  p rev io u sly  described .

2»9» S ta t i s t i c s

A ll s t a t i s t i c a l  analy ses were by S tudents T t e s t .
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CHAPTER THREE

DETECTION AND IDENTIFICATION OF A MONONUCLEAR CELL INHIBITOR

RELEASED FROM PHAGOCYTOSING NEUTROPHILS

P re v io u s  s tu d i e s  have in d ic a te d  t h a t  p h a g o c y to s in g  n e u t r o p h i l s  

re le a se  an in h ib i to r  o f m yelopoiesis in  v i t r o  (P h ilip  e t  a l .  1982). 

The f o l lo w in g  e x p e r im e n ts  w ere d e s ig n e d  to  i n v e s t i g a t e  w h e th er 

phagocytosing n e u tro p h il cond itioned  medium (PNCM) could in h ib i t  

mononuclear c e l l  p r o l i f e r a t io n  in  response to  v a rio u s  s t im u li .

5 .1 . P rep a ra tio n  o f PNCM

PNCM was prepared  u s in g  th e  co n d itio n s  p rov id ing  maximum in h ib i to r  

p r o d u c t i o n  a s  p r e v i o u s l y  d e te r m in e d  ( P h i l i p  e t  a l .  1 982 ). 

O psonised  C andida g u i l l i e r m o n d i i  were used to  s t im u la te  PMNs fo r  

th e  p ro d u c tio n  o f  PNCM. T h is  o rg an ism  h as  th e  a d v an tag e  o f  n o t 

producing hyphae and o f not k i l l i n g  n e u tro p h ils . The opsonins were 

provided by a  pool o f norm al human serum, prepared as  described  in  

s e c t io n  2.5* The y e a s t  was grown o v e rn ig h t  in  g lu c o se  b ro th  

( n u t r i e n t  b r o th  su p p lem en ted  w ith  2 g 1“  ̂ g lu c o se )  a t  37°C in  a  

shaking w ater ba th . The Candida were then  h ea t k i l l e d  by im m ersion 

o f th e  f la s k  in  b o il in g  w ater fo r  15 m inutes, a f t e r  which they  were 

washed th r e e  t im e s  in  PBS by c e n t r i f u g a t io n  a t  600 x g f o r  10 

m in u te s . The o rg a n ism s  w ere co u n ted  u s in g  a  h aem ocy tom eter and 

subsequently  opsonised by in cu b atio n  in  pooled norm al serum a t  1 x 

10® ml*"̂  fo r  1 hour a t  37°C w ith  end over end ro ta t io n . They were 

then h arvested  by c e n tr ifu g a tio n  a t  600 x g fo r  10 m inutes, a f te r  

w hich th e  c e l l s  w ere w ashed th r e e  t im e s  in  PBS and co u n ted  a f t e r
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th e  f i n a l  wash. P r io r  to  u se , th e  Candida were resuspended in  PBS- 

A a t  1 x 107 ml- ** and e q u il ib ra te d  to  37°C. N eu troph ils  prepared 

as  described  in  Chapter 2, were suspended a t  2 x 10^ ml”  ̂ in  PBS-A 

and r a i s e d  to  37°C. E qual vo lum es o f  PMN and C andida  w ere  m ixed 

to g e th e r  g iv in g  a  r a t i o  o f  1 PMN to  5 C andida. These w ere th e n  

in c u b a te d  a t  37°C f o r  30 m in u te s  w ith  end o v e r end r o t a t i o n  to  

a llo w  p h a g o c y to s is  to  o ccu r. T h is  was checked by e x a m in a tio n  o f  

s ta in ed  (D iff Quick) cy to sp in  p re p a ra tio n s . The c e l l s  were removed 

by c e n tr ifu g a tio n  a t  600 x g fo r  10 m inutes and th e  PNCM c o lle c te d . 

T h is  was th e n  s t e r i l i s e d  by p a ssa g e  th ro u g h  a  0.2 urn m ic ro p o re  

f i l t e r  and a liq u o te d  in to  1 ml polypropylene v ia ls .  The PNCM was 

s to re d  a t  -20°C u n t i l  req u ired .

3.2. D eterm ination  o f th e  E ffe c t o f PNCM on Mononuclear C ell 

P ro l i f e ra t io n

The e f f e c t  o f PNCM on mononuclear c e l l  p r o l i f e r a t io n  in  response to  

a  range o f s t im u li  was then  in v e s tig a te d .

The m itogens used were PHA and Con A. Mononuclear c e l l  suspensions 

w ere p re p a re d  in  cRPMI a t  1.25 x 10^ m l” ^. 160 u l  o f  c e l l

suspension were added to  th e  w e lls  o f  f l a t  bottomed 96 w e ll t i s s u e  

c u l tu r e  p l a t e s .  20 u l  o f  PNCM w ere added to  h a l f  o f  th e  w e l l s  

w ith  20 u l  o f  PBS added to  th e  re m a in in g  h a l f  to  a c t  a s  c o n t r o l s .  

20 u l  o f m itogen were then  added to  t r i p l i c a t e  w e lls  to  produce a  

range of s tim u lu s  co n cen tra tio n s . The p la te s  were incubated  fo r  72 

hours, a f t e r  which the  c e l l  p r o l i f e r a t io n  was assessed  by m easuring 

^H-TdR in co rp o ra tio n .
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The r e s u l ta n t  dose response curves fo r  PHA and Con A and th e  e f f e c t  

o f PNCM on th ese  can be seen  in  F igu res 1 and 2. PNCM was found to  

be in h ib ito ry  a t  every s tim u lu s  co n cen tra tio n , producing a  g re a te r  

e f f e c t  a g a in s t PHA than  Con A.

Each experim ent was conducted u s in g  a  d i f f e r e n t  donor fo r  bo th  the  

m ononuclear c e l l s  and t o  p roduce  th e  PNCM. To i n v e s t i g a t e  th e  

re p ro d u c ib il i ty  o f th e  in h ib i t io n  by PNCM, two batches o f PNCM were 

random ly  s e l e c t e d  and t e s t e d  a g a i n s t  d i f f e r e n t  d o n o r MNCs 

s t im u la te d  by 4 ug ml"^ PHA. T ab le  1 shows th e  r e s u l t s  o f  th e s e  

experim ents expressed  as  percen tage  i n h i b i t i o n  o f  c o n t r o l  v a lu e s . 

Percentage in h ib i t io n  was c a lc u la te d  as fo llo w s:

PNCMa gave 40-7f° i n h i b i t i o n  and PNCMb ^ 2 . %  T h is  com pares v e ry

producing a  35*6% in h ib i t io n  below c o n tro l values.

I n i t i a l  e x p e r im e n ts  w ith  MLCs w ere d is a p p o in t in g ,  w ith  l i t t l e  

p r o l i f e r a t i o n  o c c u r in g  t h a t  was n o t a f f e c t e d  by PNCM (F ig u re  3)* 

However, a  re p o r t  by Teodorescu (1983) dem onstrated th e  im portance 

o f c lo se  c e l l  c o n tac t to  s t im u la te  p ro te in  sy n th es is  by lym phoctes.

Therefore, th e  experim ents were repeated  u sin g  3H_udR to  measure 

RNA sy n th es is . The e f f e c t  o f c e l l  co n tac t was a lso  in v e s tig a te d  by 

c u l tu r in g  th e  c e l l s  in  round bo tto m ed  and in  f l a t  b o tto m ed  w e l ls  

f o r  72 h o u rs . M ic ro sc o p ic  e x a m in a tio n  o f  th e  sp re a d  c u l tu r e s  

revealed  th a t  l i t t l e  co n tac t occurred between th e  c e l l s ,  o ther th an

% In h ib i t io n  = 1(30
c o n tro l cpm x t e s t  c;

100

f a v o u ra b ly  w ith  th e  d a ta  in  F ig u re  1 a t  4 ug ml  ̂ PHA, w ith  PNCM
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Figure 1. The e f f e c t  o f 10$ PNCM on mononuclear c e l l  p ro l i f e r a t io n  

in  response to  PHA. Data re p re se n ts  %-TdR in co rp o ra tio n  a f t e r  72 

hours in cu b atio n  fo r  s ix  in d iv id u a l MNC donors and s ix  PM  donors 

fo r  th e  PNCM.

R e s u l ts  r e p re s e n t  means + /-
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F igure  2. The e f f e c t  o f 10fo PNCM on mononuclear c e l l  p ro l i f e r a t io n  

in  response to  Con A. Data re p re se n ts  ^H-Tdr in c o rp o ra tio n  a f te r  

72 h o u rs  in c u b a t io n  f o r  3 in d iv id u a l  MNC donors and 3 PMN donors 

fo r  th e  PNCM.

?

R e s u l ts  r e p re s e n t  means +/-
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Donor PNCMa
jo Inh ib ition

PM M b

1 35 17

2 68 31

3 38 49

4 27 28

5 29 38

6 27 32

Mean 40.7  32.5

SEM 7 .2  4 .3

Table 1

C om parison b e tw een  th e  i n h i b i t i o n  o f  p r o l i f e r a t i o n  by s ix  MNC 

donors s tim u la te d  w ith  4  ug ml“ 1 PHA in  response to  two d if f e r e n t  

ba tches of PNCM.
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control PNCM

Figure 3» The e f f e c t  o f 10$ PNCM on ^H-TdR in co rp o ra tio n  in to  3 - 

way MLCs a f t e r  72 hours in cu b atio n  in  FBWs.

R esu lts  re p re se n t means o f s ix  sep a ra te  experim ents + / -  SEM w ith  a  

d i f f e r e n t  PNCM donor fo r  each.
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around  th e  edge o f  th e  w e l l s .  The c u l tu r e s  in  RBWs fo rm ed  a  v e ry  

c le a r ,  t ig h t ly  packed p e l l e t  in  th e  base o f th e  w e ll. The r e s u l t s  

o f  th e s e  e x p e r im e n ts  w ere i n  acco rd an ce  w ith  T e o d o re scu s ' w ork, 

w ith  c o n s id e ra b ly  more u r id i n e  in c o r p o r a t io n  o c c u r in g  in  th e  

crow ded c u l t u r e s  th a n  in  th e  sp re a d  (F ig u re  4)* In  a d d i t io n ,  th e  

enhanced  t r a n s c r i p t i o n a l  a c t i v i t y  o c c u r in g  in  re sp o n se  to  c e l l  

crowding was in h ib ite d  by PNCM, whereas no e f f e c t  was observed in  

th e  spread  c u ltu re s .

To d e te rm in e  w h e th e r PNCM was o n ly  a f f e c t i n g  RNA s y n th e s i s  o r 

w h e th e r p r o l i f e r a t i o n  was a l s o  i n h i b i t e d ,  crow ded MLCs w ere 

p re p a re d  and th e  e f f e c t  o f  PNCM on b o th  ^jp-UdR and ^H—TdR 

in c o r p o r a t io n  m easu red . To i n v e s t i g a t e  th e  t im e  c o u rse  o f  th e  

response, n u c leo tid e  uptake was assessed  over a  seven day period . 

F igure 5 shows th a t  although  h igher counts were ob tained  w ith  TdR, 

th e  p a t t e r n  o f  re sp o n se  was v e ry  s i m i l a r .  F ig u re  6 , w hich  

r e p r e s e n ts  th e  same d a ta  e x p re s se d  a s  p e rc e n ta g e  i n h i b i t i o n  o f 

c o n t r o l  v a lu e s  shows t h a t  b o th  UdR and TdR in c o r p o r a t io n  w ere 

a ffe c te d  id e n t ic a l ly  by PNCM.

The e f f e c t  o f  PNCM on a  s i n g l e  d o n o r 's  MNCs s t i m u l a t e d  

a l l o g e n e i c a l l y  in  a  one-w ay MLC was n e x t i n v e s t ig a te d .  The 

co n d itio n s  i n i t i a l l y  used were th o se  found to  be op tim al fo r  th e  3 - 

way MLC, namely 72 hours in  crowded co n d itio n s , w ith  p r o l i f e r a t io n  

being  determ ined by %-UdR in co rp o ra tio n . However, as  i l l u s t r a t e d  

in  Table 2, only one o f th re e  donors responded to  PNCM under th ese  

co n d itio n s . Since one-way MLCs a re  g e n e ra lly  incubated  fo r  7 days 

(Shou e t  a l .  1980) e x p e r im e n ts  w ere r e p e a te d  u s in g  th e  lo n g e r  

in c u b a t io n  t im e . In  an a t te m p t  to  s ta n d a r d i s e  th e  re s p o n se , a
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0

M  control 

■  PNCM

F ig u re  4 . The e f f e c t  o f  c e l l  c row ding  and PNCM on %-UdR 

in co rp o ra tio n  in to  3-way MLCs incubated fo r  72 hours.

R esu lts  re p re se n t means o f s ix  sep a ra te  experim ents + / -  SEM w ith  a  

d i f f e r e n t  PNCM donor fo r  each.
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Figure 5» The e f f e c t  o f tim e and 10% PNCM on ^H-UdR ( l e f t )  and % - 

TdR ( r ig h t)  in c o rp o ra tio n  in to  3-way MLCs cu ltu re d  in  KBWs.
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F ig u re  6. The d a ta  i l l u s t r a t e d  in  F ig u re  5 e x p re s se d  a s  % 

in h ib i t io n  in d u ced  by PNCM below  c o n t r o l  v a lu e s  o b ta in e d  w ith o u t  

PNCM.
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CPM

MC Donor 

1 

2 

3

Table 2

The e f f e c t  o f 1CYfo PNCM on %-UcLR in co rp o ra tio n  in to  72 hour one-way 

MLCs cu ltu re d  in  KBWs.

C ontrol \Q ?o PNCM

3641 3542

4583 4738

4185 3652



b a tc h  o f  s t im u la to r  c e l l s  was p re p a re d  and f r o z e n  from  a  u n i t  o f  

b lo o d  o b ta in e d  from  a  p seu d o p o ly c y th a em ic  p a t i e n t  u n d e rg o in g  

ro u tin e  venesection . In  a d d itio n , th e  MNCs were incubated  in  th e  

absence o f s tim u la to r  c e l l s .  The r e s u l t s  o f th e se  experim ents a re  

shown in  T ab le  3* I t  can  be se e n  t h a t  a  c o n s id e ra b le  am ount o f  

v a r ia t io n  occurred betw een donors b o th  in  re sp o n se  t o  s t im u la to r  

c e l l s  and to  PNCM, w ith  some in d iv id u a l s  b e in g  in h i b i t e d  by th e  

n e u t r o p h i l  e x u d a te  w h i l s t  o th e r s  w ere e i t h e r  u n a f f e c te d  o r 

s t im u la te d .  The one-w ay MLC was th e re fo re  considered  u n su ita b le  

fo r  co n tin u in g  th e  in v e s t ig a tio n s .

To determ ine whether th e  in h ib i t io n  produced by PNCM was n e u tro p h il 

derived  and th a t  phagocytosis was req u ired  fo r  i t s  re le a s e , c o n tro l 

c o n d it io n e d  m ed ia  w ere p re p a re d  a lo n g s id e  PNCM. These w ere th e  

Candida only  a t  5x10^ ml”  ̂ and th e  PMN a t  10^ ml“  ̂ and were t r e a te d  

e x a c t ly  a s  th e  c o m b in a tio n  o f  th e  tw o f o r  p ro d u c t io n  o f  PNCM. 

A ddition o f e i th e r  c o n tro l a t  1C$ to  crowded MLCs had no e f f e c t  on 

th e  p r o l i f e r a t io n  o f  th e  c u ltu re s , as shown in  F igure 7» Thus, i t  

w as c o n c lu d e d  t h a t  t h e  i n h i b i t o r y  f a c t o r  w as r e l e a s e d  by 

n e u tro p h ils  in  response to  phagocytosis.

C h a ra c te r is a tio n  o f th e  In h ib i to r  

Work by Broxm eyer e t  a l .  (1978) d e m o n s tra te d  t h a t  n e u t r o p h i l  

derived  BIT i s  ab le  to  in h ib i t  p roduction  o f GM-CSF in  v i t r o .  Since 

Lf i s  known to  be r e le a s e d  u n d e r th e  c o n d i t io n s  u sed  to  p re p a re  

PNCM, t h i s  was considered  to  be th e  most l ik e ly  f a c to r  re sp o n sib le  

fo r  th e  observed in h ib it io n . PNCM was th e re fo re  d ep le ted  o f I f  by 

a f f in i t y  chromatography.



Donor -PNCM +PNCM -PNCM +PNCM -PNCM +PNCM

1 9356 6180 16897 22820 7041 16640

2 4629 6353 11993 17427 7364 11074

3 19324 12135 26462 22275 7138 10140

4 4941 4892 13286 19176 7445 14284

5 5450 4492 6844 6036 1394 1544

6 7622 12989 27308 28542 19688 15553

ean 8554 7840 16982 19379 8345 11539

EM 2277 1526 3393 3088 2462 2249

Table 3

The e f f e c t  o f  \ 0 (fo PNCM on ^H-UdR in c o r p o r a t io n  in to  one-w ay MLCs 

cu ltu re d  fo r  7 days in  KBWs.

R = Responder c e l l s .

R+S = MLC o f responders + Mytomycin C tre a te d  s tim u la to rs .
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Figure 7. The e f f e c t  o f medium conditioned  by Candida alone (Cg), 

n e u tro p h ils  alone (PNM) and th e  com bination o f th e  two to  produce 

PNCM on ^H-UdR in co rp o ra tio n  in to  crowded MLCs.

R esu lts  re p re se n t means o f fo u r sep a ra te  experim ents + / -  SEM.
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3 .3 .1 . A f f in ity  Chromatography

M onoclonal a n t i - L f  was a  g e n e ro u s  g i f t  from  Dr. J. B rock. T h is  was 

s u b s e q u e n tly  bound to  cyanogen b ro m id e  a c t i v a t e d  S ep h arose  4B, 

a c c o rd in g  to  th e  m ethod o f  Yan E i jk  and Van N oort(1976) f o r  

t r a n s f e r r in  a f f i n i t y  chromatography.

Iy o p h ilise d  Sepharose 4B was ob ta ined  from Sigma. 3 grams o f the  

d r ie d  powder w ere  s w o l le n  f o r  1 5 m in u te s  in  1 mM HC1 in  a  2 cm 

d iam eter Econocolumn (Biorad). The HC1 was then  allow ed to  d ra in  

o f f  and th e  g e l  w ashed by p a s s in g  600 ml o f  th e  same s o lu t io n  

th ro u g h  th e  colum n. 15 ml o f  c o u p lin g  b u f f e r  (0.1 M NaHCO^ 

co n ta in ig  0.5 M NaCl, pH 8.3) were th en  used to  wash th e  g e l, a f t e r  

w hich i t  was t r a n s f e r r e d  to  a  50  ml tu b e  and 20  ml o f  c o u p lin g  

b u ffe r  co n ta in in g  th e  an tibody  a t  10 mg p ro te in  ml“  ̂ added. This 

was m ain tained  a t  4°0  w ith  g e n tle  end over end ro ta t io n  overn igh t. 

The fo llo w in g  morning, any a c tiv e  groups rem aining on th e  g e l were 

b lo ck ed  by r e p la c in g  th e  c o u p lin g  b u f f e r  w ith  0 .2 M g ly c in e  a t  pH

8.0  f o r  tw o h o u rs . The g e l  was th e n  w ashed t o  rem ove e x c e ss  

un co u p led  l ig a n d  by a l t e r n a t e l y  p a s s in g  100 ml o f  0.1 M a c e t a t e  

b u ffe r  (0.1 M N a C lg f t^  co n ta in in g  0.5 M NaCl, pH 4*0) and coupling  

b u f f e r  a t  pH 8.3 down th e  colum n 5 t im e s . The a f f i n i t y  g e l  was 

th en  s to re d  a t  4°C in  0.1 M Tris/H C l pH 7*2 b u ffe r  co n ta in in g  15 mM 

sodium azide .

The e f f ic a c y  o f th e  a n ti-L f  column was determ ined u s in g  50fo 

s a tu ra te d  Lf. ^9pe was bound to  a  so lu tio n  o f p u r if ie d  human I f  in  

0.1 M Tris/H Cl b u ffe r  accord ing  to  th e  method o f G utteridge  e t  a l .  

(1981) which i s  d e ta i le d  s e c tio n  3-3-3« A s to ck  so lu tio n  was made 

to  a  f i n a l  co n cen tra tio n  o f  10“ ^ m. Approxim ately 2 ml o f a n ti-L f
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S ep h aro se  4B w ere added to  a  0.5 cm d ia m e te r  Econocolum n and th e  

column allow ed to  form by g ra v ity . This was washed w ith  20 ml o f 

0.1 M T ris /H C l b u f f e r  b e fo re  2 ml o f  th e  s o lu t io n  was

o v e rla id . The column was allow ed to  run by g ra v ity , and a f t e r  th e  

sam ple  had e n te r e d  th e  g e l ,  20 ml o f  T ris /H C l w ere  added. 2 ml 

f r a c t i o n s  w ere c o l l e c t e d  and co u n ted  f o r  r a d i o a c t i v i t y .  No 

a c t i v i t y  was d e te c te d  in  any f r a c t i o n  and a  c l e a r l y  d e f in e d  p in k  

band in d i c a t i v e  o f  i r o n  s a t u r a t e d  l a c t o f e r r i n  co u ld  be o b serv ed  

approxim ately  halfw ay down th e  column. G-lycine/HCl b u ffe r  a t  pH 

2.8 was used to  e lu te  o f f  th e  bound Lf. The m aintenance o f th e  pink 

co lour in d ic a te d  th a t  t h i s  tre a tm e n t d id  not cause d is s o c ia tio n  o f 

th e  Fe from  th e  Lf. S ubseq u en t m easurem ent o f  th e  a b so rb an c e  a t  

460 nm confirm ed th i s  o b servation . E lu tio n  occurred very  ra p id ly , 

and a l l  th e  r a d io a c t iv i ty  added to  the  column was c o lle c te d  in  the  

second 2 ml f r a c t io n .

To in v e s t ig a te  th e  c ro ss  r e a c t iv i ty  o f th e  column, 59p@ la b e lle d  

t r a n s f e r r i n  and v i ta m in  b in d in g  p r o te in  w ere u sed . N e ith e r  

w ere r e t a in e d  by th e  a f f i n i t y  g e l .  The B ^  b in d in g  p r o te in  was 

k in d ly  assayed by Mr. K. Sheppard, C ity  H o sp ita l, Nottingham.

F o llo w in g  re c o v e ry  o f  th e  L f, th e  g e l  was r e g e n e ra te d  p r i o r  to  

s to r a g e  a t  4°C. The colum n was washed w ith  20 ml o f  0.1 M 

T ris /H C l c o n ta in in g  0.5 M NaCl a t  pH 8.5* T h is  was fo llo w e d  w ith  

20 ml o f  0.1 M sodium  a c e t a t e  b u f f e r  c o n ta in in g  0.5 M NaCl a t  pH

4.0 a f t e r  which th e  column was r e - e q u i l l ib r a te d  w ith  0.1 M Tris/H Cl 

a t  pH 7*2 co n ta in in g  15 mM sodium azide.

Having v e r i f ie d  th e  e f f ic a c y  o f th e  a n ti-L f  column, i t  was used to



remove Lf from  PNCM. The co n d itio n s  used were id e n t ic a l  to  those  

d e s c r ib e d  above, w ith  th e  e x c e p tio n  t h a t  th e  g e l  was washed 

i n i t i a l l y  in  PBS r a t h e r  th a n  T ris /H C l b u f f e r ,  s in c e  PBCM was 

p re p a re d  in  PBS. 2 ml o f  PNCM w ere added to  th e  colum n and 

a llo w e d  to  e n te r  th e  g e l .  T h is  was fo llo w e d  by an  e x c e s s  o f  PBS. 

2 ml f r a c t io n s  were c o lle c te d  and s t e r i l i s e d  by passage through a  

0.2 urn f i l t e r  and s to r e d  a t  -20°C  u n t i l  r e q u ir e d .  G lycine/H C l 

b u f f e r  a t  pH 2.8 was th e n  p a sse d  down th e  colum n and f u r t h e r  2 ml 

f r a c t i o n s  c o l l e c te d .  The f r a c t i o n s  w ere tr a n s fe r re d  to  d ia ly s is  

tu b in g  and d ia ly s e d  a g a in s t  an  e x c e s s  o f  PBS a t  4°C f o r  24 h o u rs . 

