
 

INTRODUCTION 

Chairman & Rapporteur  Dr  J o n  Pr i t cha rd  

Cl in i ca l  rev i ew o f  LC I I  in  Chi l dre n  v s  A d ul t s  -  

Dr s  Valerie  Broadbent  and Tony Chu.  

Dr Broadbent  descr ibed the cl inical  spectrum of LCH in children.  

Bones,  then skin, are commonly affected,  then lung, lymph nodes, 

pituitary gland, l iver,  spleen, bone marrow, gut including mouth, 

retro-orbi ta l  t i ssues,  brain,  thyroid and pancreas .  Muscle,  k idney 

adrenal ,  gonad  and  eye  invo lvement  have  no t  ye t  been  repor ted .  

Growth re tardat ion (not  necessar i ly due to  GH defic iency)  was a  

f ea tu r e  i n  some  cases ,  and  occas iona l l y  t he  p r e sen t ing  fea tu r e .  

Complete heal ing sometimes takes many months or  years but  "late 

e f f e c t s "  w e r e  s e e n  a f t e r  a c t i v e  d i se a s e  h a d  " b u r n t  i t s e l f  o u t " .  

D i a b e t e s  i n s i p i d u s  w a s  r e l a t i v e l y  c o m mo n  a n d  l u n g  a n d  l i v e r  

fibrosis also occurred.  

Treatment depends on the extent  of disease and symptomatology.  

Chi ld ren  may no t  need  t r ea tment ,  l oca l  t r ea tment  ( in t r a les iona l  

s t e r o id s ,  t op i ca l  mus t i ne  o r  ( r a r e ly )  r a d io the r apy)  o r  sy s t e mic  

t reatment ,  wi th  or  wi thout  local  t reatment .  Establ i shed systemic 

therapies include corticosteroids and chemotherapy particularly 

e topos ide/vinblas t ine;  exper imental  systemic t reatments  include  

cyc lo spo r in  A ,  i n t e r fe r on - a ,  i ndome thac in  ( fo r  bone  pa in )  and  

b o n e  m a r r o w  t r a n s p l a n t a t i o n .  G e n e r a l l y  s p e a k i n g ,  s y s t e m i c  

t r ea tment  i s  now monotherapy  ra ther  t han  combina t ion  therapy;  

a )  b e c a u s e  t h e  c u r r e n t  v i e w  t h a t  L C H  i s  a  " r e a c t i v e "  

condit ion,  not  a malignancy and  

b )  because the response ra te to combination chemotherapy 

d o e s  n o t  s e e m  t o  b e  b e t t e r  t h a n  t h e  r e s p o n s e  r a t e  t o  

monotherapy.  

In 1991, the Hist iocyte Society' s  LCH 1 trial started. I t  involves a 

pulse  of  h igh dose  s teroids  (methylprednisolone -  a l l  pat ients)  and 

a randomized compar ison between vinblast ine and e toposide,  each 

f o r  6  m o n t h s .  A l l  p a t i e n t s  w i t h  m u l t i s y s t e m  d i s e a s e  a n d  s o m e  
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w i t h  s i n g l e - s y s t e m  d i s e a s e  a r e  e l i g i b l e .  O u t c o m e  m e a s u r e s  

include; 

a )  r e s p o n s e  r a t e ,  

b )  r e c u r r e n c e  r a t e  a n d  

c )  incidence and type of " la te effects" especia l ly diabetes  

insip idus.  Already (5/92)  >90 pat ients  have been recrui ted .  There 

i s  a  t i ssue s torage programme.  

D r  C h u  d e s c r i b e d  t h e  d i s e a s e  i n  a d u l t s .  H e  p o i n t e d  o u t  t h a t  

"definitive" LCH has been described in adults of all  ages, even the 

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

a d u l t s  t e n d e d  t o  b e  r e f e r r e d  t o  " o r g a n  s p e c i a l i s t s "  e . g .  

de r ma to log i s t s ,  r e sp i r a to r y  ph ys i c i a ns  and  no t  t o  on co log i s t s .  

T h e r e  w a s  s o m e  d i f f e r e n c e  i n  e m p h a s i s  i n  t e r m s  o f  o r g a n  

invo lvement ,  adu l t s  hav ing  propor t iona te ly  l es s  invo lvement  o f  

the liver,  spleen and a higher percentage of lung involvement.  The 

treatment  approaches were simi lar  in adults and children.  Dr Chu 

has noted impressive,  all  be i t  anecdotal ,  responses to azathioprine 

in several  of his  pat ients.  