These were s t e r i l i s e d  and s to re d  a t  -20°C u n t i l  req u ired .

These f r a c t i o n s  w ere th e n  t e s t e d  a g a in s t  th e  MLC. I t  can  be se e n  

from  F ig u re  8  t h a t  p a ssa g e  o f  PNCM down th e  a n t i - L f  colum n 

c o m p le te ly  a b ro g a te d  th e  i n h i b i t i o n  o b serv ed  w ith  n e a t  PNCM. 

Removal o f  L f from  th e  colum n r e s u l t e d  in  r e - e x p r e s s io n  o f  th e  

in h ib i t io n . This ro u tin e ly  occurred in  th e  second 2 ml f r a c t io n  in  

accordance w ith  th e  r e s u l t s  ob tained  w ith  p u r if ie d  ^9pe s a tu ra te d  

Lf.

2. N e u tra lis a tio n  o f L a c to fe rr in  in  PNCM 

To d e te rm in e  w h e th e r a n tib o d y  to  L f co u ld  a f f e c t  th e  i n h i b i t o r y  

a c t i v i ty  o f PNCM when added in  th e  l iq u id  phase, p o ly c lo n a l a n ti-L f  

(Dako P a t t s )  and PNCM w ere in c u b a te d  to g e th e r .  The a n tib o d y  was 

f i r s t  d ia ly s e d  a g a in s t  PBS a t  4°C f o r  24 h o u rs  to  rem ove a l l  

p re se rv a tiv e  p re sen t. S e r ia l  d i lu t io n s  o f an tibody were then  added 

to  PNCM g iv in g  a  d i l u t i o n  ran g e  from  1:16 to  1:512. These w ere 

th e n  in c u b a te d  a t  37°C f o r  1 h o u r. The n e u t r a l i s e d  PNCM was n e x t 

added to  crowded MLCs as  described  above and th e  c e l l  p r o l i f e r a t io n
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d i f f e r e n t  PNCM donor fo r  each.



d e te rm in e d  a f t e r  72 h o u rs . F ig u re  9 shows t h a t  p r e t r e a tm e n t  o f 

PNCM w ith  po ly c lo n a l a n ti-L f  c o m p le te ly  a b ro g a te d  i t s  i n h i b i t o r y  

a c t i v i ty  a g a in s t th e  MLC. The minimum in h ib ito ry  co n cen tra tio n  of 

a n tib o d y  was found  to  be 1 :128, w hich  w ould c o rre sp o n d  to  a  Lf 

co n cen tra tio n  in  PNCM o f approx im ately  10”9 m.

5«3«3« The E ffe c t o f Adding P u r if ie d  Human Lf to  MLC 

The work w ith  PNCM s tro n g ly  suggested  th a t  th e  a c tiv e  f a c to r  was 

Lf. This ra is e d  the  obvious question : could p u r if ie d  Lf from human 

b r e a s t  m ilk  have th e  same e f f e c t ?  The work o f  B roxm eyer e t  a l .  

(1978) h a s  shown t h a t  f o r  L f t o  i n h i b i t  G-M-CSF p ro d u c tio n  th e  

p ro te in  must be c a rry in g  iro n . Therefore, both n a tiv e  Lf and Lf to  

w hich  f u r t h e r  i r o n  had been  added to  o b ta in  50$ s a t u r a t i o n  w ere 

used .

Since I f  i s  a  s tro n g ly  c a tio n ic  g ly co p ro te in , i t  adheres very  a v id ly  

to  g la s s  and p l a s t i c .  T h e re fo re , t o  red u ce  lo s s  o f  th e  p r o te in  

d u r in g  i t s  p r e p a r a t io n  and u s e , a l l  g la s s w a re  was p re v io u s ly  

s i l i c o n i s e d  (S ig m aco te ). A ll  th e  tu b e s  u sed  f o r  th e  s to r a g e  and 

d i l u t i o n  o f  L f w ere made o f  p o ly p ro p y le n e , to  w hich  th e  p r o t e in  

does not s t ic k .

Human b r e a s t  m ilk  L f (a p p ro x im a te ly  98$ p u re ) was o b ta in e d  from  

Sigm a and was d i l u t e d  in  0.2 M T ris /H C l b u f f e r  a t  pH 7-3- To 

e n su re  t h a t  th e  i r o n  s a t u r a t i o n  o f  th e  L f was in d eed  50$, and to  

p re v e n t  n o n - s p e c i f ic  b in d in g , i t  was im p o r ta n t  to  m in im ise  th e  

a d d itio n  o f e x tra  iro n  which i s  u b iq u ito u s ; th e re fo re , th e  b u ffe r  

was prepared  im m ediately  befo re  use w ith  f r e s h ly  d i s t i l l e d  w ater 

c o l l e c te d  in t o  a c id  w ashed g la s s .  A d d itio n  o f  i r o n  to  Lf was
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Figure 9. The e f f e c t  o f n e u tr a l is a t io n  of Lf in  PNCM w ith  a  1:128 

d i lu t io n  o f p o ly c lo n a l a n ti-L f  on i t s  in h ib ito ry  a c t i v i ty  ag a in s t

3-way crowded MLCs.

R esu lts  re p re se n t means o f s ix  sep a ra te  experim ents + / -  SEM w ith  a  

d i f f e r e n t  PNCM donor fo r  each.
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conducted accord ing  to  th e  method o f G utteridge e t  a l .  (1981). The 

L f was d i lu t e d  in  h a l f  th e  volum e o f  0.2 M T ris /H C l b u f f e r  needed 

to  g iv e  th e  r e q u ir e d  c o n c e n t r a t io n .  The b u f f e r  c o n ta in e d  10 mM 

NaHCO  ̂ s in ce  th i s  i s  req u ired  fo r  iro n  b inding. F e(M /) 2 (804 )2*6 ^ 0  

was p re p a re d  in  f r e s h l y  d i s t i l l e d  w a te r  c o l l e c t e d  in to  g la s s .  

Based on th e  c a lc u la t io n  th a t  1.4 ug Fe g ives 100$ s a tu ra t io n  o f 1 

mg L f, 49 ug o f  f e r r o u s  ammonium s u lp h a te  p e r  10 mg L f was 

r e q u ir e d  to  g iv e  50$ s a t u r a t i o n .  E qual vo lum es o f  th e  tw o 

so lu tio n s  were mixed and incubated  to g e th e r fo r  30 m inutes a t  37°C. 

At a  Lf c o n cen tra tio n  o f around 10“^ M, th e  iro n  s a tu ra t io n  could 

be seen to  occur v i r t u a l ly  in s tan tan eo u s ly  by th e  ra p id  development 

o f  th e  c h a r a c t e r i s t i c  sa lm on  p in k  c o lo u r . The p r o t e in  was th e n  

d ia ly sed  a g ian s t Tris/H C l fo r  24 hours a t  4°C. To c o n tro l fo r  lo s s  

o f  L f by i t ' s  b in d in g  to  th e  d i a l y s i s  membrane, th e  n a t iv e  L f was 

a lso  d ia ly sed . The iro n  s a tu ra te d  and iro n  poor Lf sam ples (5x1 CT̂ * 

M) were scanned sp e c tro p h o to m e tr ic a lly  between 350 and 550 nm. I t  

can  be se e n  from  f ig u r e  10 t h a t  a  peak  a t  465  nm c o rre sp o n d in g  to  

i r o n  s a t u r a t i o n  o c c u r re d  in  th e  fo rm er b u t n o t in  th e  l a t t e r  

sam p le , th u s  c o n f irm in g  s u c c e s s f u l  i ro n  s a tu ra tio n . The n a tiv e  

and 50$ i r o n  s a tu r a t e d  L f (F e-L f) w ere d i l u t e d  down to  10~^ M, in  

0.1 M T ris /H C l pH 7*3, a l i q u o t t e d  in to  p o ly p ro p y le n e  tu b e s  and 

s to re d  a t  -20°C u n t i l  req u ired .

The e f f e c t  o f  n a t iv e  and F e -L f on th e  crow ded MLC was th e n  

in v e s tig a te d . D ilu tio n s  o f Lf were made in  Tris/H Cl b u ffe r  ranging  

from 10"^ to  10" ^  j/[. These were added to  th e  crowded MLC, w ith  a  

fu r th e r  d i lu t io n  o f 1 : 10 , th u s  g iv in g  a  f i n a l  c o n cen tra tio n  range 

o f  10“ 8  t o  10“ ^  M. 0.1 M T ris /H C l b u f f e r  a t  10$ o f  th e  f i n a l
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c u ltu re  volume was used as  a  c o n tro l. Follow ing in cu b atio n  fo r  72 

h o u rs  th e  p r o l i f e r a t i o n  was d e te rm in e d  by m e asu rin g  %~UdR 

in c o rp o ra tio n .

F igure 11 shows th a t  Fe-Lf was in h ib ito ry  to  th e  MLC between 10”® 

an d  10“ ^  M, a l l  i n h i b i t i o n  b e in g  l o s t  b e lo w  10“ ^  M. 

No in h ib i t io n  by n a tiv e  Lf occurred a t  any co n cen tra tio n .

3.3»4« Measurement o f Lf in  PNCM

To in v e s t ig a t e  w h e th e r a  s i m i l a r  dose re sp o n se  cu rv e  to  t h a t  

o b ta in e d  w ith  p u r i f i e d  L f co u ld  be p roduced  w ith  PNCM, i t  was 

n e c e s s a r y  t o  know th e  c o n c e n t r a t i o n  o f  L f r e l e a s e d  fro m  

p h a g o c y to s in g  n e u t r o p h i l s .  To t h i s  e n d , an  enzym e l i n k e d  

immunosorbent assay  (ELISA) was used based on th a t  developed by Dr. 

John P o rte r (unpublished); th e  p ro to co l i s  d e ta i le d  s e c t io n  2.6.

F igure 12 shows a  ty p ic a l  s tan d ard  curve fo r  Lf ob tained  w ith  th i s  

ELISA. An in te rn a l  standard  o f  pooled human serum was inco rpo ra ted  

in to  e v e ry  a s s a y  and from  t h i s  an  i n t e r - a s s a y  v a r i a t i o n  o f  11.7% 

was determ ined. The d e te c tio n  l i m i t  can be seen  to  be 0.1 nM.

I n i t i a l l y ,  th i s  assay  was used to  fo llo w  th e  re le a s e  o f la c to f e r r in  

from  n e u t r o p h i l s  d u r in g  p h a g o c y to s is  o f  C andida. The r e s u l t s  o f  

th e se  experim ents a re  shown in  F igure 13* I t  can be seen from th i s  

f i g u r e  t h a t  m axim al r e l e a s e  o f  l a c t o f e r r i n  had o c c u rre d  by 30 

m inutes. This i s  th e re fo re  c o n s is te n t w ith  th e  work o f Maallem e t  

a l .  (1982) on th e  r e l e a s e  o f  v i ta m in  B-j 2 b in d in g  p r o t e in  by 

phagocy tosing  n e u tro p h ils .

Measurement o f Lf in  PNCM produced from s ix  in d iv id u a l donors gave
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F ig u re  13« T y p ic a l tim e  c o u rse  f o r  th e  r e l e a s e  o f  L f from  

n e u tro p h ils  phagocytosis Candida g u illie rm o n d ii.
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a  mean Lf c o n c e n t r a t io n  o f  3*27 nM w ith  a  ran g e  b e tw een  2.01 and

4-38 nM, th i s  i s  c o n s is te n t w ith  th e  co n cen tra tio n s  determ ined by 

n e u tr a l is a t io n  o f Lf in  PNCM (se c tio n  3*3*2.). These PNCM sam ples 

w ere d i l u t e d  a p p r o p r ia t e ly  in  PBS t o  g iv e  a  f i n a l  c o n c e n tr a t io n  

ran g e  o f  b e tw een  10“ ^  M and 10”  ̂  M and w ere t e s t e d  a g a in s t  th e  

MLC. The r e s u l t s  were then  compared w ith  th e  p u r if ie d  Fe~Lf dose 

response curve and a re  shown in  F igure 14* I t  can be c le a r ly  seen 

th a t  when PNCM i s  expressed  in  term s o f i t s  Lf co n cen tra tio n , th e  

dose response curve produced i s  alm ost id e n t ic a l  to  th a t  produced 

by p u r if ie d  Fe-Lf.
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Discussion

The w o rk  p r e s e n t e d  i n  t h i s  c h a p t e r  h a s  d e m o n s t r a t e d  t h a t  

phagocytosing n e u tro p h ils  r e l e a s e  a  f a c t o r  c a p a b le  o f  i n h i b i t i n g  

mononuclear c e l l  p r o l i f e r a t io n  in  response to  a  range o f s t im u li .  

However, in  no experim ent was th e  in h ib i t io n  by PNCM com plete. The 

re sp o n se  to  b o th  m ito g en s  and th e  th r e e  way MIC was u s u a l ly  

in h ib ite d  by approx im ately  30$ by PNCM. When s tim u la te d  by PHA or 

Con A, every donor's MNCs were in h ib ite d  by PNCM, and th e  e f f e c t  o f 

a  ba tch  o f PNCM was q u ite  c o n s is te n t when te s te d  a g a in s t d i f f e r e n t  

in d iv id u a ls ' MNCs s tim u la te d  by PHA. The r e s u l t s  ob ta ined  w ith  one 

way a llo g e n e ic  MLCs were considered  to  be too  v a r ia b le  to  produce 

va luab le  d a ta ; and t h i s  s tim u lu s  was th e re fo re  abandoned.

Although co n sis ten cy  o f response in  th e  th re e  way MLCs was not as 

good a s  w ith  m ito g en s  (a b o u t one in  f i v e  th r e e  way MLCs d id  n o t 

respond to  PNCM or Lf), th e  requ irem ent fo r  crowding th e  c e l l s  to  

o b ta in  an e f f e c t  w ith  PNCM was considered  to  o f fe r  an in s ig h t in to  

th e  a c t i o n  o f  th e  i n h i b i t o r .  A lso , s in c e  th e  MLC p ro v id e s  a  

p a r t ic u la te  s tim u lu s , growth f a c to r  p roduction  could be examined in  

th e  absence of so lu b le  s t im u li  such as m itogens. The th re e  way MLC 

was th e r e f o r e  u sed  to  i d e n t i f y  th e  i n h i b i t o r y  f a c t o r s  p r e s e n t  in  

PNCM.

A s e r i e s  o f  e x p e r im e n t s  in v o lv in g  a f f i n i t y  ch ro m ato g rap h y , 

n e u t r a l i s a t i o n  by a n t ib o d ie s  and th e  u se  o f  p u r i f i e d  p r o t e in  h a s  

id e n t i f ie d  th e  in h ib i to ry  fa c to r  as Lf. This f in d in g  was supported 

by th e  ob serv a tio n  th a t  p u r if ie d  50$ iro n  s a tu ra te d  I f  produced a  

p a r a l le l  dose response curve to  PNCM when th e  l a t t e r  was expressed
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in  term s o f i t s  Lf co n ten t. Work w ith  p u r if ie d  Lf dem onstrated a  

re q u ire m e n t f o r  i r o n  s a t u r a t i o n  above t h a t  o f  n a t iv e  Lf f o r  th e  

i n h i b i t i o n  t o  o c c u r .  The o b s e r v a t i o n  t h a t  p h a g o c y to s in g  

n e u tro p h ils  re le a s e  Lf which p o s s e s s e s  i n h i b i t o r y  a c t i v i t y  w ould 

th e re fo re  suggest th a t  t h i s  Lf i s  a lso  c a rry in g  iro n . Although th e  

c o n c e n t r a t i o n  o f  L f i n  PNCM w as to o  lo w  t o  o b t a i n  a  

spec tro p h o to m etric  measurement o f iro n  s a tu ra t io n , removal o f Lf 

from PNCM by a f f i n i t y  chrom atography  p ro v id e d  e v id e n c e  f o r  t h i s .  

The passage o f PNCM down th e  a f f i n i t y  column o ccas io n a lly  produced 

a  d i s t i n c t i v e  p in k  band w hich  was e lu te d  o f f  th e  colum n by 

glycine/H Cl b u ffe r . Thus, th e re  i s  c irc u m s ta n tia l  evidence th a t  Lf 

re le a se d  from phagocytosing n e u tro p h ils  i s  c a rry in g  iron .

The re le a se  o f Lf from n e u tro p h ils  has g e n e ra lly  been considered  to  

o ccu r in  th e  i r o n  poor (n a t iv e )  s t a t e .  T h is  was b ased  on th e  

f in d in g  th a t  iro n  f r e e  Lf i s  b a c te r io s ta t i c  by b ind ing  and removing 

a v a ila b le  iro n  fo r  b a c te r ia l  growth (Masson e t  a l .  1969)* F u rth er 

i n v e s t i g a t i o n s  w ere c a r r i e d  o u t by Van S n ick  e t  a l .  i n  1974, who 

dem onstrated th a t  ra b b i t  h e te ro p h ils  re le a se  Lf when phagocytosing 

Staph, a lbus. However, t h e i r  measurements o f th e  iro n  s a tu ra t io n  

o f  h e te r o p h i l  L f (8% ) w ere made on c e l l  e x t r a c t s  o b ta in e d  by 

re p e a te d  f r e e z e  th a w in g . S im i la r ly ,  B roxm eyer e t  a l .  (1978) 

s u g g e s te d  t h a t  L f was r e le a s e d  from  n e u t r o p h i l s  in  an  i r o n  f r e e  

fo rm ; how ever, h i s  w ork was a l s o  conducted  u s in g  f r e e z e  thaw ed  

e x tra c ts .  This would suggest th a t  granule a sso c ia te d  Lf co n ta in s  

l i t t l e  i r o n .  N e v e r th e le s s ,  th e  e v id en c e  p re s e n te d  h e re  w ould 

in d ic a te  th a t  when re le a se d  by phagocytosis, Lf does c a rry  iro n . 

T h is  p o se s  th e  q u e s t io n :  w hat i s  th e  so u rc e  o f  th e  i ro n ?  Two
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p o s s ib i l i t i e s  e x is t .  E ith e r  th e  n e u tro p h il m o b ilise s  iro n  from i t s  

own f e r r i t i n  s t o r e s ,  o r th e  i r o n  i s  a c q u ire d  from  k i l l i n g  and 

d ig e s tio n  o f th e  phagocytosed m icro-organism . F u rth er experim ents 

a re  r e q u ir e d  to  an sw er t h i s  q u e s t io n .  One ap p ro ach  would be to  

a llo w  n e u t r o p h i l s  to  p h ag o cy to se  59pe l a b e l l e d  m ic ro -o rg a n ism s . 

D etec tion  o f 59pe on th e  I f  re le a se d  would im p lic a te  th e  m icrobes 

as th e  source o f th e  iro n . The hypo thesis  could be te s te d  fu r th e r  

by a llo w in g  n e u tro p h ils  to  phagocytose in e r t ,  iro n  f r e e  la te x  beads 

and d e te rm in in g  th e  i n h i b i t o r y  c a p a c i ty  o f  th e  PNCM p roduced . 

D e m o n s tra tio n  o f  i n h i b i t i o n  w ould im p ly  t h a t  th e  n e u t r o p h i l  was 

p ro v id in g  iron .

The f a c t  t h a t  L f r e q u i r e s  i r o n  to  i n h i b i t  m ononuclear c e l l  

responses suggests  th a t  Lf re le a se d  p a ss iv e ly  by c e l l  death  would 

be i r o n  f r e e  and c o n se q u e n tly  i n a c t iv e .  H owever, L f r e le a s e d  by 

phagocytosis would acq u ire  iro n , and w ith  i t  in h ib i to ry  a c t iv i ty .

The m a jo r i ty  o f  work co n d u c ted  in to  th e  f u n c t io n  o f  L f has 

focussed on th e  in h ib i t io n  of g ran u lo p o ies is  in  v i t r o .  However, 

f o l lo w in g  many y e a r s  o f  r e s e a r c h ,  th e r e  s t i l l  re m a in s  l i t t l e  

ag reem en t o v er i t s  p r e c i s e  r o l e .  The f i e l d  i s  s p l i t  b e tw een  

w o rk e rs  who b e l ie v e  t h a t  l a c t o f e r r i n  h as  a  r e g u la to r y  r o le  and 

th o s e  who do n o t .  B roxm eyer e t  a l .  (1978) d e m o n s tra te d  t h a t  Lf 

p u r if ie d  from human b re a s t  m ilk  and f u l ly  s a tu ra te d  w ith  iro n  was 

capable o f in h ib i t in g  CSA production  in  v i t r o  down to  1cH ^ M. The 

degree o f iro n  s a tu ra t io n  o f Lf a ffe c te d  th e  p ro te in 's  in h ib ito ry  

cap ac ity , w ith  n a tiv e  Lf being  in h ib ito ry  down to  10“ 1^ M, and apo- 

Lf was shown to  be a c tiv e  only a t  co n cen tra tio n s  g re a te r  than  10“^ 

M. T h is  d a t a  w as v ie w e d  w i th  som e s c e p t i c i s m ,  s i n c e  th e
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c o n c e n t r a t io n  o f  L f in  PCS u sed  to  c u l tu r e  th e  c e l l s  w ould be 

h ig h e r  th a n  th e  minimum i n h i b i t o r y  c o n c e n t r a t io n  o b se rv ed  by 

Broxm eyer (B u rg ess  and M e tc a lf  1980). However, th e  work was 

repeated  by Bagby e t  a l .  (1982) who dep leted  PCS o f Lf by a f f in i t y  

chromatography. They were a lso  ab le  to  dem onstrate in h ib i t io n  o f 

CSA p ro d u c tio n  by c u l tu r e d  human m ononuclear c e l l s  w ith  85$ Pe 

s a tu ra te d  Lf a t  co n cen tra tio n s  down to  10“ '^  M.

Other w orkers have a ttem p ted  to  re p e a t th ese  experim ents b u t were 

u n a b le  to  o b ta in  any e f f e c t  w ith  Lf. L e lfo rg e  e t  a l .  (1985) u sed  

p u r if ie d  f u l l y  iro n  s a tu ra te d  Lf from human m ilk  and a  sample o f Lf 

obtained  from Dr. Broxmeyer. They determ ined th e  e f f e c t  o f th ese  

Lf sam ples on p roduction  o f CSA by normal bone marrow mononuclear 

c e l l s ,  and found no in h ib i t io n ,  e i th e r  by th e i r  own p re p a ra tio n  or 

by t h a t  o f  B roxm eyer. They re p e a te d  th e  e x p e r im e n ts  u s in g  

d i f f e r e n t  c e l l  s e p a r a t io n  p ro c e d u re s  and c u l tu r e  m ed ia , a l s o  

d e p le t in g  PCS o f  L f. In  a d d i t io n ,  th e y  u sed  10“ ^ M in d o m e th a c in  

during  in cu b atio n , which Broxmeyer and P la tz e r  (1984) had shown to  

be necessary  to  dem onstrate  in h ib i t io n  by Lf (due to  th e  in h ib ito ry  

e f f e c t  o f  L f on PGB^ p ro d u c t io n  w hich i t s e l f  i n h i b i t s  CM-CSP 

s y n th e s i s ,  and hence  m asks th e  e f f e c t  o f  L f). Even w ith  th e s e  

s t r i n g e n t  c o n d i t io n s ,  th e y  s t i l l  f a i l e d  to  d e m o n s tra te  any 

in h ib it io n . They a lso  used Broxmeyer’s PCS bu t s t i l l  ob ta ined  no 

e f f e c t .

The work p resen ted  here  on th e  in h ib i t io n  o f th e  MLC i s  in  p a r t i a l  

ag reem en t w ith  B roxm eyer and Bagby on th e  e f f e c t  o f  L f on CSA 

production . However, th e  in h ib i to ry  e f f e c t  o f Lf a g a in s t th e  th re e
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way MLC was found  to  be l o s t  a t  a  c o n c e n t r a t io n  o f  a p p ro x im a te ly  

th re e  o rd ers  o f magnitude g re a te r  than  th a t  claim ed by Broxmeyer or 

Bagby. In  ag reem en t w ith  th e  fo rm e r  b u t n o t w ith  th e  l a t t e r ,  L f 

was found to  be i n h i b i t o r y  t o  MLC a t  c o n c e n tr a t io n s  g r e a t e r  th a n  

1CT10 M. Bagby p ro v id e d  e v id en c e  t h a t  th e  lo s s  o f  a c t i v i t y  by Lf 

above 10“ ^  M was due to  calcium  dependent p o ly m erisa tio n  o f the  

p r o t e i n  and  t h a t  t h e  p o ly m e r ic  fo rm  f a i l e d  t o  i n h i b i t  

g ra n u lo p o ie s is .

A lth o u g h  th e  t h r e e  a u t h o r s  a t t e m p t e d  to  s ta n d a r d i s e  t h e i r  

co n d itio n s  in  o rder to  in v e s t ig a te  th e  phenomenon o f in h ib i t io n  o f 

CSA, th e y  each  u sed  d i f f e r e n t  c o n c e n tr a t io n s  o f  PCS in  t h e i r  

experim ents. The h ig h e s t PCS co n cen tra tio n  was used by Delforge 

(20%) w ith  Bagby employing 15% and Broxmeyer 10%. This may provide 

an e x p la n a t io n  f o r  th e  d i f f e r e n c e s  in  t h e i r  r e s u l t s .  B agby's 

o b s e r v a t io n  t h a t  L f p o ly m e ris e d  and l o s t  i n h i b i t o r y  a c t i v i t y  a t  

co n cen tra tio n s  g re a te r  than  10” ^  M could g ive some in s ig h t in to  

th e  d isc rep an c ies . I f  th e  d iffe re n c e  between Bagby’s dose response 

curve and th a t  o f Broxmeyer i s  due to  th e  a d d itio n a l 5% o f PCS used 

by th e  fo rm e r , i t  i s  p o s s ib le  t h a t  th e  ab sen ce  o f  i n h i b i t i o n  

observed by D elforge over th e  e n t i r e  co n cen tra tio n  range could be 

due to  th e  u se  o f  20% PCS. W inton e t  a l .  (1981) a l s o  u sed  an PCS 

co n cen tra tio n  o f 20%, and were unable to  dem onstrate an e f f e c t  by 

Lf; th u s , sup p o rtin g  th e  hypo thesis  th a t  Lf i s  in e f fe c t iv e  as an 

in h ib i to r  a t  high PCS co n cen tra tio n s . The in h ib i t io n  o f th e  MLC by 

Lf a t  c o n c e n t r a t io n s  g r e a t e r  th a n  10“ ^  M a c c o rd s  w ith  t h i s  

e x p la n a t io n ,  s in c e  th e  PCS c o n c e n t r a t io n  u sed  was 10% and hence 

eq u iv a len t to  th a t  used by Broxmeyer.
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I f  th e  in h ib ito ry  a c t i v i ty  o f Lf depends on th e  PCS co n cen tra tio n  

used, then  th e  c r i t ic i s m  o f Burgess and M etcalf would no t apply  to  

B roxm eyer’s  w ork w here , a c c o rd in g  to  t h i s  h y p o th e s is ,  th e  PCS 

co n cen tra tio n  should be low enough to  enable in h ib i t io n  to  occur. 

This hypo thesis  could a lso  ex p la in  how normal c e l l  fu n c tio n s  could 

con tinue in  th e  c ir c u la t io n ,  where th e  Lf co n cen tra tio n  i s  rep o rted  

to  be between 10“9 m (Bennet and Mohla 1976) and 10” ^  M (Broxmeyer 

e t  a l .  1983)* According to  th e  d a ta  p resen ted  in  t h i s  th e s i s  such 

co n cen tra tio n s  would in h ib i t  mononuclear c e l l  p ro l i f e r a t io n .  I f  

th e  in h ib ito ry  cap a c ity  o f I f  i s  l o s t  a t  high PCS co n cen tra tio n s  i t  

would su re ly  be in e f fe c t iv e  in  th e  plasm a.

Although th e  d a ta  p resen ted  here  i s  in  accordance w ith  th e  work o f 

Broxmeyer a t  h igher co n cen tra tio n s  o f I f ,  in h ib i t io n  o f th e  MLC i s  

l o s t  a t  10” ^4 M, n o t 10“ ^  M a s  d e te rm in e d  f o r  CSA p ro d u c tio n . 

Many workers in  th e  f i e l d  have found an e f fe c t iv e  co n cen tra tio n  o f 

1cH 7 M d i f f i c u l t  to  accep t, p a r t ic u la r ly  when th e  c e l l  numbers 

used by Broxmeyer a re  taken  in to  co n sid e ra tio n . A ddition o f 1cH ^ 

M I f  to  5 x 10^ monocytes (as used by Broxmeyer) r e s u l t s  in  th e re  

b e in g  one Lf m o le c u le  f o r  e v e ry  50 m onocytes. B roxm eyer's  dose 

response curve fo r  f u l l y  iro n  s a tu ra te d  Lf shows maximal in h ib i t io n  

a t  10” ^  M; t h i s  w ould  g iv e  1204 L f m o le c u le s  p e r  m onocyte. 

B irgens e t  a l .  (1983) found th e  number o f I f  b ind ing  s i t e s  on human 

m onocytes to  be 1.6 x 10^ p e r  c e l l .  A pp ly ing  t h i s  to  B roxm eyer’s 

d a ta ,  L f a t  10” ^  M w ould occupy 0.07$ o f  th e  a v a i l a b le  b in d in g  

s i t e s .  I f  B irgens’ measurements a re  c o rre c t , th e  p roduction  o f so 

many ap p aren tly  redundant re c e p to rs  by a  c e l l  can be exp lained  in  

one o f two ways: e i th e r  th e  b ind ing  s i t e s  measured by B irgens a re
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p r i n c i p a l l y  in v o lv e d  i n  some u n r e la te d  f u n c t io n ,  o r an  anom aly  

e x is t s  in  Broxmeyer’'s  data.

I f  th e  L f r e c e p to r  i s  in v o lv e d  in  a  n e g a tiv e  fe e d b ac k  m echanism  

re q u ir in g  L f, i t  would be reasonab le  to  assume th a t  th e  in c rease  in  

r e c e p to r  occupancy above 0.07% w ould r e s u l t  in  an  in c re a s e d  

re sp o n se . T h is  can  be s e e n  in  f i g u r e  11. T ak ing  a p p ro x im a te  

monocyte numbers in  th e  mononuclear c e l l  p re p a ra tio n  to  be JQf/o, th e  

a d d i t io n  o f  Lf a t  10“ ® M w ould r e s u l t  in  th e r e  b e in g  18.06 x 10^ 

m olecules per monocyte, which i s  te n fo ld  more than th e  th e o r e t ic a l  

number o f b ind ing  s i t e s  c a lc u la te d  by B irgens. I f  th e  e f f e c t  o f Lf 

i s  p r o p o r t io n a l  to  r e c e p to r  occupancy, then  th e  maximal response 

would o ccu r a t  10“ ^ M. T h is  i s  n o t i n c o n s i s t e n t  w ith  th e  d a ta  

shown in  F igure 10. The p a tte rn  o f in h ib i t io n  o f th e  MLC by Fe-Lf 

i s  th e re fo re  very  s im i la r  to  th e  e f f e c t  on CSA production  as shown 

by Broxm eyer e t  a l .  (1978). However, th e  dose re sp o n se  cu rv e  f o r  

th e  fo rm e r o c c u rs  o v er a  c o n c e n t r a t io n  ran g e  th r e e  o rd e r s  o f  

magnitude g re a te r  th an  th a t  observed by Broxmeyer. I t  i s  d i f f i c u l t  

to  f i n d  an e x p la n a t io n  f o r  t h i s  d is c re p a n c y , a l th o u g h , a c t i v e  

c o n c e n tr a t io n s  d e te rm in e d  in  t h i s  work a r e  in  c lo s e r  acco rd an ce  

w ith  rep o rted  monocyte Lf re c ep to r expression.

At no co n cen tra tio n  d id  th e  iro n  f re e  I f  in h ib i t  th e  MLC. This was 

an unexpected o b serv a tio n  fo r  a  number o f reasons. Bo a ttem p t to  

dep le te  th e  I f  com pletely  o f iro n  was made. This was because a l l  

th e  evidence in d ic a te s  th a t  Lf in  v ivo  i s  no t com pletely  iro n  f r e e , 

and th e  r e s u l t s  w h ich  show no a p o -L f a c t i v i t y  (Broxm eyer e t  a l .  

1978) co u ld  be due to  d e n a tu r a t io n  o f  th e  p r o t e in  by th e  0.1 M 

c i t r a t e  u sed  to  l i b e r a t e  bound i r o n  (A inscough e t  a l .  1980).
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However, th e  L f u sed  m ust have b een  v e ry  low  in  i r o n ,  s in c e  no 

ab so rb an c e  peak  o f  a  5 x 10“ 4 M s o lu t io n  c o u ld  be d e te c te d  a round  

465 nm (F ig u re  10). D e sp ite  t h i s ,  i f  th e  i r o n  f r e e  Lf c o n ta in e d  

only 1$ o f iro n  c a rry in g  m olecules, th e  10“® M sample would co n ta in  

1Q- 1 0  ]y[ 0f  p e -L f , a  c o n c e n t r a t io n  w hich  i s  c l e a r l y  i n h i b i t o r y  to  

th e  MLC (F ig u re  11). T h is  d i f f e r e n c e  c o u ld  be e x p la i n e d  i f  

d i f f e r e n t i a l  b in d in g  o f  i r o n  to  th e  two s i t e s  o c c u rre d  (as  

hypothesised  fo r  t r a n s f e r r in  by F le tc h e r  and Huehns ■ 1968). Thus, 

an atom o f iro n  would p r e f e r e n t ia l ly  a t ta c h  to , fo r  example, s i t e  

A, r e s u l t i n g  in  an  in c r e a s e  in  th e  a f f i n i t y  o f  s i t e  B. At low  

co n cen tra tio n s  o f a v a ila b le  iro n , th e  m onoferric sp ec ie s  would be 

fa v o u re d . I f  th e  a f f i n i t y  o f  s i t e  B became g r e a t e r  th a n  t h a t  o f 

s i t e  A, th e n  w ith  th e  in c r e a s in g  a v a i l a b i l i t y  o f  i r o n  th e  

p re v a le n c e  o f  d i f e r r i c  L f w ould in c r e a s e .  T h is  h y p o th e s is  a l s o  

r e q u i r e s  th e  d i f e r r i c  s p e c ie s  o n ly  to  be a c t i v e  a s  an  i n h i b i t o r .  

Based on th i s  assum ption, n a tiv e  Lf would be e n t i r e ly  m onoferric  

and hence la ck  a c t iv i ty .  The 50$ iro n  sa tu ra te d  Lf would, however, 

c o n ta in  d i f e r r i c  m olecules and hence be in h ib ito ry .

A number o f p u b lic a tio n s  have suggested th a t  d if fe re n c e s  e x is t  in  

th e  b in d in g  p r o p e r t i e s  o f  th e  tw o i r o n  s i t e s  o f  L f (H a rr in g to n  

e t  a l .  1 987; A nderson e t  a l .  1987)« A la r g e  body o f  e v id en c e  now 

e x i s t s  show ing  t h a t  th e  b in d in g  o f  i r o n  to  L f r e s u l t s  in  a  

s i g n i f i c a n t  c o n f o r m a t i o n a l  change , w ith  th e  s t r u c t u r e  becom ing 

m ark ed ly  more com pact (A nderson e t  a l .  1987; Q u e rin je a n  e t  a l .

1971). I t  i s  presum ably t h i s  a l t e r a t io n  in  t e r t i a r y  s tru c tu re  o f 

th e  p ro te in  which f a c i l i t a t e s  th e  a c t iv a t io n  o f Lf fo llo w in g  iro n  

b in d in g . The d eg re e  o f  i r o n  s a t u r a t i o n  a f f e c t s  i t s  i n t e r a c t i o n
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w ith  th e  re cep to r on monocytes and a lso  i t s  subsequent f a te .  Van 

Snick e t  a l .  (1977) dem onstrated  th a t  mouse p e r ito n e a l macrophages 

accum ulate tw ice  as much Fe-Lf as  apo~Lf over a  25 hour in cu b atio n  

p eriod . Broxmeyer e t  a l .  (1980) s tu d ie d  the  b ind ing  o f Lf to  human 

monocytes by im m unofluorescence techniques. They found th a t  apo-Lf 

bound to  41$ o f  th e  c e l l s ,  n a t iv e  Lf to  78$ and f u l l y  i r o n  

s a tu r a te d  Lf t o  91$. Thus, th e r e  i s  c o n s id e ra b le  d a ta  to  s u p p o r t  

th e  o b s e r v a t io n  t h a t  i r o n  i s  r e q u ir e d  to  a c t i v a t e  Lf t o  i t s  

in h ib i to r y  s ta te .

Summary

An in h i b i t o r y  f a c t o r  r e le a s e d  from  phagocytosing n e u tro p h ils  and 

e f fe c t iv e  a g a in s t mononuclear c e l l  ■ p r o l i f e r a t io n  in  response to  a  

ran g e  o f  s t i m u l i  h a s  been  d e m o n s tra te d . T h is  f a c t o r  h a s  been  

i d e n t i f i e d  a s  L f and a  re q u ire m e n t f o r  i r o n  was o b serv ed  to  

a c t i v a t e  th e  p r o t e in  to  i t s  i n h i b i t o r y  s t a t e .  The f in d in g  t h a t  

PNOM c o n ta in s  a c t i v e  Lf s u g g e s ts  t h a t  fo l lo w in g  p h a g o c y to s is ,  

n e u tro p h ils  re le a s e  Lf which c a r r ie s  iron . The work has p a r t i a l l y  

confirm ed th e  c o n tro v e rs ia l  r e s u l t s  o f Broxmeyer and o f Bagby, and 

h a s  p re s e n te d  a  p o s s ib le  e x p la n a t io n  fo r  th e  d iscrepancy  between 

th e i r  work and th a t  o f D elforge.
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CHAPTER FOUR

DETERMINATION OF THE ACTION OF PNCM AND LF ON THE MLC

Having e s ta b lish e d  th a t  Lf re le a se d  from phagocytosing n e u tro p h ils  

i n h i b i t s  th e  MLC, th e  n e x t q u e s t io n  w as: how i s  t h i s  i n h i b i t i o n  

a ch ie v e d ?  The f in d in g  t h a t  c o n s id e ra b ly  more UdR in c o r p o r a t io n  

occurred when th e  c u ltu re s  were incubated  in  round bottom ed w e lls  

(RBW) th a n  w hen i n  f l a t  (FBW), and  t h a t  o n ly  t h i s  e x t r a  

p r o l i f e r a t i o n  in  th e  RBWs was in h i b i t e d  by L f, s u g g e s te d  th e  

im portance o f c e l l  co n tac t in  t h i s  phenomenon.

4» 1 • D em onstration o f a  Growth F acto r Produced in  Response to  C ell 

Crowding

One p o ss ib le  ex p lan a tio n  fo r  th e  in c re ase  in  p r o l i f e r a t io n  in  th e  

crow ded c u l t u r e s  co u ld  be t h a t  th e  e n fo rc e d  c o n ta c t  b e tw een  th e  

c e l l s  r e s u l t e d  in  enhanced  p ro d u c tio n  o f  a  g ro w th  f a c t o r  o r 

fa c to r s .  To t e s t  t h i s  hyp o th esis , MLCs were grown in  RBWs and EBWs 

f o r  72 h o u rs . The c o n te n ts  o f  th e  w e l ls  w ere th e n  a s p i r a t e d ,  

pooled and th e  su p e rn a tan ts  h a rv ested  by c e n tr ifu g a tio n  a t  400 x g 

f o r  10 m in u te s . 100 u l  o f  crow ded c e l l  s u p e r n a ta n ts  (CC-S) w ere 

t r a n s f e r r e d  to  100 u l  o f  MLC a t  2 x 10^ml in  FBWs ( th u s  th e  f i n a l  

co n cen tra tio n  and degree o f crowding was id e n t ic a l  to  th a t  o f a l l  

p re v io u s  sp re a d  MLCs). These c u l tu r e s  w ere  th e n  in c u b a te d  f o r  a  

fu r th e r  72 hours b e fo re  t h e i r  p r o l i f e r a t io n  was assessed  by %-UdR 

in co rp o ra tio n . F igure  15 shows th a t  CC-S were ab le  to  in c rease  th e  

p r o l i f e r a t io n  o f th e  secondary spread c u ltu re s .
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Figure 15. The e f f e c t  o f t r a n s fe r r in g  su p ern a tan ts  from crowded 

MLCs (RBW Sup.) t o  th o s e  c u l tu r e d  in  sp re a d  c o n d i t io n s  and th e  

e f f e c t  o f adding 10“ ^  M Fe-Lf or PNCM to  th e  crowded c e l l s .

R esu lts  re p re se n t means + / -  SM from s ix  sep a ra te  experim ents.

The s t im u la t io n  p roduced  by RBW Sup. above th e  c o n t r o l  was 

s ig n if ic a n t ,  P<0.016. In h ib i t io n  o f th i s  by PNCM and Lf was a lso  

s ig n if ic a n t ,  P<0.038 and P<0.025 re sp e c tiv e ly .
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This suggested th a t  c u ltu re s  grown in  crowded co n d itio n s  do produce 

a  grow th fa c to r  or f a c to r s  capable o f s tim u la tin g  p r o l i f e r a t io n  in  

sp re a d  c u l t u r e s .  A lso , th e  a d d i t io n  o f  10“ ^  jvi F e -L f o r PNCM to  

th e  crow ded c u l t u r e s  u se d  to  p roduce  th e  s u p e r n a ta n ts  cau sed  a  

r e d u c t io n  in  th e  su b se q u e n t p r o l i f e r a t i o n  o f  th e  c e l l s  in  FBWs. 

This would th e re fo re  support th e  hypo thesis  th a t  Lf was in h ib i t in g  

th e  p ro d u c tio n  o f  a  g ro w th  f a c t o r / s  p roduced  in  re sp o n se  to  c e l l  

crowding.

To d e te rm in e  w h e th e r t h i s  f a c t o r / s  was g e n u in e ly  p roduced  in  

response to  enforced  c e l l  co n tac t, and was not sim ply  a  product o f 

c u l tu r e d  m ononuclear c e l l s ,  th e  e x p e r im e n ts  w ere r e p e a te d  u s in g  

s u p e r n a ta n ts  from  MLCs p ro d u ced  in  PBWs. F ig u re  16 shows t h a t  

th e se  su p ern a tan ts  had no e f f e c t  on subsequent spread c u ltu re s , and 

a lso  i l l u s t r a t e s  th a t  n e i th e r  Lf or PNCM had any in h ib ito ry  e f fe c t .

Thus, c ro w d in g  d id  a p p e a r  t o  p roduce  a  g ro w th  f a c t o r  w hich was

in h ib i t e d  by L f. However, th e  CC-S w ere d i lu t e d  by o n ly  one in

two. This th e re fo re  re s u lte d  in  th e  p o te n tia l  t r a n s f e r  o f 5 x 10“

^  M Lf t o  th e  s e c o n d a ry  s p re a d  c u l t u r e s ,  a  c o n c e n t r a t io n  w hich ,

from  F ig u re  11, can  be se e n  to  be i n h i b i t o r y  to  th e  MLC. These

experim ents d id  not th e re fo re , ru le  out th e  p o s s ib i l i ty  th a t  Lf was

i n h i b i t i n g  th e  e f f e c t  o f  th e  g ro w th  f a c t o r  r a t h e r  th a n  i t s

production . To answer t h i s  q u estion , c o n tro l CC-S was produced as
—11p rev io u s ly  described . To th e se , a  f i n a l  co n cen tra tio n  o f 5 x 10 

M Pe-Lf was added befo re  t r a n s f e r r in g  th e  su p ern a tan ts  to  secondary 

sp re a d  c u l t u r e s .  The r e s u l t s  o f  th e s e  e x p e r im e n ts  a r e  shown in  

F igure  17.
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F ig u re  16. The e f f e c t  o f  t r a n s f e r r i n g  s u p e r n a ta n ts  from  sp re ad  

MLCs (FWB Sup) to  th o s e  c u l tu r e d  in  sp re a d  c o n d i t io n s  and th e  

e f f e c t  o f adding 10""^ M Fe-Lf or PNCM to  th e  spread c e l l s  used to  

produce th e  su p ern a tan ts .

R esu lts  re p re se n t means + /-  SEM from th re e  sep a ra te  experim ents.
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Figure 17. The e f f e c t  o f adding 5 x 10-11 M Fe-Lf to  crowded c e l l  

conditioned  medium on the  enhancement o f spread c e l l  p ro l i f e r a t io n .  

Lf in  CC:- Lf added a t  i n i t i a t i o n  o f crowded c u ltu re s .

Lf in  SC:- Lf added a t  i n i t i a t i o n  o f  sp re ad  c u l tu r e s  c o n ta in in g  

crowded c e l l  cond itioned  medium.

R esu lts  re p re se n t means + /-  SHi from f iv e  sep a ra te  experim ents.

1 1 9



A ddition o f Lf to  CC-S a f t e r  th e  fa c to r  had been produced re s u lte d  

in  an  in te r m e d ia te  l e v e l  o f  s t im u la t io n  o f  th e  se c o n d a ry  sp re a d  

c u ltu re s ;  between th a t  occuring  when no Lf was p re sen t and when Lf 

was added a t  th e  i n i t i a t i o n  o f  th e  c u l tu r e s  u sed  to  p roduce  

s u p e rn a ta n ts .

Since th e se  r e s u l t s  f a i le d  to  in d ic a te  whether Lf was in h ib i t in g  

th e  p roduction  or e f f e c t  o f th e  grow th fa c to r ,  fu r th e r  experim ents 

were conducted in  which th e  Lf c a r r ie d  over to  spread  c u ltu re s  in  

c ro w d ed  c u l t u r e  s u p e r n a t a n t s  w as rem o v ed  by  a f f i n i t y  

chromatography. Crowded c e l l  su p ern a tan ts  were produced from MLCs 

to  which 10“ 10 M Fe-Lf was added a t  th e  i n i t i a t i o n  o f  th e  c u ltu re s . 

These were then  passed over th e  a f f i n i t y  g e l which had p rev io u s ly  

been  e x te n s iv e ly  w ashed by p a ssa g e  o f 50 ml o f  RPMI down th e  

column. The su p e rn a tan ts  were s t e r i l i s e d  through a  0.2 urn f i l t e r  

b e f o r e  b e in g  a d d e d  t o  s p r e a d  MLCs. The e f f e c t  o f  t h e s e  

s u p e r n a ta n ts  on sec o n d a ry  sp re a d  c u l tu r e s  was th e n  d e te rm in e d . 

F ig u re  18 show s t h a t  s i m i l a r  r e s u l t s  w ere o b ta in e d  in  th e  

experim ents to  th o se  i l l u s t r a t e d  in  F igure 17. Thus, i t  appeared 

t h a t  Lf i n h i b i t s  b o th  th e  p ro d u c tio n  and e f f e c t  o f  th e  g ro w th  

f a c to r .

4*2. C h a ra c te r is a tio n  o f th e  Growth Factor

P re lim in ary  a ttem p ts  to  id e n t i fy  th e  growth f a c to r  focussed  on th e  

tim e course o f i t s  p roduction . Crowded MLCs were incubated  in  th e  

presence and absence o f  10“ ^  M Fe-Lf. S upernatants were harvested

a t  24 hour i n t e r v a l s  o v e r a  72 hour p e r io d . In  a d d i t io n ,  th e
f

p r o l i f e r a t i o n  in  r e p l i c a t e  c u l tu r e s  was a s s e s s e d  a t  th e  t im e  o f  

h a rv estin g . These su p ern a tan ts  were s to re d  a t  -70°C befo re  being
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F ig u re  18. The e f f e c t  o f  d e p le t in g  Lf from  crow ded c e l l  

conditioned  medium which was produced in  the  presence o f 10“ ^  M 

Fe-Lf on the  enhancement o f spread c e l l  p ro l i f e r a t io n .

R esults represen t means + /-  SEM from three  separate  experiments.
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t e s t e d  a g a in s t  sec o n d a ry  sp re ad  c u ltu re s . Previous in v e s t ig a tio n s  

had shown t h a t  f r e e z i n g  once d id  n o t a f f e c t  th e  a c t i v i t y  o f  th e  

growth fa c to r . F igure 19 shows th e  degree o f p r o l i f e r a t io n  in  th e  

crow ded c u l tu r e s  in  th e  u p p e r p a n e l ,  and th e  am ount o f  g row th  

f a c t o r  p r e s e n t  i s  shown in  th e  lo w e r p a n e l. I t  can  he see n  t h a t  

th e  p roduction  o f grow th f a c to r  precedes th e  p r o l i f e r a t io n  in  the  

crowded c u ltu re s  w ith  maximal le v e ls  being achieved by 72 hours. 