 

CLINICAL NEUROLOGY AND PATHOLOGY 

C h a i r m a n  &  R a p p o r t e u r  P r o f e s s o r  P e t e r  

B e v e r l y  

R e v i e w  o f  t h e  H i s t o p a t h o l o g y  o f  L C H  a n d  

a n  a n a l y s i s  o f  t h e  c l o n a l i t y  o f  t h e  l e s i o n s  -  
P r o f e s s o r  Blaise  Favara  

Professor Favara briefly reviewed the features of LCH lesions and 

discussed some of the problems raised by the histology.  The first  

d i f f i cu l t y  e nc oun t e r e d  i s  i n  de f i n i n g  t he  d i se a se  b u t  i t  i s  no w 

w i d e l y  a c c e p t e d  t h a t  a l t h o u g h  l e s i o n s  m a y  b e  p l e o m o r p h i c ,  

containing granulocytes, plasma cells ,  lymphocytes and giant cells,  

t h e  p r e s e n c e  o f  u n e q u i v o c a l  L a n g e r h a n s  c e l l s  i s  e s s e n t i a l .  

H i s t i o c y t e s  h a v e  v a r i a b l e  mo r p h o l og y  a n d  ma y  b e  d i f f i c u l t  t o  

distinguish from LC. Various cel ls may be S 100,  CD1a or  Birbeck  
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gr an u l e  po s i t i ve  t hou gh  t he  g i a n t  c e l l s  g en e r a l l y  l a c k  S  10 0  o r  

CD 1 a. LC are thought to originate from monocyte-like cells in the 

blood.  The lesions contain prol iferat ing cel ls  as indicated by Ki67 

a n d  P C N A  s t a i n i n g .  S t u d i e s  o f  D N A  c o n t e n t  i n d i c a t e  t h a t  t h e  

l e s ions  a re  d ip lo id .  At temp t s  t o  g row L C in  v i t r o  o r  nude  mice  

have been unsuccessful .  

T he  p a t ho l og y  o f  t he  l e s i on s  i s  i nd i ca t i v e  o f  c y tok in e  e f f ec t s ,  

including fibrosis and gliosis.  In the liver greatly enlarged Kupffer 

cel l s  are  seen.  There  i s  a  c l in ical  assoc ia t ion wi th  Hodgkins and  

n o n - H o d g k i n s  l y m p h o m a  a n d  p e r h a p s  l e u k a e m i a .  P r o f e s s o r  

Favara suggested an aetiological scheme for the evolution of LCH.  
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P r o f e s s o r  F a v a r a  r e p o r t e d  o n  D r  W i l l m a n ' s  s t u d y  o f  

clonality in six cases of LCH using Southern blotting of restriction 

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

enzymes .  Al l  cases  were  female  and  f rom the  Southwes tern  USA.  
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c a s e s  w e r e  f e m a l e  a n d  f r o m  t h e  S o u t h w e s t e r n  U S A .  4 / 6  w e r e  

HTLV II+. 

All six cases were apparently clonal. No oligo-clonal Ig gene or TCR 

r ear r angement s  wer e  de t ec t ed .  

I n  d i s c u s s i o n  t h i s  w a s  t h o u g h t  t o  b e  v e r y  i m p o r t a n t  d a t a  b u t  

s e v e r a l  q u e s t i o n s  w e r e  r a i s e d .  H ad  c o n t r o l  ma t e r i a l  f r o m t h e  

pat ients been analysed? Had clonali ty studies been performed on 

more than one lesion from a single pat ient?  Could c lonal  analysis 

be performed on sorted CD1a cel ls?  

I m m u n o h i s t o p a t h o l o g y  o f  L C H  -  P r o f e s s o r  P e t e r  

Isaacson  

Professor Isaacson briefly summarised earlier immunohistological  

results. LC have been described as CD1a+, CD2+, weakly CD5, 6 and 

7+, CD68+ and possibly also express lysozyme.  

The present  study included both frozen and paraffin mater ial .  LC 

were found to express CD 1 a, were 84% CD68+ and usually showed 

cytoplasmic staining with CD2 (100%) and CD3 (80%). They lack B 

c e l l  a n t i g e n s .  T h e  m a j o r i t y  o f  L C  l a c k e d  l y s o z y m e  t h o u g h  

o c c a s i o n a l  c e l l s  w e r e  w e a k l y  p o s i t i v e .  M a c r o p h a g e s  a n d  

eosinophils in the lesions wer e positive.  

5 -10% o f  LC expr es sed  PCNA and  i n  3  cases  where  f rozen  and  

paraffin mater ial  were both avai lable there was a good correlation 

with Ki67 expression.  This i s  a similar  proport ion to a  low grade 

lymphoma. 

When the APAAP method of  staining was used a high background 

w a s  f o u n d .  S u r p r i s i n g l y  a n  a n t i b o d y  t o  p l a c e n t a l  a l k a l i n e  

phosphatase (PLAP) s ta ined LC. Sta ining was s tronger  in frozen 

sections.  

T h e  r e s u l t s  c a n  b e  s u m m a r i s e d  a s  s h o w i n g  t h a t  L C  h a v e  a   

macrophage - l ike  phenotype  wi th  cytop lasmic  CD2 and  CD3,  t hey  
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are  p ro l i fe ra t ing  and  con t a in  p lacen t a l  a lka l i ne  phospha tase .  I t  

w a s  s u g g e s t e d  t h a t  m e a s u r e m e n t  o f  s e r u m  P L A P  m i g h t  b e  a  

measure of disease act ivi ty.  