In  a d d i t io n ,  th e  i n h i b i t i o n  o f  g ro w th  f a c t o r  by L f p re c e d e s  th e  

in h ib i t io n  observed in  th e  crowded c u ltu re s .

The MLC i s  considered  to  be a  T c e l l  m ediated phenomenon d riv en  by 

IL -2  ( I lo n e n  and K a r ttu n e n  1984)* The tim e  c o u rs e  f o r  th e  

p roduction  o f the  grow th f a c to r  was c o n s is te n t w ith  th a t  o f IL-2. 

T h e r e f o r e ,  tw o  a p p r o a c h e s  w e re  a d o p ted  to  i n v e s t i g a t e  th e  

p o s s ib i l i ty  th a t  Lf was fu n c tio n in g  by in h ib i t in g  IL-2 production  

from T c e l l s .

To d e te rm in e  w h e th e r L f was a f f e c t i n g  T c e l l s ,  th e  m ononuclear 

c e l l s  used fo r  th e  MLC were e i th e r  dep leted  or enriched  fo r  T c e l l s  

by r o s e t t i n g  w ith  sh eep  re d  b lo o d  c e l l s  ( E - r o s e t t in g ) .  The MNCs 

w ere o b ta in e d  from  50 ml o f  p e r ip h e r a l  b lo o d , d o n a ted  by th r e e  

s e p a r a te  in d iv id u a l s ,  by c e n t r i f u g a t io n  o v e r LSM. F o llo w in g  

w ash in g  th e  c e l l s  tw ic e  in  RPMI th e y  w ere co u n ted  and th e  

c o n c e n tr a t io n  a d ju s te d  to  10^ m l“̂  i n  RPMI c o n ta in in g  20$ FCS. 

C oncurrently , sheep red  blood c e l l s  (SRBC) were washed th re e  tim es 

in  RPMI. A f te r  th e  t h i r d  w ash, th e  medium was rem oved and th e  

p e l l e t  re su sp e n d ed  in  10 t im e s  i t s  volum e in  RPMI c o n ta in in g  20$ 

FCS. 0.5 ml o f th e  10$ SRBC suspension were added to  2 ml o f MFCs. 

The c e l l s  w ere th e n  c e n t r i f u g e d  a t  200 x g f o r  10 m in u te s . The
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Figure 19» The p r o l i f e r a t io n  o f crowded MLCs over a  72 hour period  

and th e  e f f e c t  o f  F e -L f on t h i s  (upper d iag ram ). The lo w er p a n e l 

shows th e  p roduction  o f growth fa c to r  in  th ese  c u ltu re s  as assessed  

by th e  e f f e c t  o f  th e  crow ded c u l tu r e  s u p e r n a ta n ts  on sp re a d  c e l l  

p r o l i f e r a t io n .

R esults rep resen t means + / -  SEM from s ix  separate experiments.
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p e l le t  was then  m ain tained  a t  4°C fo r  2 hours. The ro s e tte d  c e l l s  

were sep a ra ted  from th e  n o n -ro se ttin g  c e l l s  hy c e n tr ifu g a tio n  over 

LSM a t  400 x g f o r  20 m in u te s . The r o s e t t e s  (T e n r ic h e d , T+ ) 

passed through th e  c e n tr ifu g a tio n  medium and formed a  p e l l e t  a t  th e  

b a se  o f  th e  tu b e ; th e  n o n - r o s e t t in g  c e l l s  (T d e p le te d ,  T” ) w ere 

m ain tained  above th e  LSM. The two popu la tions were a sp ira te d  and 

washed tw ice  in  RPMI. The T d ep le ted  c e l l s  were m ain tained  a t  4°C 

u n t i l  r e q u i r e d ,  w h ile  th e  SRBCs w ere ly s e d  from  th e  r o s e t t e  

p o s i t i v e  c e l l s .  T h is  was a c h ie v e d  by re su sp e n d in g  th e  p e l l e t  in

0.8$ w/v ammonium ch lo rid e  and a llo w in g  th e  suspension  to  s tan d  a t  

room tem peratu re  fo r  10 m inutes. The c e l l s  were washed tw ice  more 

in  RPMI befo re  bo th  th e  T d ep le ted  and T enriched  pop u la tio n s  were 

co u n ted . T h is  p ro c e d u re  r o u t i n e l y  r e s u l t e d  i n  g r e a t e r  th a n  98^ 

v i a b l i t y  f o r  b o th  T+ and T“  p o p u la t io n s  a s  d e te rm in e d  by Trypan 

b lu e  e x c lu s io n . The T+ and T” p o p u la t io n s  from  each  donor w ere 

th en  ad ju sted  to  1.1x10^ ml“  ̂ in  cRPMI. MLCs o f th e  T+ c e l l s  only 

and th e  T“ c e l l s  on ly  were then  prepared by m ixing equal volumes o f 

the  c e l l  suspensions from each o f th e  th re e  donors. 180 u l  o f  th i s  

MLC su sp e n s io n  was th e n  added to  th e  w e l ls  o f  RBW p l a t e s .  20 u l  

o f Fe-Lf, g iv in g  a  f i n a l  co n cen tra tio n  o f 10“ ^  M, was then  added 

to  th e  t e s t  w e l l s  in  t r i p l i c a t e ,  w ith  20u l o f  T ris /H C l b u f f e r  

a c t i n g  a s  c o n t r o l ,  a l s o  i n  t r i p l i c a t e .  The T+ and T~ MLCs w ere 

incubated under s tan d ard  co n d itio n s  fo r  72 hours, a f t e r  which ^H-  

UdR in c o rp o ra tio n  was determ ined.

F ig u re  20 shows th e  r e s u l t s  o f  th e s e  e x p e r im e n ts . I t  can  be see n  

th a t  co n sid erab ly  more p r o l i f e r a t io n  occurred in  th e  Trl~ than  in  the  

T~ c u l tu r e s .  In  a d d i t io n ,  L f was a b le  to  i n h i b i t  th e  T+ MLCs b u t
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Figure 20. The e f f e c t  o f Fe-Lf on 3-way MLCs derived  from T -c e ll 

dep leted  (T“ ) and T -c e ll  enriched  (T+) mononuclear c e l l s  in  crowded 

c o n d itio n s .

R esults rep resen t means + /-  SEM from three separate  experiments.
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had no e f f e c t  on th e  T“  c u ltu re s . Thus i t  appeared th a t  th e  th re e -  

way MIC was indeed a  T c e l l  phenomenon, and th a t  i t  was th e  T c e l l s  

which were in h ib ite d  by Lf.

I t  i s ,  how ever, v e ry  u n l ik e ly  t h a t  h ig h ly  p u r i f i e d  T c e l l s  would 

p r o l i f e r a t e  in  th e  a b sen ce  o f  m onocy tes, w hich  a r e  r e q u ir e d  f o r  

a n t ig e n  p r e s e n ta t io n  and to  p roduce  IL -1 . The p re se n c e  o f 

c o n ta m in a tin g  m onocytes was t h e r e f o r e  i n v e s t i g a t e d  in  th e  T+ 

p o p u la t io n  by n o n s p e c if ic  e s t e r a s e  s ta in in g  (k ind ly  perform ed by 

Ms.D. B ra d b u ry , H a e m a to lo g y  D e p t. ,  C i ty  H o s p i t a l . ) .  T h ese  

in v e s t i g a t i o n s  re v e a le d  th e  p re se n c e  o f  m onocytes in  th e  T+ 

pop u la tio n  a t  5*5^ o f th e  t o t a l  T c e l l  numbers.

This d a ta  th e re fo re  su g gests  th a t  growth fa c to r  produced in  crowded 

c u l tu r e s  and e f f e c t i v e  a g a in s t  sp re a d  MLCs co u ld  be IL -2 . The 

amount of IL-2 in  crowded MLC su p ern a tan t was th e re fo re  determ ined 

u s in g  th e  m ethod o f  G - il l is  e t  a l .  (1978). See s e c t io n  2.7 f o r  

p ro to c o l.

F igure 21 shows a  ty p ic a l  s tan d ard  curve fo r  IL-2. The in te r -a s s a y  

v a r ia t io n  fo r  t h i s  method was found to  be 13*8$ w ith  a  s e n s i t iv i ty  

down to  0.1 U m l-<*.

4 .3 . The E ffe c ts  o f Lf on IL-2 Production in  Crowded MLCs

The IL -2  a s s a y  was u sed  t o  m easure  IL -2  p ro d u c tio n  in  th e  MLC 

s u p e r n a ta n ts .  I n i t i a l  e x p e r im e n ts  in v e s t ig a te d  th e  tim e  o f 

p ro d u c tio n  o f  IL -2  in  MLCs. The c u l tu r e s  w ere grown crow ded in  

RBWs and s u p e r n a ta n ts  h a rv e s te d  a t  24, 48 and 72 h o u rs  by

r e s u s p e n d in g  t h e  p e l l e t  i n  r e p l i c a t e  w e l l s  f o l l o w e d  by
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Figure 21. Typical s tan d ard  curve fo r  the  p r o l i f e r a t io n  o f CTLL-2 

in  response to  11-2.
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c e n t r i f u g a t i o n  a t  400 x g f o r  10 m in u te s . The MLC s u p e r n a ta n ts  

w ere th e n  f r o z e n  a t  -70°C  u n t i l  r e q u ir e d .  F ig u re  22 shows th e  

r e s u l t s  o f  th e s e  e x p e r im e n ts . I t  can  he see n  t h a t  u n d e r th e s e  

co n d itio n s  maximal IL-2 p roduction  occurred a t  72 hours, which i s  

c o n s is te n t w ith  th e  d a ta  p resen ted  in  Figure 19» IL-2 le v e ls  were 

th e r e f o r e  m easured  in  72 hour s u p e r n a ta n ts ,  w hich  had been  

prepared  w h ils t  in v e s t ig a tin g  th e  dose responses o f Lf on th e  MLC. 

F igure 23 shows th a t  Lf induced in h ib it io n  o f p ro l i f e r a t io n  in  th e  

MLCs and a lso  suppressed IL-2 p roduction  in  th e se  c u ltu re s . I t  can 

be see n  t h a t  th e  dose r e l a t e d  i n h i b i t i o n  o f  th e s e  tw o p a ra m e te rs  

was v i r t u a l ly  id e n tic a l .

To p ro v id e  f u r t h e r  e v id en c e  t h a t  IL -2  was th e  g ro w th  f a c t o r  

produced by crowded c u ltu re s  and e f fe c t iv e  a g a in s t spread c u ltu re s , 

th e  e f f e c t  o f p u r if ie d  human IL-2 on th e  l a t t e r  was in v e s tig a te d . 

MLCs w ere  p re p a re d  in  FBWs a s  p re v io u s ly  d e s c r ib e d . S e r i a l  

d i l u t i o n s  o f  p u r i f i e d  human IL -2  w ere th e n  added to  t r i p l i c a t e  

w e l l s .  10” ^  M F e -L f was a l s o  added to  a  second  s e r i e s  o f  

t r i p l i c a t e  w e lls . The p la te s  were incubated fo r  72 hours and th e  

p r o l i f e r a t i o n  o f  t h e  MLC d e te r m in e d  by  m e a s u r in g  

in co rp o ra tio n . The r e s u l t s  o f th e se  experim ents a re  i l l u s t r a t e d  in  

Figure 24« In c reas in g  c o n cen tra tio n s  o f IL-2 s tim u la te d  th e  growth 

of c u ltu re s  in  a  dose dependent manner, w ith  maximum p r o l i f e r a t io n  

o c c u r in g  a t  10 U m l” ^. T h is  c o n c e n tr a t io n  p ro duced  a  f i v e  f o ld  

in c rease  above c o n tro ls  co n ta in in g  no IL-2. I t  i s  notew orthy th a t  

Lf d id  not in h ib i t  th e  e f f e c t  o f I L - 2  on th e  spread MLCs.
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Figure 22. The p roduction  o f 11-2 by crowded MLCs over a  72 hour 

period  and the  e f f e c t  o f Fe-Lf on th i s .

R esults rep resen t means + /-  SEM from four separate experiments.
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F ig u re  23« C om parison b e tw een  th e  dose dependent in h ib i t io n  of 

crow ded MLCs and o f  11-2  p ro d u c tio n  in  th e s e  c u l t u r e s  by F e-L f. 

The arrow s In d ic a te  c o n tro l cpm and 11-2 p roduction  in  th e  absence 

o f  L f.

R esults rep resen t means + /-  SEM from s ix  separate experiments.
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F ig u re  24. The e f f e c t  o f  ad d in g  p u r i f i e d  11-2 and 10“ 10 F e-L f to  

spread MLCs.

R esu lts  re p re se n t means + /-  SFM from th ree  sep a ra te  experim ents.
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4» 4« 1» The E ffec t of Lf on IL-1 Production in  MLCs

P ro d u c tio n  o f  tL -2  by T c e l l s  i s  known to  be d ep en d en t on th e  

p re se n c e  o f  IL-1 from  m onocytes (Durum e t  a l .  1984)* T h e re fo re , 

th e  e f f e c t  o f  L f on IL -2  co u ld  be sec o n d a ry  t o  i t s  a f f e c t  on 

monocyte fu n c tio n s  le ad in g  to  p roduction  o f IL-1. Indeed, work by 

Bagby e t  a l .  (1981) h a s  in d ic a te d  t h a t  th e  e f f e c t  o f  L f on GM-CSF 

production  i s  secondary to  i t s  e f f e c t  on a monokine. The amount o f 

IL-1 in  MLC su p ern a tan ts  produced in  th e  presence and absence o f Lf 

was th e re fo re  determ ined. This was te c h n ic a lly  d i f f i c u l t ,  however, 

s in c e  m ost a s s a y s  f o r  IL-1 a r e  a l s o  s e n s i t i v e  to  IL -2  w hich  was 

shown t o  be p r e s e n t  in  MLC s u p e r n a ta n ts .  The m ethod o f  G earin g  

e t  a l .  (1987) provided a  s o lu tio n  to  th e  problem. B y  u s in g  a  sub

c lo n e  o f  th e  c e l l  l i n e  EL-4 c a l l e d  EL-4*N0B-1, i t  i s  p o s s ib le  to  

measure IL-1 in  su p e rn a tan ts  co n ta in in g  IL-2. This i s  achieved by 

p re in cu b atin g  th e  sample w ith  EL4.N0B-1 fo r  two hours, during  which 

tim e th e  IL-1 b inds to  i t s  re c ep to r on the  c e l l .  C e lls  can then  be 

washed in  s i t u  in  th e  m i c r o t i t r e  p l a t e  b e fo re  in c u b a t io n ,  th u s  

rem ov ing  any IL -2  t h a t  may be p r e s e n t  in  th e  sam p le . D uring  th e  

incubation  p eriod , th e  EL4.E0B-1 responds to  IL-1 by producing IL - 

2, which can be measured u s in g  CTLL-2 as p rev io u sly  described .

F ig u re  25 shows a  t y p i c a l  s ta n d a rd  cu rv e  f o r  th e  IL-1 a s sa y . The 

s e n s i t i v i t y  o f  th e  a s s a y  was found  to  be 0.1 pg ml"^ IL-1 b e ta .  

A d d itio n  o f  F e -L f a t  a  f i n a l  c o n c e n tr a t io n  o f  10“ ^  M to  th e  

s tan d ard s  had no e f f e c t  on th e  r e s u l ta n t  s tandard  curve. However, 

no IL-1 a c t iv i ty  could be d e tec ted  in  any o f th e  MLC su p ern a tan ts  

h arvested  a t  24, 48 and 72 hours.
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Figure 25. E p i c a l  s tandard  curve fo r  11-1 as measured u sing  EL- 

4.N0B-1 and CTLL-2.
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4*4*2. The E ffect of I f  on Production of IL-1 in  Response to  LPS

S t im u la t io n  o f  m ononuclear c e l l s  by LPS i s  w id e ly  u sed  to  in d u ce  

IL-1 s e c r e t i o n  (G earin g  e t  a l .  1985)* Optimal co n d itio n s  re q u ire  

adhesion o f th e  monocytes to  p la s t i c  fo llow ed by s tim u la tio n  w ith  

approxim ately  10 ug m l"1 LPS fo r  18 hours. These co n d itio n s  were 

employed to  in v e s t ig a te  th e  e f f e c t  o f Lf on IL-1 se c re tio n .

P e r ip h e r a l  b lo o d  m ononuclear c e l l s  w ere i s o l a t e d  a s  p re v io u s ly

described  and suspended in  cRPMI co n ta in in g  10” ^ M indom ethacin a t

1.25 x 10^ ml~^. 800 u l  o f th e  suspension were t r a n s fe r re d  to  th e

w e l l s  o f  12 w e l l  t i s s u e  c u l tu r e  c l u s t e r s .  100 u l  o f  a  10“ 9 m

s o lu t io n  o f  F e -L f w ere th e n  added to  h a l f  o f  th e  w e l l s ,  th e

rem aining h a l f  re c e iv in g  100 u l  Tris/HCl b u ffe r  as  a  c o n tro l. To

a l l  th e  w e l l s  100 u l  o f  100 ug m l“ 1 LPS (E. c o l i  s t r a i n  055:B4)
<1

w ere added. Thus, th e  f i n a l  c o n d i t io n s  w ere 10 ug ml*"' LPS 

s tim u la tin g  mononuclear c e l l s  a t  10^ ml”  ̂ + / -  1 0 " ^  M Fe-Lf. The 

c e l l s  were incubated  under s tandard  co n d itio n s  fo r  18 hours, a f t e r  

which the  su p ern a tan ts  were ha rv ested  a s e p t ic a l ly  by c e n tr ifu g a tio n  

a t  400 x g f o r  10 m in u te s . These w ere t r a n s f e r r e d  to  1 ml 

cryotubes and s to re d  a t  -70°C u n t i l  requ ired .

The s u p e r n a ta n ts  w ere th e n  a ssa y e d  f o r  IL-1 a c t i v i t y  u s in g  EL- 

4.W0B-1 as  described  above. F igure  26 shows th a t  IL-1 was sec re te d  

under th ese  co n d itio n s  and th a t  i t s  p roduction  was in h ib ite d  by 

10“ 10 M F e -If .
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F ig u re  26. The e f f e c t  o f  10 10 M F e-L f on 11-1 s e c r e t i o n  from  

s in g le  donor mononuclear c e l l s  s tim u la te d  by 10 ug ml-1 LPS.

R esu lts  re p re se n t means + / -  SEM from th re e  sep a ra te  M C  donors.
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Discussion

The requ irem ent fo r  c lo se  c e l l  c o n tac t between th e  c e l l s  o f th e  MLC 

to  dem onstrate  in h ib i t io n  by Lf has been c le a r ly  e s ta b lish e d . The 

work d iscussed  in  t h i s  chap ter aimed to  in v e s t ig a te  th e  mechanisms 

involved in  t h i s  phenomenon. T ransfer o f su p ern a tan ts  produced by 

crow ded MLCs to  th o s e  in  sp re a d  c o n d i t io n s  h as  re v e a le d  t h a t  a  

grow th f a c to r  was produced by th e  form er and was e f fe c t iv e  ag a in s t 

th e  l a t t e r .  In  o th e r experim ents, whereby su p ern a tan ts  produced in  

FBWs were tra n s fe r re d  to  f r e s h  MLCs a lso  in  spread  co n d itio n s , no 

g ro w th  f a c t o r  c o u ld  be d e te c te d .  Thus, i t  ap p ea re d  t h a t  th e  

a d d i t i o n a l  p r o l i f e r a t i o n  o f  crow ded MLCs was in d eed  due to  

p ro d u c tio n  o f  a  g ro w th  f a c t o r  in  re sp o n se  to  c lo s e  c e l l  c o n ta c t .  

The a d d i t io n  o f  L f t o  crow ded c u l tu r e s  u sed  to  p roduce  th e  

s u p e r n a ta n ts  d e m o n s tra te d  t h a t  th e  i n h i b i t o r y  a c t i v i t y  o f  th e  

p ro te in  occurred v ia  in h ib i t io n  o f t h i s  growth fa c to r .

The obvious q u estio n  a r is in g  from th e se  d a ta  i s :  what in te ra c t io n s  

a re  occuring  in  th e  crowded c u ltu re s  which lead  to  th e  production  

o f  t h i s  f a c t o r ,  and how i s  t h i s  p ro c e s s  m o d u la ted  by Lf? The 

enhanced s tim u la tio n  in  response to  crowding must i n i t i a l l y  r e s u l t  

from  e n fo rc e d  c o n ta c t  b e tw een  th e  c e l l s .  T h is  does n o t occu r in  

th e  f l a t  b o tto m ed  w e l l s  due t o  th e  n e g a tiv e  ch arg e  on th e  c e l l s ,  

causing  them to  re p e l each o th er.

The d a ta  i l l u s t r a t e d  in  F igure  20 c le a r ly  im p lica ted  th e  T c e l l s  as 

being  p r in c ip a lly  involved in  t h i s  phenomenon. This i s  c o n s is te n t 

w ith  a  la rg e  body o f d a ta  dem onstrating  the  c e n tr a l  ro le  o f T c e l l s  

to  a llo a n tig e n s  in  MLCs. However, i t  i s  now w idely  accepted th a t  T 

c e l l  p r o l i f e r a t io n  does not occur in  th e  absence o f accesso ry  c e l l s
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such as monocytes or B c e l l s  (Durum e t  a l .  1984)- The in te ra c t io n  

w ith  monocytes invo lves th re e  s i g n a l s :  p r e s e n ta t io n  o f  p ro c e sse d  

a n t ig e n ,  a u to lo g o u s  MHC m o le c u le s  and th e  p ro d u c t io n  o f  IL -1 . 

Thus, mononuclear c e l l  responses to  an tig e n ic  s t im u la tio n  a re  MHC 

r e s t r i c t e d .  However, Durum showed t h a t  t h i s  re q u ire m e n t f o r  MHC 

c o m p a tib il i ty  could be overcome by p re in cu b atin g  th e  T c e l l s  in  an 

a llo g e n e ic  MLC.

The d i r e c t  i n t e r a c t i o n  b e tw een  th e  T c e l l  r e c e p to r  and MHC 

m olecules on monocytes suggests  th e  im portance o f c e l l  co n tac t in  

m ononuclear c e l l  re s p o n s e s . There a re  a  number o f  r e p o r t s  w hich 

i l l u s t r a t e  th is .  Weaver and Unanue (1986) dem onstrated th a t  murine 

T -h e lp e r  c e l l  c lo n e s  w ere a b le  to  in d u ce  e x p re s s io n  o f  membrane 

bound IL-1 on e i t h e r  l a  r e s t r i c t e d ,  a n t ig e n  s p e c i f i c  mouse 

p e r i t o n e a l  m acrophages, o r on a l lo g e n e ic  m acrophages. T h is  

occurred in  two ways, e i th e r  by d i r e c t  c e l l  co n tac t or by re le a se  

from  th e  T c e l l  o f  a  n o v e l lym phok ine . A s i m i l a r  r o l e  f o r  th e  

accesso ry  c e l l  fu n c tio n  o f B c e l l s  has been dem onstrated by Arnold 

e t  a l .  (1985). They showed t h a t  a  B c e l l  l i n e  p ro v id e d  an IL-1 

l ik e  s ig n a l to  T c e l l s  v ia  d i r e c t  c e l l  co n tac t, which induced IL-2 

p ro d u c tio n  in  th e  re sp o n d in g  m ito g en  t r e a t e d  T c e l l s .  They a ls o  

found a  s im ila r  fu n c tio n  o f the  B c e l l  l in e  in  s t im u la tin g  MLCs.

I t  th e re fo re  appears th a t  c e l l  co n tac t i s  an im portan t requirem ent 

f o r  some lym phocy te  f u n c t io n s .  T h is  s u g g e s t io n  was r e c e n t ly  

supported by Poo e t  a l .  (1988), who dem onstrated re c ep to r d ire c te d  

lymphokine re le a s e  by a  h e lp er T c e l l  l in e .  This p o la r ise d  re le a se  

o f  IL -4 , th e y  s u g g e s te d , was due to  l o c a l i s e d  r e c e p to r  c ro s s
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l in k a g e  and f u n c t io n s  "by f o c u s s in g  th e  lym phok ine  on to  th e  

a c t iv a t in g  accesso ry  c e l l ,  in  t h i s  case a  B c e l l .

In  th e  l ig h t  o f th e se  re p o r ts , th e  s ig n if ic a n c e  o f crowding th e  MLC 

to  o b ta in  enhanced  re s p o n s e s  becom es a p p a re n t. By b r in g in g  th e  

c e l l s  to g e th e r, the  number o f in te ra c t io n s  between HLA-DR m olecules 

on th e  re sp o n d in g  c e l l s  i s  in c re a s e d ;  t h i s  in  t u r n  in c r e a s e s  th e  

s t r e n g th  o f  th e  s t im u lu s  and hence th e  re sp o n se . T hat L f i s  

in h ib ito ry  only to  th e  crowded MLCs becomes o f p a r t ic u la r  in t e r e s t  

in  t h i s  c o n te x t ,  when th e  w ork o f  B roxm eyer and P l a t z e r  (1984) i s  

taken  in to  c o n sid e ra tio n . In  t h i s  re p o r t (which in v e s tig a te d  th e  

e f f e c t  o f  L f on G-M-CSF p r o d u c t i o n  f ro m  m ouse p e r i t o n e a l  

m acrophages) B roxm eyer d e m o n s tra te d  t h a t  L f i n h i b i t s  GrM-CSF 

production  from a  pop u la tio n  o f  Ia + c e l l s ;  no e f f e c t  was observed 

a g a in s t Ia~macrophages. Thus, i t  can be suggested  th a t  the  c e l l s  

i n i t i a t i n g  p ro l i f e r a t io n  in  th e  crowded MLCs w i l l  be HLA-DR+, and 

accord ing  to  Broxmeyer w i l l  respond to  L f . ' Broxmeyer showed th a t  

t h e  i n h i b i t o r y  e f f e c t  o f  L f w as l o s t  a t  h ig h  m a c ro p h ag e  

c o n c e n t r a t io n s ,  due t o  a  c o n c e n t r a t io n  d ep en d en t p ro d u c tio n  o f  

PCE2 . T h is  s i t u a t i o n  w ould n o t ,  how ever, a p p ly  to  th e  crow ded 

c u ltu re s  s in ce  10“ ° M indom ethacin was used throughout, which was 

shown by Broxmeyer to  abrogate  th e  c e l l  co n cen tra tio n  e f fe c t .

A ll th e  evidence in d ic a te s  th a t  th e  in c rease  in  s tim u lu s  s tre n g th  

by c ro w d in g  c e l l s  r e s u l t e d  in  In c re a se d  p roduction  o f a  growth 

f a c t o r .  A num ber o f  o b s e r v a t io n s  have im p l ic a te d  IL -2 -a s  t h i s  

growth fa c to r
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1. The tim e course fo r  p roduction  o f IL-2 "by crowded MLC (Figure 

22) i s  very  s im ila r  to  th a t  fo r  th e  p roduction  o f th e  growth 

f a c t o r  d e te c te d  in  th e  sp re a d  o f  MLC (F ig u re  19). In  

ad d itio n , "both were in h ib i te d  by I f .

2. Dose response curves fo r  Lf induced in h ib i t io n  o f th e  MLC and 

f o r  IL -2  p ro d u c tio n  by th e s e  c u l tu r e s  w ere su p e r im p o sa b le  

(F ig u re  23)*

3. S p re a d  MLCs p r o l i f e r a t e d  i n  r e s p o n s e  t o  c ro w d ed  MLC 

su p ern a tan ts  (F igure 15) and to  p u r if ie d  human IL-2 (Figure 

24).

Thus, i t  can  be co n c lu d ed  t h a t  L f i n h i b i t s  IL -2  p ro d u c tio n  in  th e  

MI£. This conclusion  p rov ides fu r th e r  c irc u m s ta n tia l  evidence th a t  

I f  i s  in  some way involved w ith  HIA-DR m olecules i f  th e  th e  work o f 

I lo n e n  and K a rttu n e n  (1984) i s  ta k e n  in to  c o n s id e r a t io n .  They 

d e m o n s t r a t e d  t h a t  t h e  d e g r e e  o f  p r o l i f e r a t i o n  and o f  IL -2  

production  in  human two-way MLCs c o rre la te d  w ith  th e  degree o f HLA- 

D locus id e n t i ty  between th e  two in d iv id u a ls . Thus, th e  a d d itio n  

o f  L f t o  MLCs may be c o n s id e re d  to  mask HLA-DR a n t ig e n s  on th e  

accessory  c e l l s  and hence reduce th e  p ro l i f e r a t iv e  response.

The dem onstration  th a t  spread MLCs responded to  exogenous IL-2 by 

p ro l i f e r a t in g  in d ic a ted  th a t  th e  c e l l s  were no t e n t i r e ly  qu iescen t. 

R esting  T c e l l s  possess  few, i f  any, IL-2 re c e p to rs , bu t fo llo w in g  

s t i m u l a t i o n  th e y  a c q u i r e  t h e  Tac a n t ig e n ,  and w ith  i t  IL -2  

re s p o n s iv e n e s s  (Robb e t  a l .  1 984). The f a c t  t h a t  th e  sp re a d  MLCs 

resp o n d ed  to  exogenous IL -2  co u ld  be e x p la in e d  by a  r e p o r t  from  

L akhanpal and R andw erger (1986). They found  t h a t  n o rm al a d u l t
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p e r ip h e r a l  b lo o d  m ononuclear c e l l s ,  n eg a tiv e  fo r  IL-2 re c ep to rs , 

acq u ire  th e  re c ep to r and become responsive to  th e  lymphokine a f t e r  

in c u b a t io n  in  medium c o n ta in in g  PCS. Thus th e  T c e l l s  in  sp re a d  

MLCs w ould re so n d  to  exogenous IL -2  due to  PCS in d u ced  IL -2  

recep to r ex p ress io n .

A c o n s i s t e n t  p rob lem  e n c o u te re d  w h ils t  a ttem p tin g  to  in v e s t ig a te  

th e  i n h i b i t o r y  a c t i v i t y  o f  L f was w h e th er th e  p ro d u c tio n  o r th e  

e f f e c t  o f th e  growth fa c to r  was being  in fluenced . P igures 17 and 

18 c l e a r l y  show t h a t  L f i n h i b i t s  b o th  p ro d u c tio n  o f  th e  g ro w th  

f a c t o r  in  th e  crow ded c u l t u r e s  and i t s  e f f e c t  on th e  sp re a d  

c u ltu re s . However, when p u r if ie d  IL-2 was added to  MLCs in  PBWs, 

Lf d id  not in flu en ce  th e  subsequent p r o l i f e r a t io n  (Figure 24).

I t  i s  q u ite  c le a r  th a t  Lf was in h ib i t in g  th e  p roduction  o f IL-2 in  

th e  crow ded MLCs from  th e  d a ta  p re s e n te d  in  F ig u re  23* C o n tro l 

experim ents had shown th a t  I f  d id  not a f f e c t  p ro l i f e r a t io n  o f the  

CTLL-2 c e l l s  used to  assay  IL-2.

These r e s u l t s  can  be e x p la in e d  in  one o f  tw o w ays. The f i r s t  

e x p la n a t io n  i s  b a sed  on th e  b io c h e m is try  o f  IL -2 . I t  h a s  been  

w idely  rep o rted  th a t  both  th e  m olecular w eight and th e  i s o e le c t r ic  

p o in t  o f  p u r i f i e d  IL -2  e x h ib i t  h e te r o g e n e i ty  and t h i s  h a s  been  

shown to  be due to  d i f f e r e n t  d e g re e s  o f  g ly c o s y la t io n  (Robb and 

S m ith  1981). A lthough  th e  v a r io u s  m o le c u la r  fo rm s o f  IL -2  have 

been  shown n o t t o  d i f f e r  i n  t h e i r  b io lo g ic a l  a c t i v i t y  (W elte  and 

M erte lsm ann  1985)> i t  i s  p o s s ib le  t h a t  d i f f e r e n t  d e g re e s  o f  

g ly co sy la tio n  would render th e  p ro te in  su sc e p tib le  to  in a c t iv a t io n  

by L f, by th e  l a t t e r  b in d in g  to  th e  fo rm e r . Thus i t  co u ld  be
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argued th a t  some o f th e  IL-2 m olecules produced by th e  MLC would be 

s e n s i t iv e  to  in a c t iv a t io n  by Lf w h ils t  o th e rs  would be unaffec ted . 

B y  ex tension , th e  la ck  o f in h ib i t io n  o f th e  e f f e c t  o f p u r if ie d  IL-2 

c o u ld  be due to  t h i s  b e in g  g ly c o s y la te d  to  a  d e g re e  w hich i s  

u n a ffec ted  by I f .

The a l t e r n a t i v e  e x p la n a t io n  i s  b ased  upon th e  p ro d u c tio n  o f  a  

second f a c to r  by crowded MLCs. In  th i s  case, IL-2 production  would 

be i n h ib i t e d  by Lf b u t  i t s  e f f e c t  would n o t ,  a s  su g g e s te d  by 

F ig u re s  23 and 24* P ro d u c tio n  o f  th e  second  f a c t o r  a l s o  c a p a b le  

o f s t im u la tin g  th e  spread  c e l l s  may not be a ffe c te d  by I f ;  however, 

i t s  e f f e c t  on MLCs in  IBWs could be in h ib ite d . A number o f au th o rs  

have dem onstrated th e  p roduction  o f a  lymphokine d i s t in c t  from IL-2 

and a c t i v e  on c y to to x ic  T ly m p h o cy tes . R eddehase e t  a l .  (1982) 

found th a t  IL-2 alone was in s u f f ic ie n t  to  support th e  a c t iv a t io n  o f 

CTL responses o f murine sp lenocy tes and th a t  an a d d itio n a l fa c to r  

p roduced  by a l l o g e n e i e a l l y  s t im u la te d  Th c e l l s  was r e q u ir e d .  

C o n lo n e t  a l .  (1982) showed t h a t  im m ature  m urine  th y m o cy tes  

req u ired , in  a d d itio n  to  IL-2, a  f a c to r  produced by a llo g e n e ie a lly  

s tim u la te d  sp lenocy tes to  develop c y to to x ic ity . S im ila r ly , Wagner 

e t  a l .  (1982) d e m o n s tra te d  t h a t  IL -2  was i n s u f f i c i e n t  to  in d u ce  

d i f f e r e n t ia t io n  o f p rim ary  CTL in  v i t r o .  They named th e  req u ired  

second s ig n a l c y to to x ic  T c e l l  d i f f e r e n t ia t io n  fa c to r  (CTDF). They 

suggested th a t  IL-2 i s  req u ired  to  expand th e  CTL p recu rso r clone 

and t h a t  CTDF i s  th e n  in v o lv e d  in  th e  d i f f e r e n t i a t i o n  to  th e  

c y to ly t ic  e f fe c to r  c e l l s .  This, they  suggest, i s  analogous to  the  

p r o l i f e r a t i o n  and  d i f f e r e n t i a t i o n  s ig n a l s  r e q u ir e d  f o r  th e  

development o f th e  m ature an tibody producing B c e l l s .
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A lthough  th e s e  r e p o r t s  c l e a r l y  i l l u s t r a t e  th e  in v o lv e m e n t o f  

f a c to r s  o th e r than  IL-2 in  T c e l l  responses, they  a re  a l l  involved 

in  th e  d i f f e r e n t i a t i o n  o f  c y to to x ic  p re c u rs o r  c e l l s .  I s  t h i s  T 

c e l l  fu n c tio n  being  measured in  th e  augm entation o f u r id in e  uptake 

in to  spread MLCs by crowded c e l l  cond itioned  medium? The f a c t  th a t  

u r id in e  would s t i l l  be in co rp o ra ted  in to  d i f f e r e n t ia t in g  c e l l s  due 

to  p r o te in  s y n th e s i s  does n o t r u l e  o u t th e  p o s s i b i l i t y  o f  th e  

involvem ent o f a  d i f f e r e n t ia t io n  fa c to r .  However, th e  p o s s ib i l i ty  

o f  t h i s  f a c t o r  a l s o  in d u c in g  p r o l i f e r a t i o n  c an n o t be ex c lu d e d , 

s in c e  O labuenaga e t  a l .  (1983) found  t h a t  an N K -like  c e l l  l i n e ,  

B10C7, would p r o l i f e r a t e  i n  th e  p re se n c e  o f  s t im u la te d  m urine  

s p le e n  c e l l  s u p e r n a ta n ts ,  b u t n o t w ith  p u r i f i e d  IL -2  a lo n e . 

Therefore i t  i s  p o ss ib le  th a t  p ro l i f e r a t io n  i s  a lso  occuring.

The i n a c t i v a t i o n  o f  a  g ro w th  f a c t o r  by Lf b in d in g  t o  i t s  a c t i v e  

s i t e s  i s  a  s t r o n g  p o s s i b i l i t y  due to  th e  h ig h  c a t i o n i c  n a tu re  o f  

th e  i r o n  b in d in g  p r o te in .  In d eed , t h i s  h a s  been  shown by A shorn 

e t  a l .  (1986) who d e m o n s tra te d  t h a t  Con A s t im u la te d  lym phocy te  

p ro l i f e r a t io n  was in h ib ite d  by L f, and th a t  th i s  in h ib i t io n  was due 

to  L f b in d in g  to  and d e a c t iv a t in g  th e  l e c t i n .  However, a s  o f te n  

occurs when co n sid e rin g  L f, d a ta  e x is t s  to  th e  co n tra ry . Broxmeyer 

e t  a l .  (1980) w ere u n a b le  to  d e m o n s tra te  i n h i b i t i o n  o f  GM-CSF 

production  from Con A s tim u la te d  human lymphocytes by Lf. The d a ta  

in  F ig u re  2 i s  in  ag reem en t w ith  th e  fo rm e r b u t  n o t th e  l a t t e r  

group. This d is p a r i ty  could be exp lained  by th e  use o f a  d if f e r e n t  

so u rc e  o f  Con A, s in c e  th e  d eg ree  o f  s i a l a t i o n  b e tw een  l e c t i n  

p r e p a r a t io n s  i s  known to  v a ry . D if f e re n c e s  in  th e  s i a l i c  a c id
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r e s id u e s  on Con A c o u ld  a f f e c t  th e  b in d in g  o f  L f , and co n seq u en t 

in a c t iv a t io n  o f th e  s tim u lu s  in  an analogous way to  th a t  proposed 

fo r  th e  in h ib i t io n  o f IL-2 m olecules d if f e r in g  in  t h e i r  degree o f 

g ly c o sy la tio n .

Prom th e  a v a ila b le  d a ta  i t  i s  no t p o ss ib le  to  d is tin g u is h  between 

th e  tw o p ro p o sed  e x p la n a t io n s  d is c u s s e d  above. However, i t  i s  

l i k e l y  t h a t  b o th  a p p ly . E x p e rim en ts  in v o lv in g  n e u tr a l is a t io n  o f 

IL -2  in  crow ded c u l tu r e  s u p e r n a ta n ts  by s p e c i f i c  a n t ib o d ie s  a re  

req u ired  to  dem onstrate  th e  involvem ent o f a  second fa c to r .  Also, 

th e  p o s s i b i l i t y  o f  L f b in d in g  to  IL -2  co u ld  be in v e s t ig a te d  by 

m easu rin g  th e  e f f e c t  o f  IL -2  p r e p a r a t io n s  on sp re a d  MLCs a f t e r  

passage o f th e  IL-2 down a  column o f im m obilised I f .

The f in d in g  t h a t  no IL-1 a c t i v i t y  co u ld  be d e te c te d  in  th e  MLC 

su p ern a tan ts  was unexpected, s in ce  th e  c e n tr a l  ro le  o f IL-1 in  IL-2 

p ro d u c tio n  has  b een  w e l l  docum ented (S m ith  e t  a l .  1 980; L a rsso n  

e t  a l .  1980). However, u n d e r c o n d i t io n s  r e p o r te d  t o  in d u ce  IL-1 

s e c re tio n , namely a f t e r  s t im u la tio n  w ith  LPS fo r  18 hours (Gearing 

e t  a l .  1985), IL-1 a c t i v i t y  was d e te c te d  and i t  can  be se e n  from  

Figure 26 th a t  t h i s  was p a r t i a l l y  in h ib ite d  by Fe-Lf.

The w e ig h t o f  e v id e n c e  f o r  th e  in v o lv em en t o f  IL-1 in  IL -2  

production  as observed in  th e  MLC i s  such th a t  an ex p lan a tio n  fo r  

th e  la ck  o f IL-1 in  MLC su p ern a tan ts  i s  requ ired . This has emerged 

from  th e  w ork o f  a  number o f  i n v e s t i g a t o r s  o v e r r e c e n t  y e a r s .  

K u r t - J o n e s  e t  a l .  (1 9 8 5 ) sh o w ed  t h a t  T c e l l  r e s p o n s e s  t o  

p a r a f o r m a ld e h y d e  f i x e d  m u r in e  p e r i t o n e a l  m acrophages w ere 

independent of IL-1 se c re tio n . They dem onstrated th a t  the  response
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o f T c e l l s  was due to  membrane-bound IL-1. In  a  s im ila r  study  on 

human c e l l s ,  Goeken and Staggs (1987) dem onstrated th a t  f ix e d  human 

macrophages se c re te d  IL-1 in  response to  e i th e r  mumps or te ta n u s  

to x o id ; however, a f t e r  washing away th e  IL-1 th e  c e l l s  were s t i l l  

ab le  to  s tim u la te  T c e l l  p ro l i f e r a t io n ,  employing FACs a n a ly s is  

th e y  d e m o n s tra te d  t h a t  th e  T c e l l  re sp o n se  was due t o  m em brane- 

bound IL -1 . Bakouche e t  a l .  (1987) d e m o n s tra te d  th e  p re se n c e  o f  

membrane IL-1 on LPS s t im u la te d  human m onocytes in  a d d i t io n  to  

s e c re tio n  o f th e  monokine. They suggested th a t  th e  membrane-bound 

form i s  involved in  d i r e c t  co n tac t w ith  T c e l l s  inducing  expression  

o f  h ig h  a f f i n i t y  IL -2  r e c e p to r s  and t h a t  th e  s e c r e te d  IL-1 

fu n c tio n s  as a  t ru e  monokine. Conlon e t  a l .  (1987) suggested  th a t  

membrane IL-1 was IL-1 a lp h a  and th e  sec re te d  form was IL-1 b e ta .

Thus a  la rg e  body o f evidence e x is t s  to  dem onstrate th e  im portance 

o f  m em brane-bound IL-1 in  T c e l l  a c t i v a t io n .  I t  i s  t h e r e f o r e  

proposed th a t  th e  in a c t iv a t io n  o f IL-2 s e c re tio n  in  th e  MLCs i s  due 

to  s u p p re s s io n  o f  th e  membrane IL-1 on th e  m onocyte. T h is  would 

fu r th e r  ex p la in  th e  requirem ent o f c e l l  crowding to  o b ta in  maximum 

p r o l i f e r a t io n  o f th e  c u ltu re s . The observation  th a t  I f  in h ib ite d  

th e  crow ded MLCs o n ly  c o u ld  th e r e f o r e  be due to  th e  i r o n  b in d in g  

p ro te in  in h ib i t in g  IL-1 exp ress io n  which could be d e tec ted  by th e  

enforced c e l l  c o n tac t in  th e  KBWs.

Summary

P r o l i f e r a t i o n  in  th e  th re e -w a y  MLC was found  to  be much g r e a t e r  

when th e  c e l l s  w ere c u l tu r e d  in  RBWs th a n  in  FBWs. The enhanced 

g ro w th  in  crow ded c o n d i t io n s  c o u ld  be i n h ib i t e d  by L f ; no e f f e c t
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was observed in  spread  co n d itio n s . This phenomenon was found to  be 

due to  th e  p ro d u c t io n  o f  a  g ro w th  f a c t o r  by th e  crow ded MLCs, and 

i t  was t h i s  substance th a t  was in h ib ite d  by Lf. The grow th fa c to r  

was s u b s e q u e n tly  i d e n t i f i e d  a s  IL -2 . S e c r e t io n  o f  IL -2  i s  

dependent upon th e  presence o f EL-1; however, t h i s  monokine could 

no t be d e tec ted  in  MLC s u p e rn a ta n ts .  S t im u la t io n  o f  m ononuclear 

c e l l s  w ith  LPS in d u ced  IL-1 s e c r e t io n ,  and L f was found  to  be 

in h ib i to ry  under th e se  co n d itio n s . These observ a tio n s  suggest th a t  

membrane-bound IL-1 was inducing  IL-2 production  in  th e  MLCs, which 

co u ld  e x p la in  th e  re q u ire m e n t f o r  c ro w d in g  to  o b ta in  a  m axim al 

re sp o n se . I n h i b i t i o n  o f  IL-1 e x p re s s io n  on th e  s u r f a c e  o f  

m onocytes by Lf co u ld  e x p la in  th e  o b serv ed  r e d u c t io n  in  IL -2  

p roduction  and consequent p r o l i f e r a t io n  as dem onstrated.
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CHAPTER FIVE

THE EFFECT QE LACTOFERRIN OH A MONONUCLEAR CELL DERIVED NEUTROPHIL*

PRIMIHG- FACTOR

The d e m o n s tra t io n  t h a t  L f i n h i b i t s  lym phocy te  p r o l i f e r a t i o n  

in  v i t r o  p re sen ts  a  number o f problem s when a tte m p tin g  to  a ss ig n  an 

in  vivo ro le  to  t h i s  phenomenon. Of course, th e  involvem ent o f IL -

1 in  colony s tim u la tin g  f a c to r  p roduction  i s  w e ll documented, and 

one e x p la n a t io n  h as  a l r e a d y  b een  su g g e s te d  by Bagby e t  a l .  ( 1 9 8 3 ) 

f o r  th e  in h ib i t io n  o f g ra n u lo p o ie s is  by I f  v ia  a  monokine, probably 

IL-1. However, a  number o f hypotheses a r is in g  from th e  preced ing  

work have im p l ic a te d  a  r o l e  f o r  L f in  th e  c o n t r o l  o f  l o c a l i s e d  

in f la m m a tio n . The s u g g e s t io n  t h a t  L f i s  i n e f f e c t i v e  a s  an  

i n h i b i t o r  in  p la sm a  (page 1 1 1 ) w ould r u le  o u t su ch  a  r o le  f o r  th e  

p ro te in  in  th e  c ir c u la t io n .  The requirem ent fo r  crowding th e  MID 

to  o b ta in  an  e f f e c t  w i th  L f and th e  p ro p o sed  in v o lv e m e n t o f  MHC 

m olecules in  th e  in h ib i to ry  fu n c tio n s  o f Lf (Broxmeyer and P la tz e r

1 9 8 4 ) i n d i c a t e  a  r o l e  i n  i n f l a m m a to r y  l e s i o n s  w h e re  b o th  

mononuclear and polym orphonuclear le u c o c y te s  a r e  packed  to g e th e r .  

One o f th e  p r in c ip a l  i n i t i a t i n g  s ig n a ls  in  inflam m ation  i s  thougiht 

to  be endotoxin. This fu n c tio n s  as a  chem otaxinigen (C old itz  and 

Movat 1984) "by s t im u la tin g  th e  lo c a l is e d  p roduction  o f inflam m atory 

m edia tors which u l t im a te ly  r e s u l t  in  th e  m ig ra tio n  o f leucocy tes  to  

t h e  s i t e  o f  i n f e c t i o n .  The f i n d i n g  t h a t  L f i n h i b i t s  IL -1  

production  in  response to  LPS fu r th e r  supports  th e  hypothesis th a t  

I f  fu n c tio n s  as a  re g u la to r  o f lo c a l is e d  inflam m ation.

C ybulsky e t  a l .  (198?) found  t h a t  IL-1 was a  p o te n t  c h e m o ta c tic
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agent fo r  PM  when in je c te d  in to  r a b b its ,  and suggested th a t  IL-1 

m e d ia te s  e n d o to x in - in d u c e d  n e u t r o p h i l  e m ig ra t io n .  However, 

Y oshim ura e t  a l .  (1987) found  t h a t  b o th  h ig h ly  p u r i f i e d  and 

recom binant IL-1 was no t chem otactic  fo r  PM  in  v i t r o .  They were 

a b le  to  d e m o n s tra te  t h a t  LPS s t im u la te d  m ononuclear c e l l s  to  

r e l e a s e  a  n e u t r o p h i l  c h e m o ta c tic  f a c t o r  (o r f a c t o r s )  w hich may 

in c lu d e  TNF. Ming e t  a l .  (1987) showed t h a t  TNF was c h e m o ta c tic  

fo r  PM  in  v itro .

TNE1 has been shown to  be involved in  th e  prim ing o f n e u tro p h ils  by 

enhancing th e i r  response to  subsequent s tim u la tio n  (Shalaby e t  a l .

1985)- Could th e  p ro d u c tio n  o f  t h i s  o r o th e r  f a c t o r s  p roduced  by 

macrophages, which a re  involved in  th e  i n i t i a t i o n  o f inflam m ation , 

be in f lu e n c e d  by Lf? The i n h i b i t i o n  o f  a  PMN c h e m o ta c tic  f a c t o r  

o r a  s u b s ta n c e  w hich  en h an ces  n e u t r o p h i l  f u n c t io n  by a  p r o te in ,  

re le ase d  from phagocytosing n e u tro p h ils  a t  an inflam m atory  lo cu s, 

could have s ig n if ic a n t  im p lic a tio n s . Thus, as n e u tro p h il numbers 

accum ulate and re le a s e  Lf, a  n eg ative  feedback mechanism would be 

i n i t i a t e d  to  p re v e n t  e x c e s s iv e  a c c u m u la tio n  and a c t i v a t i o n  o f  

PMNs, w hich  due to  t h e i r  h ig h ly  to x ic  n a tu re  co u ld  become 

d e s tru c tiv e  to  th e  h o s t .

This chap ter d esc rib e s  experim ents which a ttem pted  to  in v e s t ig a te  

t h i s  h y p o th e s is .  S u l l iv a n  e t  a l .  (1988) have d e m o n s tra te d  t h a t  

m onocytes s t im u la te d  by LPS r a p id ly  r e l e a s e  a  f a c t o r  w hich  

d r a m a t ic a l ly  en h an ces  PMN su p e r o x id e  p ro d u c tio n  in  re sp o n se  to  

fMLP. This phenomenon was consequently  in v e s tig a te d  by employing 

lu c ig e n in  enhanced  ch em ilu m in escen ce  a s  an  in d i c a to r  o f  PMN 

su p e r  oxide p roduction .
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5 .1 . D em onstration o f a  PMN Priming F actor Produced by LPS S tim ulated 

Mononuclear C ells

MNCs w ere p re p a re d  a s  d e s c r ib e d  i n  C h ap ter 2 u s in g  MPRM. The 

c o n cen tra tio n  o f  th e  c e l l s  was ad ju sted  to  2x 10^ ml~^ in  cRPMI and 

800 u l  o f th e  suspension  added to  12 w e ll t i s s u e  c u ltu re  c lu s te r s .  

100 u l  o f  LPS and 100 u l  o f  L f o r TRIS/HC1 w ere added. The c e l l s  

w ere th e n  in c u b a te d  u n d e r s ta n d a rd  c o n d itio n s  fo r  va rio u s  tim es.

At th e  end o f th e  c u ltu re  p e rio d , th e  su p ern a tan ts  were harvested  

by a s p ir a t in g  th e  co n ten ts  o f th e  w e lls  and removing th e  c e l l s  by 

c e n t r i f u g a t io n  a t  400 x g f o r  10 m in u te s . The m ononuclear c e l l  

conditioned  medium (MNC-CM) was tra n s fe r re d  to  polypropylene v ia ls  

in  900 u l  a l i q u o t s  and s to r e d  a t  -70°C  u n t i l  r e q u ir e d .  T h is  was 

u s u a l ly  w i th in  one m onth o f  p ro d u c tio n . S u p e rn a ta n ts  w ere u sed  

im m ediately  a f t e r  thaw ing and were not refrozen .

These s u p e r n a ta n ts  w ere th e n  t e s t e d  f o r  t h e i r  p r im in g  e f f e c t s  

a g a in s t  PMNs p re p a re d  a s  d e s c r ib e d  in  C h ap ter 2. The PMNs w ere 

ad ju sted  to  10^ ml“  ̂ in  RPMI. 100 u l  o f th e  suspension  were added 

to  900 u l  o f MNC-CM which was m ain tained  on ic e . As a  c o n tro l, PMN 

w ere added to  900 u l  o f  f r e s h  cRPMI on ic e .  The c e l l s  w ere 

in c u b a te d  a t  4°C f o r  15 m in u te s , a f t e r  w hich th e y  w ere w ashed by 

c e n t r i f u g a t io n  a t  400 x g f o r  5 m in u te s . The medium was rem oved 

and th e  PMN resuspended in  co ld  PBS co n ta in in g  1 mg ml"^ BSA. The 

c e l l s  w ere c e n t r i f u g e d  a  second  t im e , a f t e r  w hich  th e  PBS was 

rep laced  w ith  RPMI co n ta ing  1 mg ml“  ̂ BSA (RPMI-A). 400 u l  o f th e  

PMN s u sp e n s io n  w ere t r a n s f e r r e d  to  lu m in o m e te r c u v e t te s  in  

d u p l ic a te .  50 u l  o f  lu c ig e n in ,  d i lu te d  in  PBS to  2.5 x 10” 4 M, 

had p r e v io u s ly  b een  added to  th e  c u v e t te s .  These w ere th e n
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tr a n s fe r re d  to  th e  c a ro u se l o f an 1KB 1251 autom ated lum inom eter 

w hich  had p r e v io u s ly  b een  h e a te d  to  57°C. The s u sp e n s io n s  w ere 

allow ed to  e q u i l ib ra te  to  57°C fo r  approxim ately  2 m inutes befo re  

50 u l  o f  s t im u lu s  w ere  added. The s t im u lu s  ch o sen  was zymosan 

a c tiv a te d  serum (ZAS). This was used im m ediately a f t e r  thaw ing and 

was d i lu t e d  1 :2 in  RPMI-A t o  g iv e  a  f i n a l  c o n c e n t r a t io n  o f  5% in  

th e  cu v e tte .

F ig u re  27 shows a  t y p i c a l  ch em ilu m in escen ce  cu rv e  f o r  PMN 

s tim u la te d  by ZAS fo llo w in g  in cu b atio n  in  MNC-CM, and compares th i s  

w i th  c o n t r o l s  i n c u b a t e d  w i th  cRPMI. I t  c a n  be  s e e n  t h a t  

co n siderab ly  more chem ilum inescence occurred w ith  th e  primed PMN. 

The r e a c t i o n  w as q u a n t i f i e d  by m e a s u r in g  th e  r a t e  o f  

chem ilum inescence over th e  s te e p e s t  s e c tio n  o f th e  curve. This was 

ro u tin e ly  over th e  f i r s t  28 m inutes fo llo w in g  a d d itio n  o f s tim u lu s . 

F igure 28 shows th e  r e s u l t s  o f a  number o f experim ents expressed as 

th e  r a te  o f chem ilum inescence fo llo w in g  prim ing o f th e  PMN.

In v e s tig a tio n s  were conducted by c u l tu r in g  th e  m ononuclear c e l l s  

fo r  18 hours b e fo re  h a rv e s tin g  th e  su p ern a tan ts . To determ ine th e  

op tim al tim e fo r  th e  p roduction  o f th i s  PMN prim ing  fa c to r  (PMN- 

PF), MNCs were incubated  w ith  10 ug ml“  ̂ LPS fo r  v a rio u s  len g th s  o f 

t im e . The s u p e r n a ta n ts  w ere  th e n  t e s t e d  f o r  t h e i r  a b i l i t y  to  

enhance PMN ch em ilu m in e sc en c e . F ig u re  29 shows th e  r e s u l t s  o f  

th ese  experim ents.

Maximal p roduction  occurred between 5 and 6 hours, a f t e r  which tim e 

th e  PMN-PF b e g in s  t o  d e c l in e .  A 5 hour in c u b a t io n  was th e r e f o r e  

used fo r  a l l  subsequent in v e s t ig a tio n s .
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Figure 28. The e f f e c t  o f MNC-CM on the  ra te  o f ZAS s tim u la ted  

chem ilum inescence over th e  f i r s t  28 m inutes fo llo w in g  a d d itio n  

o f s tim u lus.

R e su lts  a re  means + / -  SEM from 6 s e p a ra te  ex p erim en ts  u s in g  a

d iffe re n t MFC and PMN donor fo r each.
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F ig u re  29» Time c o u rse  f o r  th e  p ro d u c tio n  o f  PMN-PP by MNCs 

s tim u la te d  by 10 ug ml”  ̂ LPS.

R e su lts  a re  means + / -  SEM from 3 s e p a ra te  ex p erim en ts  w ith  a

d iffe re n t MNC and PMN donor fo r  each.
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The tim e req u ired  fo r  th e  prim ing  to  occur was nex t in v e s tig a te d . 

A pool o f 5 hour MNC-CM s tim u la te d  by 10 ug ml” ** LPS was prepared 

from  f i v e  d o n o rs , a l iq u o te d  and s to r e d  a t  -70°C  u n t i l  r e q u ir e d .  

T h is  was u sed  to  in c u b a te  n e u t r o p h i l s  a t  4°C f o r  v a r io u s  tim e  

i n t e r v a l s .  F ig u re  30  shows t h a t  t h i s  phenomenon o c c u rre d  v e ry  

ra p id ly  w ith  no improvement o f prim ing  a f t e r  15 m inutes. This 15 

m inute tim e p eriod  was th e re fo re  chosen as the  s tan d ard  tim e. Thus 

a l l  s u b s e q u e n t  e x p e r im e n t s  w e re  c o n d u c te d  by s t i m u l a t i n g  

mononuclear c e l l s  fo r  5 hours befo re  h a rv e s tin g  th e  su p ern a tan t and 

u s in g  th e  su p ern a tan t to  prim e n e u tro p h ils  fo r  15 m inutes a t  4°C, 

a f t e r  which they  were washed in  co ld  PBS-A befo re  being  resuspended 

i n  R PM I-A . The c e l l s  w e r e  t h e n  a s s e s s e d  f o r  t h e i r  

chem ilum inescence in  response to  s p e c if ic  s t im u li .

Having e s ta b lish e d  th e  o p tim al tim es fo r  th e  p roduction  o f PMN-PF 

and fo r  i t s  e f f e c t  on n e u tro p h ils ,th e  dose dependent s tim u la tio n  of 

MNCs by-LPS was nex t in v e s tig a te d . MNCs were prepared as p rev io u sly  

described  and s tim u la te d  by LPS over a  co n cen tra tio n  range from 

1 ng ml~^ to  1 0 u g  ml"'"'. F ig u re  31 i l l u s t r a t e s  th e  dose re sp o n se  

curve fo r  LPS to  produce PMN-PF. Maximal s e c re tio n  occurred w ith  

th e  h ig h est endotoxin co n cen tra tio n s . The PMN c o n tro ls  fo r  th ese  

experim ents co n s is ted  o f cRPMI co n ta in in g  equal co n cen tra tio n s  o f 

LPS a s  th o s e  u sed  to  s t im u la t e  th e  MNCs. T h is  r e v e a le d  t h a t  LPS 

alone was ab le  to  prim e PMNs. F igure  31 i l l u s t r a t e s ,  however, th a t  

t h e  MNC-CM i s  c o n s i d e r a b l y  m ore e f f e c t i v e  a t  p r im in g  th e  

n eu tro p h ils , th u s  dem onstrating  th a t  a  fa c to r  i s  indeed re le a se d  by 

MNCs in  re sp o n se  to  LPS. F ig u re  32 r e p r e s e n ts  th e  d a ta  in  F ig u re  

31 e x p re s se d  a s  % s t im u la t io n  o v e r th e  a p p r o p r ia te  c o n t r o l ,  and
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Figure J>0. Time course fo r  th e  prim ing o f n e u tro p h ils  by MNC-CM 

a t  4°C.

R esu lt o f 1 re p re se n ta tiv e  experim ents from 4 ,  u s in g  d i f f e r e n t  

PMN donors and a  co n stan t pool o f MNC-CM derived  from 5 MNC donors.
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Figure 51. LPS dose response fo r  th e  p roduction  o f PM-PF from 

5 hour mononuclear c e l l  c u ltu re s  compared w ith  th e  d i r e c t  prim ing 

e f f e c t  o f LPS on ZAS s tim u la te d  chemilum inescence.

Results represen t means of 4 separate  experiments + /-  SEM w ith a

d iffe re n t MFC and PM donor fo r each.
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MNC-CM over IPS only c o n tro ls .
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th e re fo re  can be considered  as  a  measure o f PMN-PF production . I t  

can be seen  th a t  maximal s e c re t io n  occurred a t  10 ug ml“  ̂ LPS.

5 .2 . P relim inary  c h a ra c te r is a t io n  o f PMN-PF

The tim e course fo r  th e  p roduction  o f PMN-PF was c o n s is te n t w ith  

th a t  of TNF a lpha  (B urchett e t  a l .  1988). In  a d d itio n , a  number o f 

re p o r ts  have dem onstrated th a t  p re tre a tm en t o f  n e u tro p h ils  w ith  TNF 

i s  ab le  to  enhance th e i r  c y to to x ic  a c t i v i t i e s  (Shalaby e t  a l .  1985; 

K le b an o ff  e t  a l .  1986). The p r im in g  e x p e r im e n ts  w ere th e r e f o r e  

re p e a te d  u s in g  re c o m b in a n t human TNF a lp h a  (rhT N F-alpha) (a  

generous g i f t  from Dr Meager, NIBSC, England) in  p lace  o f MNC-CM. 

N e u tro p h ils  w ere p re in c u b a te d  a t  4°C w ith  a  ran g e  o f  rhTNF 

co n cen tra tio n s  in  cRPMI and t r e a te d  e x ac tly  as described  above fo r  

th e  d e te c tio n  o f PMN-PF. F igure  55 i l l u s t r a t e s  th e  dose response 

curve fo r  th e  p rim ing  o f n e u tro p h ils  by TNF. At co n cen tra tio n s  o f 

TNF g re a te r  than  10 U ml"^ th e  ZAS s tim u la te d  chem ilum inescence was 

in c reased .

K lebanoff e t  a l .  (1986) dem onstrated th a t  TNF d ra m a tic a lly  enhanced 

n e u t r o p h i l s '  r e s p o n s e s  t o  o p s o n is e d  Z ym osan , and  by u s i n g  

monoclonal a n tib o d ie s  to  th e  C3bi re c ep to r , showed th a t  th i s  was 

due to  an  in c r e a s e  in  r e c e p to r  e x p re s s io n  f o l lo w in g  ex p o su re  o f 

c e l l s  to  th e  m onokine. The p r im in g  e x p e r im e n ts  w ere t h e r e f o r e  

r e p e a te d  u s in g  serum  t r e a t e d  Zymosan (STZ) a s  th e  n e u t r o p h i l  

s tim u lu s  in  p lace  o f ZAS. F igure 34 shows th a t  MNC-CM was ab le  to  

enhance th e  r a te  o f chem ilum inescence fo llo w in g  s tim u la tio n  by 2 mg 

ml“  ̂ STZ. F igure 35 i l l u s t r a t e s  th a t  rhTNF in creased  th e  r a te  o f 

STZ induced chem ilum inescence in  a  dose dependent manner. I t  can 

be seen from t h i s  f ig u re  th a t  n e u tro p h il responses to  STZ fo llo w in g
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F ig u re  33* Dose re sp o n se  f o r  th e  p r im in g  o f  n e u t r o p h i l s  w ith  

TKF on 'the  r a te  o f ZAS s tim u la te d  chemiluminescence.

R esults rep resen t means + / -  SEM from 3 separate experiments w ith a

d iffe re n t PMh donor fo r each.
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Figure 34. The e f f e c t  p rim ing  n e u tro p h ils  w ith  MNC-CM on the  

ra te  o f chem ilum inescence fo llo w in g  s tim u la tio n  w ith  2 mg ml~1STZ.

R esu lts  re p re se n t means o f 5 sep a ra te  experim ent + /-  SEM u sin g  a 

d i f f e r e n t  PMN donor f o r  each  and a  c o n s ta n t  p o o l o f  MNC-CM 

derived from 5 MNC donors.
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Figure 35» Dose response fo r  th e  p rim ing o f n e u tro p h ils  w ith  rh  

TMF on th e  r a te  o f STZ s tim u la te d  chem iluminescence.

R e su lts  r e p re s e n t  means + / -  SEM o f 3 s e p a ra te  ex p erim en ts  w ith  a

d iffe re n t PMh donor fo r each. i
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prim ing w ith  TNF were s e n s i t iv e  down to  0.1 U ml- ’' o f the  monokine. 

These r e s u l t s  a re  c o n s is te n t w ith  th e  d a ta  pub lished  by K lebanoff. 

However, th e  u se  o f  STZ a s  a  s t im u lu s  to  i n v e s t i g a t e  n e u t r o p h i l  

p rim ing  by MNC-CM was d iscon tinued  due to  th e  complex n a tu re  o f 

th e  r e s u l t a n t  c h em ilu m in escen ce  c u rv e s  (F ig u re  36). A b ip h a s ic  

c u rv e  was p roduced  w ith  c o n t r o l s  and a t  low  TNF c o n c e n tr a t io n s .  

This was d i f f i c u l t  to  q u a n ti ta te  and th e  c o n tro l va lues were h igh  

( F ig u r e  34)* T h e r e f o r e  ZAS, g i v i n g  n e g l i g i b l e  c o n t r o l  

chem ilum inescence, was chosen to  continue th e  in v e s t ig a tio n s .

The d i r e c t  e f f e c t  o f rhTNF on PMN chem ilum inescence in  th e  absence 

o f  su b se q u e n t s t im u la t io n  was n e x t i n v e s t ig a te d .  PMN w ere 

p re in c u b a te d  w ith  th e  m onokine e x a c t ly  a s  d e s c r ib e d  above; 

fo llo w in g  washing, th e  c e l l s  were tra n s fe r re d  to  th e  lum inom eter 

and chem ilum inescence assessed . F igure 37 compares th e  d a ta  from 

th e se  experim ents to  th a t  i l l u s t r a t e d  in  F igure 33* The magnitude 

o f th e  response can be seen  to  be much low er in  th e  absence o f ZAS. 

T h e re fo re , TNF was shown t o  have a  d i r e c t  e f f e c t  on PMN w hich  i s  

enhanced by s tim u la tio n  w ith  ZAS.

To c l a r i f y  t h i s  o b s e r v a t io n ,  th e  experim ents were repeated  u s in g  

MNC-CM to  prim e th e  n e u tro p h ils , th e  d i r e c t  e f f e c t  o f PMN-PF was 

compared w ith  ZAS s t im u la tio n  fo llo w in g  prim ing. F igure  38 shows 

th a t  MNC-CM d i r e c t ly  s tim u la te d  th e  PMNs a f t e r  washing; however, 

th e  response was co n sid erab ly  augmented by ZAS.

To i d e n t i f y  th e  c e l l  ty p e  r e s p o n s ib le  f o r  th e  PMN-PF, MNCs w ere 

s e p a ra te d  in to  p l a s t i c  a d h e re n t  and non -ad h eren t p o pu la tions. A 

suspension  o f MNCs was p repared  in  cRPMI and added to  90 mm p e t r i
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Figure 36. Chemiluminescence curves produced by STZ s tim u la te d  

PM  fo llo w in g  prim ing  w ith  rhTNF.

R e s u l ts  from  1 r e p r e s e n ta t i v e  e x p e r im e n t o u t o f  3 ,  u s in g  

d i f f e r e n t  PM  donors.
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F ig u re  37. R e s u l ta n t  ch em ilu m in escen ce  fo l lo w in g  p r im in g  o f  

n e u t r o p h i l s  w ith  rhTEF in  th e  p re s e n c e  and ab sen ce  o f su b se q u e n t 

s tim u la tio n  by ZAS.

R esults rep resen t means + /-  SEM from 3 separate experim ents w ith a

d iffe re n t PMN donor fo r each.
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F ig u re  38» R e s u l ta n t  chem ilum inescence fo llo w in g  prim ing o f 

n e u tro p h ils  w ith  MNC-CM w ith  and w ithout subsequent s tim u la tio n . 

LPS-Con = Fresh cRPMI co n ta in in g  10 ug ml~^ LPS.

R esu lts  re p re se n t means + /-  SEM from 6 sep a ra te  experim ents w ith  a 

d i f f e r e n t  MNC and PMN donor fo r  each.
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d is h e s .  These w ere in c u b a te d  a t  37°C f o r  tw o h o u rs . The non

a d h e re n t c e l l s  w ere  a s p i r a t e d ,  w h ile  th e  a d h e re n t m onolayer was 

washed th re e  tim es  in  RPMI a t  37°C. The adheren t c e l l s  were then  

h a rv e s te d  by s c r a p in g  th e  d is h  w ith  a  ru b b e r  p o lic e m an . Both 

p o p u la t io n s  w ere w ashed once by c e n t r i f u g a t io n  a t  400  x g f o r  

10 m in u te s  and re su sp e n d ed  a t  10^ m l”  ̂ in  cRPMI. A c y to s p in  

p re p a ra tio n  was made o f each po p u la tio n  fo r  subsequent assessm ent 

o f n o n -sp e c if ic  e s te ra s e  (NSE) a c t iv i ty .  They were t r a n s fe r re d  to  

th e  w e l l s  o f  12 w e l l  t i s s u e  c u l tu r e  c l u s t e r s  and in c u b a te d  f o r  5 

h o u rs  w ith  10 ug m l- "' BPS. The s u p e r n a ta n ts  w ere h a rv e s te d  and 

s to re d  as  p rev io u s ly  described . F igure 3 9  shows th e  e f f e c t  o f th e  

s u p e r n a ta n ts  on p r im in g  o f  PMN. The a d h e re n t c e l l s  (92.8$ NSE 

+ve.) p roduced  c o n s id e ra b ly  more chem ilum inescence than  th e  non

a d h e re n t (2 .2$ N SE+ve.). Thus i t  ap p ea red  t h a t  th e  m onocyte was 

producing PMN-PF.

9 * 3  The e f f e c t  o f L a c to fe rr in  on PMN-PF production  

H aving d e te rm in e d  th e  o p tim a l c o n d i t io n s  f o r  th e  p ro d u c tio n  and 

d e te c tio n  o f PMN-PF and ob tained  evidence which in d ic a te d  th a t  the  

f a c t o r  was TNF, th e  e f f e c t  L f on th e  s e c r e t i o n  o f  t h i s  p r im in g  

fa c to r  by MNCs was next in v e s tig a te d .

Since Broxmeyer e t  a l .  (1978) dem onstrated th a t  th e  in h ib i t io n  o f 

G-M-CSF p r o d u c t i o n  by  L f w as d e p e n d e n t  up o n  th e  r e l a t i v e  

c o n c e n t r a t io n  o f  LPS and L f, th e  i n i t i a l  e x p e r im e n ts  in v o lv e d  

d i f f e r e n t  s t im u lu s  and i n h i b i t o r  c o n c e n tr a t io n s .  The exam ple 

i l l u s t r a t e d  in  F igure 40 shows th a t  PMN-PF production  was in h ib ite d  

a t  every LF co n cen tra tio n ; however, u n lik e  Broxmeyer's observation , 

maximal in h ib i t io n  by Lf occurred a t  the  h ig h est LPS co ncen tra tion .
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F ig u re  3 9 . P ro d u c tio n  o f  PMN-PF by a d h e re n t and n o n -a d h e re n t 

mononuclear c e l l s  s tim u la te d  w ith  10 ug u l -1 LPS fo r  5 hours.

R esults represen t means + / -  SEM from 3 separate experiments w ith a

d iffe re n t MNC and PMN donor fo r each.

166



n>tr

4

3

2

1

0
o o oo o

control

1 0M 2M  I f  

1 0 M 0 M  5! 

10a-8 M W

o
o

o
o
o

[LPS] ng/ml

Figure 40. The e f f e c t  o f d i f f e r e n t  Fe-Lf and LPS co n cen tra tio n s  on 

PML-PF production  ty  cu ltu re d  mononuclear c e l l s .

Results are from 1 experiment.
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C o n tro l e x p e r im e n ts ,  w hereby F e -L f was added to  MNC-CM b e fo re  

p r im in g  n e u t r o p h i l s ,  r e v e a le d  no i n h i b i t i o n ;  th u s  d e m o n s tra t in g  

th a t th e  p ro d u c tio n , n o t th e  e f f e c t ,o f  PMN-PF was in f lu e n c e d  by L f.

W hilst conducting th e se  experim ents, i t  was observed th a t  in d iv id u a l 

re s p o n se s  to  Lf w ere e x tre m e ly  v a r ia b le ,  w ith  a  l a r g e  num ber o f  

donors n o t re sp o n d in g  to  L f a t  a l l .  I t  can  be se e n  from  t a b l e  4 

th a t  in d iv id u a ls  appear to  f a l l  in to  two main c a te g o rie s : those  who 

respond to  Lf and those who do not.
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Rate mv Min ^

Donor C ontrol

 ̂
Q

 
0 

l K % D ifference

Responders.

1 3.083 1 .049 - 6 6 .0
2 4*288 2.003 ~53.3
5 15.340 11.415 - 2 5 .6
4 3.245 1.749 - 46.1
5 3.287 2.449 -2 5 .5
6 2.802 1.103 -6 0 .6
7 4.592 3.797 -1 7 .3
8 7.890 6 .8 3 0 -1 3 .4

Mean 5-566 3.799 -3 1 .7

SEM 1.511 1.277

Non-Responders.

1 9.663 10.465 +1.1
2 9.898 10.034 +1 • 4
3 2.340 2.841 + 2 1 .4
4 2.882 2.713 -5 .9
5 4.442 4.775 +7.5

Mean 5-845 6.166 +5.55

SEM 1.664 1.708

Table 4 . The e f f e c t  o f 10 ^  M Fe-Lf on PMN-PF p roduction  from 

d if f e r e n t  in d iv id a u ls ' MNCs s tim u la te d  by 10 ug ml~^ LPS.
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Discussion

The d a ta  p re s e n te d  in  t h i s  c h a p te r  h as  c l e a r l y  d e m o n s tra te d  a  

p o s it iv e  in te ra c t io n  between mononuclear c e l l s  and n e u tro p h ils . A 

f a c t o r  p roduced  by MNCs in  re sp o n se  to  LPS h a s  b een  shown t o  

enhance PMN chem ilum inescence co n sid erab ly  fo llo w in g  s t im u la tio n  by 

b o th  ZAS and STZ. Enhancem ent o f  n e u t r o p h i l  c h em ilu m in escen ce  

w ith  lu c ig e n in  i s  c o n s id e re d  to  be a  m easure  o f  0 2 “ p ro d u c tio n  

(Allen 1986); th e re fo re , th e  MNC derived  PMN prim ing  fa c to r  (PMN- 

PE) f u n c t io n s  by e n h an c in g  th e  c e l l s '  o x id a t iv e  m e ta b o lism . The 

s ig n if ic a n c e  o f th i s  w i l l  be d iscussed  l a t e r .

F igure 31 c le a r ly  shows th a t  a  f a c to r  was produced by mononuclear 

c e l l s  and th a t  th e  phenomenon was not sim ply due to  c a rry  over o f 

LPS in  th e  cond itioned  medium. I t  can be seen  th a t  LPS d id  i t s e l f  

have a  dose dependent prim ing  e f f e c t ,  bu t in  com parison to  MNC-CM 

t h i s  was v e ry  s l i g h t .  H owever, th e  im p o rtan c e  o f  k e e p in g  LPS 

c o n ta m in a tio n  o f  b u f f e r s  and m ed ia  a s  low  a s  p o s s ib le  was 

i l l u s t r a t e d  in  a  re p o r t  by G uthrie e t  a l .  (1984)- They showed th a t  

LPS a t  10 ug ml”'"' was ab le  to  prim e PMNs to  re le a s e  up to  50$ more 

Og" a f t e r  s t im u la t io n  w ith  fMLP, PMA or f ix e d  immune com plexes. 

T h e ir  work d e m o n s tra te d  t h a t  t h i s  e f f e c t  r e q u i r e d  a t  l e a s t  30 

m in u te s  in c u b a t io n  a t  37°C w ith  LPS t o  be o b se rv ed . W h ils t 

c o n d u c tin g  th e  p r im in g  e x p e r im e n ts  d e s c r ib e d  h e re  th e  PMNs w ere 

in c u b a te d  a t  4°C f o r  o n ly  15 m in u te s , w hich  w ould e x p la in  why 

com paratively  l i t t l e  LPS p rim ing  occurred in  t h i s  work. However, 

a l l  th e  reag en ts  used were m ain tained  s t e r i l e  to  avoid the  b u ild 

up  o f  e n d o to x in , and hence p re v e n t  h ig h  back g ro u n d s due to  i t s  

prim ing  e f fe c t .
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A number o f observ a tio n s  suggest th e  id e n t i ty  o f th e  fa c to r  to  be 

TNF. The tim e course fo r  i t s  p roduction  as i l l u s t r a t e d  in  F igure 

29, i s  c o n s i s t e n t  w ith  t h a t  o f  TNF (B u rc h e tt  e t  a l .  1988). In  

a d d i t io n ,  th e  e f f e c t  o f  PMN-PF on n e u t r o p h i l s  i s  v e ry  s i m i l a r  to  

th e  r e p o r te d  e f f e c t s  o f  TNF. S h a lab y  e t  a l .  (1985) d e m o n s tra te d  

th a t  rhTNF a lpha  and TNF b e ta  were ab le  to  enhance th e  a b i l i t y  o f 

human n e u t r o p h i l s  to  p h ag o cy to se  u n o p so n ised  l a t e x  b ead s  a f t e r  

e x p o su re  o f  th e  c e l l s  t o  th e  m onokine f o r  20 m in u te s . They a l s o  

found  t h a t  TNF s t im u la te d  a n tib o d y  depen d en t c e l l  m ed ia ted  

c y t o t o x i c i t y  (ADCC) to  SRBCs, and su g g e s te d  t h a t  t h i s  was due to  

enhanced PMN o x id a tiv e  m etabolism .

F urther to  t h i s ,  Berkow e t  a l .  (1987) showed th a t  p re in cu b a tio n  o f 

PMN w ith  rhTNF a t  c o n c e n t r a t io n s  g r e a t e r  th a n  10 U m l”  ̂ enhanced  

02~ by up to  278$ in  re sp o n se  to  fMLP. T his in c r e a s e  was due to  a  

more rap id  i n i t i a l  ra te .  S im ila r  to  the  r e s u l t s  p resen ted  h e re , no 

fu r th e r  prim ing e f f e c t  was achieved i f  th e  PMN was incubated w ith  

TNF f o r  lo n g e r  th a n  10 m in u te s . They a l s o  found t h a t  th e  

enhancem ent was n o t l o s t  when th e  c e l l s  w ere w ashed f o l lo w in g  

prim ing. Thus, th e  d a ta  o f Berkow i s  in  very  c lo se  agreem ent w ith  

t h a t  o b ta in e d  u s in g  MNC-CM. The r e s u l t s  o b ta in e d  w ith  rhTNF f o r  

th e  enhancem ent o f  ch em ilu m in escen ce  in  re sp o n se  to  ZAS and STZ 

(F ig u re s  33 and 35) show t h a t  above 10 U m l“ <' TNF in c re a s e d  

re s p o n se s  t o  b o th  s t i m u l i ,  w hich  i s  a l s o  in  a cco rd an ce  w ith  

B erkow 's d a ta . However, F ig u re  37 shows t h a t  a t  h ig h  TNF 

c o n c e n t r a t io n s ,  PMN ch em ilu m in escen ce  was s t im u la te d  d i r e c t l y ,  

w h ile  Berkow found  no d i r e c t  e f f e c t  o f  TNF on n e u t r o p h i l  02~" 

p roduction . This d iscrepancy  may be a  r e s u l t  o f th e  d i f f e r e n t  TNF
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p rep a ra tio n s  used, s in ce  many w orkers have dem onstrated th a t  th e  

m onokine d i r e c t l y  e f f e c t s  th e  ran g e  o f  PMN f u n c t io n s ,  n o ta b ly  

Tsujim oto e t  a l .  (1986b) who showed th a t  TNF alone s tim u la te d  0 ^ ~ ,

A number o f w orkers have in v e s t ig a te d  th e  mechanism o f PMN prim ing 

by TNF. A tk in so n  e t  a l .  (1988), who a ls o  found  0 ^ ~  p ro d u c tio n  

fo llo w in g  prim ing  and subsequent s tim u la tio n  w ith  fMLP, showed th a t  

fo llo w in g  prim ing  th e re  was a  change in  fMLP re c ep to rs  from a  low 

a f f in i t y  to  a  m oderate a f f i n i t y  s ta t e .  Receptor numbers, however, 

were u n a ffec ted  by TNF. As w ith  th e  work p resen ted  here , and th a t  

o f  Berkow, th e y  a l s o  found  t h a t  th e  o p tim a l t im e  f o r  p r im in g  was 

around 15 m inutes.

Using opsonised Zymosan as  a  s tim u lu s , KLebanoff e t  a l .  (1986) were 

ab le  to  b lock th e  prim ing  e f f e c t  o f TNF w ith  monoclonal a n tib o d ie s  

a g a in s t  th e  PMN C3bi r e c e p to r  (CR3). F u r th e rm o re , Gamble e t  a l .  

(1985) dem onstrated in c reased  n e u tro p h il  ad h eren ce  and e x p re s s io n  

o f  CR3 in  re sp o n se  to  TNF. These f in d in g s  h e lp  to  e x p la in  th e  

p r im in g  phenom ena to  a  ran g e  o f  s t i m u l i :  by in c r e a s in g  e i t h e r  

r e c e p to r  a f f i n i t y  (fMLP) o r e x p re s s io n  (CR3), th e  a c t i v a t i n g  

s ig n a ls  to  a  f ix e d  lig an d  co n cen tra tio n  w i l l  be g re a te r  p rov id ing  

th e  l a t t e r  i s  not l im it in g .

A ll  th e  r e p o r t s  on p r im in g  PMN w ith  TNF w ere co n d u cted  by

C. W hilst conducting
in cu b atin g  th e  c e l l s  w ith  th e  monokine a t  37

th e  p re lim in a ry  in v e s t ig a tio n s  in to  th e  p rim ing e f f e c t s  o f MNC-CM 

i t  was found th a t  p re in cu b a tio n  could be conducted a t  4°C w ithou t 

lo s s  o f th e  subsequent response. This f a c i l i t a t e d  th e  washing o f 

th e  PMN w ith o u t c a u s in g  them  to  clum p; t h i s  in  t u r n  e n ab le d  th e
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ch em ilu m in escen ce  to  he a s s e s s e d  in  PCS f r e e  medium, w hich  was 

found to  in c rease  chem ilum inescence by e lim in a tin g  th e  quenching 

e f f e c t  o f th e  serum. Therefore, p rim ing  a t  4°C fo llow ed  by washing 

was found  to  be f a r  more s a t i s f a c t o r y .  The im p l ic a t io n s  o f  t h i s  

a r e ,  how ever, im p o r ta n t .  The p r im in g  f a c t o r  m ust b in d  to  i t s  

re c ep to r a t  4°C, rem ain bound during  th e  washing procedure and then  

have a  r a p id  e f f e c t  when th e  c e l l s  a r e  warmed to  37°C such  t h a t  a  

re sp o n se  can  be o b se rv ed  10 m in u te s  a f t e r  a d d i t io n  o f  s t im u lu s  

(F ig u re  27)*

A lthough  c o n s id e ra b le  e v id e n c e  e x i s t s  to  s u g g e s t  t h a t  PMN-PF i s  

a c t u a l l y  TNF, o th e r  c a n d id a te  c y to k in e s  can n o t be d is c o u n te d . A 

la rg e  amount o f d a ta  has been published  c le a r ly  dem onstrating  th a t  

GM-CSF has p o ten t PMN prim ing  a c t i v i t i e s .

W eisbart e t  a l .  (1986) showed th a t  GM-CSF in c reased  high a f f in i t y  

fMLP r e c e p to r  e x p re s s io n  by a  f a c t o r  o f  th r e e  fo l lo w in g  a  5-15 

m inute exposure to  th e  grow th f a c to r ,  and th a t  t h i s  was accompanied 

by an 85^ in c r e a s e  in  c h e m o ta x is . S im i la r ly ,  Lopez e t  a l .  (1986) 

re p o r te d  t h a t  re c o m b in a n t human GM-CSF enhanced phagocytosis and 

ADCC by human n e u t r o p h i l s .  A lthough  th e  r o l e  o f  GM-CSF in  PMN 

p rim in g  i s  c l e a r ,  i t  i s  u n l ik e ly  t h a t  i t  i s  in v o lv e d  in  th e  

phenomenon d e s c r ib e d  in  t h i s  c h a p te r ,  s in c e  i t s  p ro d u c tio n  in  

mononuclear c e l l  c u ltu re s  does not begin  u n t i l  a f t e r  th re e  days of 

i n c u b a t i o n .  A ls o ,  E n g l i s h  e t  a l .  (1 9 8 8 ) d e m o n s t r a t e d  t h a t  

re c o m b in an t GM-CSF p rim ed  n e u t r o p h i l s  f o r  enhanced  o x id a t iv e  

responses to  fMLP, bu t only  when th e  c e l l s  were incubated  a t  37°C 

f o r  90 to  120 m in u te s , no e f f e c t  was o b serv ed  w ith  in c u b a t io n  a t
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4°C.

Another im portan t cy tok ine in  t h i s  prim ing phenomenom i s  IFN gamma. 

P e ru ss ia  e t  a l .  (1987) rep o rted  th a t  immune in te r fe ro n  had a  p o ten t 

s y n e rg is t ic  e f f e c t  in  th e  enhancement o f ADCC induced by IFN a lpha  

and b e ta  and o f  G-M-CSF. A lthough  o f  p o t e n t i a l  im p o rta n c e  in  

fu r th e r  a m p lif iy in g  PM  fu n c tio n s , i t  i s  u n lik e ly  th a t  IFN gamma 

was in v o lv e d  in  th e  p r im in g  d a ta  p re s e n te d  h e re ,  s in c e  an  e f f e c t  

w ith  IFN was o n ly  d e te c te d  a f t e r  in c u b a t in g  th e  PMN a t  37°C f o r  

more th an  fo u r hours.

Thus, i t  i s  h ig h ly  l i k e l y  t h a t  PMN-PF i s  TNF. I t  may th e r e f o r e  be 

deduced from  th e  d a ta  in  F ig u re  40 and t h a t  in  T able  4 t h a t  I f  i s  

ab le  to  in h ib i t  th e  p roduction  o f TNF. Obviously t h i s  suggestion  

w i l l  re q u ire  in v e s t ig a tio n  u s in g  s p e c if ic  assays fo r  TNF. However, 

th e  im p l ic a t io n s  f o r  th e  i n h i b i t i o n  o f  PMN-PF r e g a r d le s s  o f  i t s  

exac t n a tu re  a re  p o te n t ia l ly  im portan t. That Lf i s  ab le  to  in h ib i t  

th e  p roduction  o f a  fa c to r  which d ra m a tic a lly  enhances n e u tro p h il 

responses to  subsequent s t im u la tio n  may be re le v a n t in  th e  c o n tro l 

o f inflam m ation. The in h ib i t io n  o f p rim ing fa c to r  p roduction  could 

fu n c tio n  as  a  p ro te c tiv e  mechanism to  preven t excessive  n e u tro p h il 

a c t i v a t i o n  w hich  co u ld  be d e le te r io u s  ^ e  h o s t .  I f  L f does 

indeed in h ib i t  TNF p roduction , th en  th e  mechanism could be extended 

to  th e  c o n tro l o f chem otaxis to  an inflam m atory s i t e ,  s in ce  i t  has 

been  p ro p o sed  t h a t  TNF i s  in v o lv e d  in  d i r e c t i n g  PMN m ig r a t io n  to  

in fe c te d  t i s s u e s  (Ming e t  a l .  1987)*

W hilst conducting th e  in v e s t ig a tio n s  in to  th e  e f f e c t  of Lf on P M - 

PF production , i t  became apparen t th a t  some in d iv id u a ls ’ MCs were

174



n o t i n h i b i t e d  by L f (T ab le  4)« U n fo r tu n a te ly ,  a t  th e  t im e  o f 

w rit in g , fo llow -up  d a ta  was no t a v a ila b le  to  determ ine whether th i s  

re p re se n ts  a  tru e  d iffe re n c e  between in d iv id u a ls ’ responses to  Lf 

or a  v a r ia t io n  in  response w ith in  a  donor, w ith  some g iv in g  blood 

w h i l s t  t h e i r  MNCs w ere i n  an  u n re s p o n s iv e  s t a t e .  B roxm eyer and 

c o l l e a g u e s  h av e  r e p o r t e d  d a t a  w h ic h  c o u ld  s u p p o r t  e i t h e r  

s u g g e s tio n . As d is c u s s e d  in  C h ap te r 3, th e y  have shown t h a t  l a  

m o le c u le s  may f u n c t io n  a s  L f r e c e p to r s  (Broxm eyer and P la t z e r

1984), in  which case, c e r ta in  HLA-DR types might respond to  Lf and 

o th e r s  n o t. I f  t h i s  p ro v e s  to  be t r u e ,  th e n  th e  p ro p o sed  in  v iv o  

f u n c t i o n s  o f  L f a s  a  r e g u l a t o r  o f  in f l a m m a t io n  w o u ld  be  

q u e s t io n a b le ,  s in c e  su ch  a  m echanism  can  h a rd ly  a p p ly  to  one 

in d iv id a l  and n o t t o  a n o th e r .  B roxm eyer and P l a t z e r  (1984) have 

a lso  shown th a t  in h ib i t io n  o f GM-CSF production  in  mice by Lf was 

l o s t  i f  th e  a n im a ls  w ere in f e c te d  w ith  F r ie n d  L eukaem ia v i r u s .  

T h e re fo re , th e  o b se rv ed  v a r i a t i o n  o f  th e  i n h i b i t i o n  o f  PMN-PF 

p ro d u c tio n  by Lf c o u ld  r e f l e c t  i n  some way th e  h e a l t h  and immune 

s ta tu s  o f th e  in d iv id u a l a t  th e  tim e of donating  blood.

A th i r d  ex p lan a tio n  i s  a lso  provided by th e  work o f Broxmeyer and 

P la tz e r , who showed th a t  th e  in h ib i t io n  o f CSA production  by Lf was 

depen d en t upon th e  c o n c e n t r a t io n  o f  m onocytes u sed . At g r e a t e r  

th a n  105 m onocytes m l“  ̂ no i n h i b i t i o n  o c cu red , and v a r i a b le  

re s p o n se s  w ere o b se rv ed  a round  t h i s  c o n c e n tr a t io n .  They showed 

th a t  t h i s  phenomenon could be overcome by indom ethacin, and was due 

to  a  c o n c e n t r a t io n  d ep en d en t p ro d u c tio n  o f  PGE2 w hich  m asks th e  

e f f e c t  o f  L f. P r e l i m in a r y  i n v e s t i g a t i o n s  d e m o n s t r a t e d  no 

enhancement o f PMN-PF p roduction  by in c lu s io n  of indom ethacin in  to
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th e  MNC c u l t u r e s ,  and t h e r e f o r e ,  i t  was n o t u se d  in  su b se q u e n t 

e x p e r im e n ts . The ab sen ce  o f  in d o m e th a c in  c o u ld  e x p la in  th e  

v a r i a b le  r e s u l t s  o b ta in e d . O b v io u sly  f u r t h e r  e x p e r im e n ta t io n  i s  

req u ired  to  re so lv e  t h i s  is su e , ^y f in d in g  th e  ex p lan a tio n  to  th i s  

v a r i a t i o n  in  th e  re sp o n se  t o  L f , some in s i g h t  c o u ld  be g iv e n  in to  

th e  con troversy  surrounding  th e  v a rio u s  in h ib i to ry  e f f e c t s  o f Lf.

Summary

A f a c t o r  p roduced  w i th in  f i v e  h o u rs  o f  c u l tu r e  by IPS  s t im u la te d  

mononuclear c e l l s  was found to  enhance n e u tro p h il chem ilum inescence 

d r a m a t i c a l ly  in  re sp o n se  t o  zym osan a c t i v a te d  serum . T h is  PMN 

p r im in g  f a c t o r  (PMN-PF) was found  to  have o p t im a l  e f f e c t  a f t e r  

p re in cu b atio n  o f th e  n e u tro p h ils  fo r  15 m inutes a t  4°C, and was not 

l o s t  by washing th e  c e l l s .  This could be d u p lica ted  by recom binant 

human tum our n e c r o s i s  f a c t o r .  The k in e t ic s  o f PMN-PF se c re tio n , 

c o m b in e d  w i t h  i t s  e n h a n c i n g  e f f e c t s  on  n e u t r o p h i l  

c h em ilu m in e sc en c e , w ould s u g g e s t  i t s  i d e n t i t y  to  be TNF. L f was 

found to  in h ib i t  PMN-PF p roduction  from some in d iv id u a ls ' MNCs, bu t 

not from o th e rs . This would im ply th a t  Lf in h ib i t s  TNF production ; 

however, th e  reasons fo r  th e  v a r ia b le  e f f e c ts  rem ains unanswered.
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CHAPTER SIX.

CONCLUSIONS: LACTOFERRIN AS A NEGATIVE FEEDBACK REGULATOR IE THE

CONTROL OF INFLAMMATION

The work d iscu ssed  in  th e  p reced ing  ch ap te rs  dem onstrated th a t  Lf, 

re le ase d  from th e  secondary g ranu les  o f phagocytosing n e u tro p h ils , 

i s  a b le  to  i n h i b i t  a  v a r i e t y  o f  m ononuclear c e l l  f u n c t io n s  in  

re sp o n se  to  a  ran g e  o f  s t i m u l i .  The c u r r e n t  u n d e rs ta n d in g  o f  

mononuclear c e l l  p r o l i f e r a t io n  has revealed  a  complex netw ork o f 

i n t e r a c t i n g  c y to k in e s ,  p a s s in g  p o s i t i v e  and n e g a t iv e  s ig n a l s  

between p a r t ic ip a t in g  c e l l s .  When considered  in  th e  w ider co n tex t 

o f inflam m ation , th e  sce n a rio  becomes much more complex. This i s  

in  p a r t  due to  th e  p le o tro p ic  n a tu re  o f a  number o f f a c to r s ,  namely 

those  of c e n tr a l  im portance to  inflam m ation , IL-1 and TNF.

The i n h i b i t i o n  o f  m ononuclear c e l l  p r o l i f e r a t i o n  in  re sp o n se  to  

m itogens and a llo -a n tig e n s  by a  s in g le  f a c to r ,  Fe-L f, i s  probably  

due to  in h ib i t io n  o f a  common mechanism. The d a ta  in  Chapter 4 has 

dem onstrated an e f f e c t  o f Lf on IL-1 p roduction , and in  Chapter 5, 

o f a  monocyte deriv ed  n e u tro p h il p rim ing fa c to r  which i s  probably 

TNF. B oth o f  th e  m onokines a r e  p roduced  in  re sp o n se  to  th e  same 

s t im u lu s ,  a lth o u g h  t h e i r  p ro d u c t io n  i s  m o d u la ted  by d i f f e r e n t  

mechanisms (B urchett e t  a l .  1988). B urchett dem onstrated  th a t  LPS- 

s tim u la te d  monocytes ra p id ly  produce and s e c re te  TNF from a  pool o f 

p re -e x is te n t  mRNA. IL-1 (as d iscussed  in  Chapter 4) i s  se c re te d  by 

monocytes in  response to  LPS, b u t u s u a lly  rem ains c e l l  a sso c ia ted . 

They s u g g e s t  t h a t  th e  r a p id  s e c r e t i o n  o f  TNF may a m p lify  IL-1 

p roduction  and i t s  lo c a l  e f f e c ts .  This i s  supported  by D in are llo
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e t  a l .  (1986), who d e m o n s tra te d  t h a t  rTNF a lp h a  s t im u la te d  IL-1 

p ro d u c tio n  from  human MNCs in  v i t r o . Thus, i t  may he su g g e s te d  

t h a t  TNF (o r a  s i m i l a r  c y to k in e )  i s  th e  c e n t r a l  f a c t o r  b e in g  

in h ib ite d  by Lf. The dem onstrated e f f e c t s  o f Lf on IL-1 production  

in  LPS s tim u la te d  MNC c u ltu re s , and on IL-2 in  crowded MLCs, could 

a l l  be due to  i n h i b i t i o n  o f  TNF. E v idence  to  s u p p o r t  t h i s  

s u g g e s t io n  was r e c e n t ly  p u b lis h e d  by Shalaby e t  a l .  (1988). They 

were ab le  to  d e te c t  TNF a lp h a  in  one-way MLC su p ern a tan ts  w ith in  

one hour a f t e r  i n i t i a t i o n  o f th e  c u ltu re s , which reached a  peak by 

fo u r  h o u rs . In  a d d i t io n ,  th e y  found  t h a t  rTNF a lp h a  and b e ta  

increased  ex p ress io n  o f IL-2 re c e p to rs  on th e  responding c e l l s  in  

th e  MLC. A d d itio n  o f  TNF a lp h a  o r b e ta  to  MLCs in c re a s e d  ^H-TdR 

in co rp o ra tio n  by up to  s ix  tim es. Their in v e s t ig a tio n s  led  them to  

s u g g e s t t h a t  TNF a lp h a  s e c r e t i o n  may f u n c t io n  a s  th e  i n i t i a t i n g  

c y to k in e  in  MLC. The enhancem ent o f  MLC by TNF c o u ld  a ls o  be due 

to  an  in c r e a s e  in  HLA-DR e x p re s s io n  on T c e l l s  i n  re sp o n se  t o  th e  

m onokine (S cheurich  e t  a l .  1986).

F u r th e r  e v id en c e  to  s u p p o r t  t h a t  TNF i s  th e  c e n t r a l  f a c t o r  b e in g  

a f fe c te d  in  th e  MLC by Lf i s  provided in  a  paper by Yokota e t  a l .  

(1988). They dem onstrated th a t  rTNF a lp h a  d i r e c t ly  enhances T c e l l  

p r o l i f e r a t io n  in  response to  an tig en s  and m itogens in  th e  absence 

o f  AC. However, when AC w ere p r e s e n t  (p a ra fo rm a ld e h y d e  f ix e d  

an tig en  b ea rin g  macrophages), th e  enhancem ent o n ly  o c c u rre d  when 

th e  c e l l s  w ere c u l tu r e d  in  f l a t  bo tto m ed  w e l ls .  When th e  

experim ents were repeated  in  RBWs, T c e l l  p r o l i f e r a t io n  was much 

h ig h e r  and co u ld  n o t be enhanced  by a d d i t io n  o f  exogenous rTNF- 

alpha. This phenomenon i s  very  s im ila r  to  th a t  re p o rted  here  fo r



th e  MLC, and may he e x p la in e d  by th e  e n fo rc e d  c o n ta c t  b e tw een  

macrophages and T c e l l s  r e s u l t in g  in  the  in d u c tio n  o f INF s e c re tio n  

by th e  form er.

The a c t io n s  o f  TNF a re  v e ry  s i m i l a r  to  th o s e  o f  IL -1 , w hich has  

been c le a r ly  shown to  be in h ib i te d  by Lf. T herefore, th e  p o te n t ia l  

consequences fo r  th e  in h ib i t io n  o f e i th e r  monokine, by I I  re le ase d  

a t  an inflam m atory lo cu s, w i l l  be s im ila r .  For example, bo th  TNF 

a lp h a  and IL-1 have b een  shown to  enhance lym phocy te  a d h e s io n  to  

human u m b i l i c a l  v e in  e n d o th e l i a l  c e l l s  (Cavender e t  a l .  1987), 

augment p r o l i f e r a t io n  and d i f f e r e n t ia t io n  o f h ig h ly  p u r if ie d  human 

B c e l l s  ( j e l i n e k  and Lipsky 1987a), in c rease  n e u tro p h il adhesion 

to  e n d o th e lia l c e l l s  (Pohlman 1986) and s tim u la te  GM-CSF production  

from e n d o th e lia l c e l l s  (Broudy e t  a l .  1987; Munker e t  a l .  1986) and 

from f ib r o b la s ts  (Zucali e t  a l .  1988; Zucali e t  a l .  1986).

When th e  even ts a re  considered  s e q u e n tia lly  in  th e  con tex t o f th e  

h ost response to  in fe c t io n , th e  im portance o f an in h ib i to r  o f IL-1 

and /or TNF becomes apparen t. The invasion  o f p e r ip h e ra l t i s s u e s  by 

a  b a c te r ia l  pathogen r e s u l t s  in  th e  a c t iv a tio n  o f lo c a l  macrophages 

by r e le a s e d  e n d o to x in . T h is  s t im u la t e s  th e  c e l l s  t o  s e c r e t e  TNF 

and IL -1, which s tim u la te  lo c a l  e n d o th e lia l c e l l s  and f ib r o b la s ts  

to  s e c r e t e  co lo n y  s t i m u l a t i n g  f a c t o r s  and become a d h e s iv e  f o r

n e u tro p h ils  and lym phocytes. The CSFs may them selves a c t  lo c a l ly
\

by enhancing n e u tro p h il f u n c t io n s  such  a s  a d h e s io n  and o x id a t iv e  

m etabolism  (as d iscussed  in  Chapter 5) or e x h ib it  d i s t a l  e f f e c t s  on 

th e  bone marrow to  in c rease  haem atopoiesis (review ed by C ann istra  

and G r if f in  1988). In  a d d itio n , TNF alone could induce chem otaxis
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o f n e u tro p h ils  and monocytes to  th e  s i t e  o f in fe c t io n  (Ming e t  a l .  

1987) and enhance th e  neu troph ils*  k i l l i n g  c ap ac ity  (Shalaby e t  a l .

1985)* Thus, th e  i n h i b i t i o n  o f  e i t h e r  TNT1 o r IL-1 by i f  r e le a s e d  

from  n e u tro p h ils  a t  an inflam m atory  s i t e ,  could p o te n t ia l ly  lead  to  

a  r e d u c t io n  in  th e s e  r e l a t e d  phenom ena and hence in tro d u c e  a  

c o n t r o l  m echanism  i n  th e  p ro c e s s ;  th e re b y  p re v e n t in g  e x c e s s iv e  

n e u t r o p h i l  a c c u m u la tio n  and a c t i v a t i o n ,  w hich i f  a llo w e d  to  

continue unchecked could be p o te n t ia l ly  very  harm ful.

A re p o r t by K oivuranta-V aara e t  a l .  (1987) has provided evidence in  

s u p p o r t  o f  t h i s  p ro p o sed  n e g a t iv e  fe e d b ac k  m echanism . They 

d e m o n s tra te d  t h a t  LPS s t im u la te d  n e u tro p h ils  to  re le a s e  Lf. The 

am ount o f  L f r e le a s e d  was m ark ed ly  enhanced when m onocytes w ere 

added to  th e  PMN su sp e n s io n . The o b serv ed  e f f e c t  o f  LPS on 

n e u t r o p h i l s  was s e c o n d a ry  t o  th e  e n d o to x in  s t i m u l a t i n g  m onocyte 

s e c r e t i o n  o f  TNF a lp h a , w h ich  th e n  in d u ced  d e g r a n u la t io n  by th e  

PMN. Thus i t  co u ld  be a rg u ed  t h a t  TNT1 p roduced  a t  a  s i t e  o f  

in fe c tio n  could m odulate i t s  own production  by inducing  th e  re le a se  

o f  L f from  a r r i v i n g  n e u t r o p h i l s .  There i s  no d a ta  a v a i l a b le  

in d ic a tin g  w hether th e  Lf re le a se d  in  response to  TNT1 i s  c a rry in g  

i r o n  or n o t.

At th e  tim e o f w r it in g  th e re  a re  no re p o r ts  concerning in h ib i to r s  

o f  TNT1. However, i n h i b i t o r s  o f  IL-1 and 2 have b een  d e m o n s tra te d . 

The m a jo rity  o f re p o r ts  have focused on in h ib i to r s  o f In te r le u k in s  

in  pregnancy, where immune suppression  would obviously  be d e s ira b le  

to  p re v e n t  r e j e c t i o n  o f  th e  f o e tu s .  Domingo e t  a l .  (1985) 

d e m o n s tra te d  t h a t  p reg n an cy  serum  was a b le  t o  i n h i b i t  T c e l l  

p r o l i f e r a t i o n  in  re sp o n se  to  PHA and to  a l lo g e n e ic  c e l l s .  They
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showed th a t  th i s  was due to  th e  serum in h ib i t in g  IL-2 p roduction  in  

MID. There i s  'evidence to  show th a t  n e u tro p h il a c t iv a t io n  occurs 

in  p reg n an cy  (M aallem  and F le tc h e r  1980), w hich  i s  l i k e l y  to  

in c r e a s e  th e  serum  Lf l e v e l .  However, Domingo e t  a l .  in c u b a te d  

t h e i r  MLCs in  FBWs, c o n d i t io n s  w hich  (a c c o rd in g  to  th e  d a ta  in  

Chapter 3) a re  in a p p ro p ria te  to  dem onstrate in h ib i t io n  by Lf; th i s  

suggests th a t  t h e i r  in h ib i to r  was some o ther fa c to r .

An in h ib i to r  o f IL-1 a c t i v i t y  has been is o la te d  from th e  u rin e  o f 

p re g n a n t women and was te rm e d  U rom odulin  by Muchmore (1986). 

U rom odulin  was found  to  be a  h e a v i ly  s ia ly la te d  g ly c o p r o te in  o f  

m o le c u la r  w e ig h t 85 Kda. The m o lecu le  was shown to  b in d  to  IL-1 

w ith  high a f f i n i t y  and down re g u la te  the  a c t i v i ty  o f th e  monokine 

in  a  c la s s ic  LAF assay.

A nother IL-1 i n h i b i t o r  h a s  b een  re p o r te d  by S e c k in g e r e t  a l .  

(1987)* T h is  i s  o f  m o le c u la r  w e ig h t 18-25 Kda, and was found  in  

th e  u r in e  o f  p a t i e n t s  w ith  m o nocy tic  le u k a e m ia  o r f e b r i l e  

co n d itio n s . Unlike th e  ro le  p o s tu la ted  fo r  Lf, t h i s  in h ib i to r  was 

s p e c if ic  fo r  IL-1 and d id  no t a f f e c t  th e  a c tio n  o f TNF on c u ltu re d  

human f ib r o b la s ts .

An i n h i b i t o r  o f  th e  a c t i o n  o f  IL-1 h as  b een  found  in  human

p e r ip h e ra l blood n e u tro p h ils  (Tiku e t  a l .  1986). This was re leased

from  PMN in c u b a te d  f o r  18 h o u rs  w ith  zym osan o r from  s o n ic a te d

c e l l s .  Gel f i l t r a t i o n  o f  i n h i b i t o r  c o n ta in in g  s u p e r n a ta n ts

revealed  a c t i v i t i e s  w ith  m olecular w eights o f approxim ately  70 and
1

160 Kda. In h ib ito ry  su p e rn a tan ts  were s p e c if ic  fo r  IL -1 , having no 

e f f e c t  on IL -2  s t im u la te d  p r o l i f e r a t i o n  o f  CTLL c e l l  l i n e s .  The
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in h ib i to r  func tioned  by b lock ing  th e  e f f e c t  o f IL-1 in  th e  c la s s ic  

LAF a s sa y . I t  i s  c o n c e iv a b le  t h a t  t h e i r  70 Kda i n h i b i t o r y  f a c t o r  

was L f, s in c e  B roxm eyer e t  a l .  (1978) o b ta in e d  a c t i v e  Lf from  

d is r u p te d  ( f r e e z e / th a w e d )  n e u t r o p h i l s ,  w h i l s t  in c u b a t io n  w ith  

zymosan could be considered  analogous to  th e  p re p a ra tio n  o f PNCM 

d e ta i l e d  in  t h i s  r e p o r t .  I t  i s  a l s o  p o s s ib le  t h a t  th e  160 Kda 

f r a c t i o n  was th e  d im e r, a s  p o s tu la te d  by Bagby e t  a l .  (1982). 

Although Bagby showed th a t  Lf polym ers were in a c tiv e  as in h ib i to r s  

o f CSA production , th e  fu n c tio n  measured by Tiku may be a ffe c te d  

by d im eric  I f .

Tiku found th a t  th e  n e u tro p h il derived  in h ib i to r  blocked th e  e f f e c t  

o f  IL-1 in  th e  c l a s s i c  LAF a s s a y , and s u g g e s te d  t h a t  t h i s  was due 

to  th e  i n h i b i t o r  b in d in g  and d e a c t iv a t in g  e i t h e r  IL-1 o r i t s  

r e c e p to r .  However, when L f was added w ith  IL-1 to  EL4-N0B.1 

(Chapter 4) no in h ib i t io n  was observed. This apparen t d iscrepancy 

b e tw een  th e  f in d in g s  o f  T iku  and th o s e  r e p o r te d  h e re  can  be 

e x p la in e d  in  one o f  tw o w ays. The m ost o b v io u s  o f  th e s e  i s  t h a t  

T iku was n o t  d e a l in g  w ith  L f; how ever, a s  i t  was p re s e n t  in  

n e u t r o p h i l s ,  was r e le a s e d  by p h a g o c y to s is  o r d i s r u p t io n  o f  th e  

c e l l s  and had a  m o le c u la r  w e ig h t o f  a round  70 KDa, t h i s  w ould 

s u g g e s t  t h a t  i t  c o u ld  in d e e d  be  L f. N e v e r t h e l e s s ,  T ik u 's  

su p ern a tan ts  would undoubtedly co n ta in  L f. These c o n c e n t r a t io n s  

w ould have been  c o n s id e ra b ly  h ig h e r  th a n  th o s e  u sed  h e re . They 

p re p a re d  th e  i n h i b i t o r  from  5 x 10 PMNs w hich  w ere  e i t h e r  

in c u b a te d  f o r  18 h o u rs  o r s o n ic a te d ,  a s  com pared to  10^ PMNs 

incubated w ith  C g u illie rm o n d ii fo r  30 m inutes in  t h i s  re p o rt. I t  

i s  q u ite  conceivable th a t  h igher co n cen tra tio n s  o f Lf would in h ib i t
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the action  of IL-1.

I t  i s  h ig h ly  l i k e l y  t h a t  L f b in d s  to  IL -1 , s in c e  Muchmore and 

D ecker (1987) showed t h a t  th e  b lo c k in g  o f  IL-1 a c t i v i t y  by 

urom odulin was dependent on in ta c t  g ly c o sy la tio n  o f th e  in h ib i to r ,  

and th a t  b in d in g  o f urom odulin to  IL-1 could be blocked by L -linked  

o lig o sacch arid es  or m onosaccharides. This led  them to  suggest th a t  

IL-1 was b e h av in g  s i m i l a r l y  t o  an endogenous l e c t i n .  The 

carbohydrate s t ru c tu re  on urom odulin re sp o n sib le  fo r  b ind ing  IL-1 

appeared to  be a  complex, mannose r ic h , h eav ily  s ia ly la te d m o le c u le . 

Spik e t  a l .  (1985) in v e s tig a te d  th e  p rim ary  s t ru c tu re  o f g lycans on 

L f and d e m o n s tra te d  t h a t  th e y  a r e  in v o lv e d  in  th e  r e c o g n i t io n  o f 

macrophage membrane le c t in s .  Thus, th e  glycan re s id u es  on Lf could 

p o te n t ia l ly  recogn ise  and bind to  th e  l e c t in  l ik e  s tru c tu re s  on IL -

1. I t  may th e r e f o r e  be s u g g e s te d  t h a t  L f does b in d  to  IL-1 and 

t h a t  a t  h ig h  Lf c o n c e n t r a t io n s  i t  i n h i b i t s  IL-1 a c t i v i t y  and may 

th e re fo re  block  system ic  e f f e c ts .  At low c o n cen tra tio n s , Lf could 

i n h i b i t  th e  p ro d u c tio n  o f  IL-1 from  m onocytes and p ro v id e  a  

negative  feedback fo r  lo c a l  e f f e c t s  as d iscussed .

The dem onstration  th a t  Lf in h ib i t s  p roduction  o f IL-1 and p o ss ib ly  

TNL co u ld  l i n k  many o f  i t s  v a r io u s  r e p o r te d  f u n c t io n s .  The 

co n seq u en t i n h i b i t i o n  o f  IL -2  p ro d u c tio n  co u ld  e x p la in  th e

in h ib ito ry ' e f f e c t s  o f Lf on n a tu ra l  k i l l e r  c e l l  a c t iv a t io n  (N ishiya
\

and H o rw itz  1982). The i n h i b i t i o n  o f  a n tib o d y  fo rm a tio n  by Lf 

(Duncan and M cArthur 1982) co u ld  a l s o  be e x p la in e d  by e f f e c t s  on 

IL -1, s in ce  B c e l l  a c t iv a t io n  can be s tim u la te d  e i th e r  d i r e c t ly  or 

i n d i r e c t l y  ( v ia  T c e l l s )  by IL -1 . C o n sid ered  to g e th e r  w ith  th e
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e f f e c t s  o f  IL-1 and LNF on G-M-CSF p ro d u c tio n  by f i b r o b l a s t s  and 

e n d o th e lia l c e l l s  as  p rev io u s ly  d iscussed , Lf has th e  p o te n t ia l  to  

f u n c t io n  a s  a  p o te n t  n e g a t iv e  feedback  re g u la to r  in  inflam m ation  

and im m u n ity , p a r t i c u l a r l y  s in c e  i t  i s  d e l iv e r e d  t o  th e  s i t e  o f  

i n f e c t i o n  by n e u t r o p h i l s  re sp o n d in g  to  in f la m m a to ry  m e d ia to rs .  

Whether th e se  p o s tu la te d  fu n c tio n s  can be dem onstrated in  in  vivo 

experim ents rem ains to  be seen. F u rth er work i s  obviously  req u ired  

s in ce  l i t t l e  consensus o f op in ion  has been reached over the  ro le  o f 

l a c to f e r r in  a f t e r  10 y ears  o f resea rch .
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Appendix 1: B uffers and Media

a ) B uffers fo r  L a c to fe rr in  ELISA

1. B icarbonate Coating, b u ffe r  pH 9*6 

Stock so lo u tio n  : (s to red  a t  4°C)

Na2C0;5 31.8  g l~ 1

NaHCO  ̂ 58.6 g l” 1

D ilu te  1 :20 w i th  d i s t i l l e d  w a te r  f o r  u se  ( a d ju s t  to  

pH9.6).

2. Conjugate B uffer, (Borate s a lin e )  pH 8.6 (S tore 4°C)

B oric ac id  5*5 g l“ 1

Sodium te tr a b o ra te  9*54 g l” 1 

NaCl 29-22 g l " 1

3. Phosphate b u ffe red  s a l in e  (PBS) pH7*4.

Stock so lu tio n  : (s to red  a t  4°C)

NaCl 80 g l~ 1

KC1 2 g l“ 1

Na2HP04 11.5 gl~^ -  D issolve f i r s t

KH2P04 2 g l“ 1

D ilu te  1:10 w ith  d i s t i l l e d  w ater fo r  use.

4- Washing b u ffe rs :

i )  PBS wash b u ffe r  ~ PBS co n ta in in g  0.01# w/v g e la t in ,  

0.1# v /v  Tween 20, p repare  f r e s h  each tim e.

i i )  B o ra te  w ash b u f f e r  -  B o ra te  s a l in e  co n ta in in g  0.1# 

v /v  Tween 20 (s to re  4°C).
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b) B uffers  and m edia fo r  leucocy te  p re p a ra tio n  

PBS-A:

PBS c o n ta in in g  1mg m l“  ̂ BSA, 1mM Ca C I2 and 0.7mM Mg Cl 2 - 

cRPMI:

RPMI 1640 c o n t a i n i n g  2mM L -G rlu ta m in e , 100 IU m l“  ̂

p e n ic i l l in ,  100 ug ml"^ s trep tom ycin  and 10^ v /v  F o e ta l c a l f  

serum.

186



■M

Appendix 2. Reagents and P la s t ic  D isposables

A ll  l e s s  s p e c i a l i s e d  r e a g e n ts  w ere o b ta in e d  from  BDH L im ite d . 

D e ta ils  o f th e  s u p p lie rs  a re  l i s t e d  a t  th e  end o f t h i s  appendix.

R eagents:

Reagent Catalogue No.

A ctivated  Charcoal

A n ti la c to fe r r in

A vidin-peroxidase conjugate

Bovine serum albumin

Concanavalin A

Cyanogen bromide a c tiv a te d  
Sepharose 4B

D iff  Quick

Dimethy sulphoxide

E th y len ed iam in e te tra - 
a c e t ic  ac id  (EDTA) 
D ipotassium  s a l t

F eo ta l c a l f  serum

Ferrous ammonium su lp h ate

G ela tin

L-Glutamine

Indomethacin

In te rle i^k in  2

L a c to fe rr in

L a c to fe rr in  Standard

L ipopolysaccharide from 
E .c o li  sero type  005»B5

Lucegenin

53204

A186

622521

A9543

C7275

C9142

130832

103234L

ED2P

P4010

P3754

G2625

16-801-49

17378

663581

L8010

(d iscon tinued)

L2880

M8010
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S upp lier

BDH

D ako-Patts 

ICN Biomedical 

Sigma 

Sigma

Sigma

Merz and Dade 

BDH

Sigma

Sigma

Sigma

Sigma

Plow Labs

Sigma

Boehringer

Sigma

Calbiochem

Sigma

Signa



lymphocyte S epara tion
Medium 16-922-54

2-M ercaptoethanol M6250

Mitomycin C M0503

Mono-Poly R esolving
Medium 16-980-49

N u trie n t Broth No.2 CM67

P e n ic illin /S tre p to m y c in  16-700-49

Phosphate b u ffe r  s a l in e
ta b le t s  28-103-05

Phytohem agglutinin L 8754

Ready P ro te in  s c i n t i l l a t i o n  
c o ck ta i1 158727

RPMI 1640 12-602-54

S a l ic y l ic  ac id  S3007

Sigmacote SL-2

Trizma Base T1503

Trypan Blue T6146

Tween 20 P1379

Zymosan A ZA4250

Radio Chemicals:

^E-Thymidine 

^H-Uridine 

59jte ammonium su lp h a te

P la s t ic  D isposables:

Cryotubes 3-6656A

50ml t is s u e  c u ltu re  f la s k s  3010

TRK61 

TRK410 

I P .19

Plow Labs 

Signa 

Sigma

Plow la b s  

Gxoid 

Plow Labs

Plow Labs 

Sigma

Beckmann

Plow Labs

Sigma

Signa

Sigma

Signa

Sigma

Sigma

Amersham

Amersham

Amersham

Gibco Nunc 

Paleon
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250ml t i s s u e  c u ltu re  f la s k s 5025 Falcon

0 .2  urn m in i f i l t e r s  

100 urn P e tr i  d ish es

64-001-04 Flow Labs

1029 Falcon

96 w ell m ic ro e liz a  p la te s M129B Dynatech

12 w ell t i s s u e  c u ltu re  
c lu s te r s C2512 C ostar

96 w ell t is s u e  c u ltu re  
c lu s te r s  FBW C5598 Costar

96 w ell t is s u e  c u ltu re  
RBW

C5799 Costar

2 ml polypropelene v ia l s 72.694 S a rs te d t

S u p p lie rs :

Amersham In te rn a tio n a l  p ic ,  Buckinghamshire, UK. (020404 ) 4444

BDH L td, Hampshire, U.K. (0705) 619171

Beckman -  RI1C L td , Buckinghamshire, UK. (0494) 41181

BCL, Beohringer Mannheim, E ast Sussex, UK. (0275) 471611

Calhiochem, Cambridge, UK. (0225) 516855

C o s ta r .  D i s t r i b u t o r s :  N o r t h u m b r i a  B i o l o g i c a l s  L t d ,
Northumberland UK. (0670) 752992

Dako P a tts  L td , Buckinghamshire, UK. (0494) 452016

Dynatech L ab o ra to rie s  L td , Sussex, UK. (0405) 814565

Falcon Becton D ickinson UK Ltd, Oxford, Uk. (0865) 777722

Flow L ab o ra to rie s  L td , H e rtfo rd sh ire , UK. (0925) 774666

G-ibco Nunc L td, P a is le y , UK. (041-889) 6100

ICM Biom edical, Buckinghamshire, UK (0494) 445826

Oxoid L td, Hampshire, UK. (0256) 841144

Signa Chemical Company L td , D orset, UK. (0202) 755114
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