Cytokine mRNA in  LCH les ions  -  George Kannourakis  

Dr  Kannouraki s  r ev iewed  h i s  work on  de tect ion  and  quan t i t a t ion 

of  cytokines  produced in  LCH.  The pleomorphism of  the  les ions 

r a i s e s  t h e  q u e s t i o n  o f  w h a t  c o n t r o l s  e n t r y  o f  c e l l s  t o  t h e m .  

Cytokines  are  l ikely to  be  impor tant .  CSF' s  regulate  survival  of  

progenitors in vitro, proliferation, differentiation and activation of 

mature cell function. In GM-CSF transgenic mice, there is excessive 

entry of macrophages into t issue.  

Assays  

Bioassays .  Conditioned medium of lymphocytes from LCH tissue 

s u p p o r t e d  g r o w t h  o f  e r y t h r o i d ,  m y e l o i d  a n d  m i x e d  c o l o n i e s ,  

suggesting the presence of IL -3 and GM-CSF. This was confirmed 

with blocking, antibodies. CSF production by sorted CD3+ cells does 

not  require in vi tro st imulat ion.  

D e t e c t i o n  o f  M e s s a g e  

I n  s i t u  h yb r i d i s a t i o n  f o r  m R N A  h a s  b e e n  d e v e l o p e d  b u t  o n l y  

preliminary data is  avai lable as yet.  For Northern blotting or PCR, 

RNA degradat ion i s  a  major  problem,  perhaps due to  re lease  of  

RNase in inflamed sites.  

PCR analysis for IL-1-6, GM-CSF, TNFa and IFNy has been carried 

out.  

IL-4 is strongly positive although serum IgE is not raised. GM -CSF 

is positive and an extra band is seen on Southern blotting the PCR 

p r o d u c t .  T h i s  i s  i n  t h e  c o d i n g  r e g i o n  a n d  o n l y  s e e n  o n  L C H  

samples .  IL -3  was  not  detected  by PCR but  the  pr imers  may not  

have been opt imal .  

In si tu  ant i - sense  o l igo probes showed IL -3 and IL-113 with  rare 

IL-4+ and GM-CSF+ cells. TNFa was positive on the giant cells. 
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A  syn the t i c  g i an t  r ibop robe  con t a in ing  10  cy tok ine  p r imer s  has  

been  cons t ruc t ed .  T h i s  w i l l  i n  fu tu re  a l low  quan t i t a t ion  o f  P CR 

amplified c DNA. 

Review of  Brain Histopathology  -  Wil l iam.  Hickey  

D r  H i c k e y  r e v i e w e d  t h e  h i s t o l o g y  o f  5  c a s e s  o f  L C H  h e  h a d  

obtained.  He discussed 3 cases in detail .  

C a s e  1 .  D i e d  o f  p n e u m o n i a  a f t e r  a  1 6  y e a r  h i s t o r y .  T h e  b r a i n  

s h o w e d  t h i c k e n i n g  o f  t h e  p o n s  b u t  n o  o b v i o u s  f o c a l  l e s i o n s .  

H i s t o l o g i c a l l y  t w o  t y p e s  o f  l e s i o n  w e r e  s e e n .  1 .  P e r i v a s c u l a r  

inf i l t ra tes  o f  l arge  eosinophi l ic  cel l s  and lymphocytes .  The large  

cel ls  were S100+ and CD68+. 2.  Xanthomatous lesions containing 

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

demyel inat ion and ast rocytosis  were  seen.  

C a s e  2 .  A  6 0  ye a r  o l d  ma l e  w h o  d i e d  a f t e r  a  2  y e a r  h i s t o r y  o f  

neur o log ica l  symptoms .  Au topsy  showed  mu l t ip l e  sma l l  tumour  

masses some LCH-like but  others with the appearance of large cell  

lymphoma. 

C a s e  3 .  A f t e r  a  C T  s c a n  s h o w e d  b r a i n  l e s i o n s ,  a  b i o p s y  w a s  

per formed showing eosinophi l ic cel l s  and lymphocytes .  The cel l s  

were  Viment in  + ,  S  100+ ,  Mac 387+ ,  MB2+ and CD68+.  Birbeck  

granules were not  seen by EM.  

Dr Hickey has also studied turnover  of brain macrophages in Fl  to 

Parent  ra t  radiat ion chimera.  Donor cel l s  are seen in per ivascular  

a r ea s .  I n  90  da ys  50 - 70%  o f  men ing ea l ,  30 - 40%  o f  pe r i vascu l a r  

a n d  1 %  o f  p a r e n c h y m a l  m a c r o p h a g e s  a r e  t u r n e d  o v e r .  

Per ivascular  macrophages share  some proper t ies  wi th  LC such as  

high MHC class II ,  macrophage markers and S 100.  
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C e n t r a l  N e r v o u s  S y s t e m  D i s e a s e  i n  L C H  -  N i c o l e  

G r o i s .  

Dr Grois reviewed the clinical  data from 9 pat ients with LCH CNS 

disease ,  7  male  and 2  female .  Al l  pat ients  had disseminated LCH 

with skeletal  involvement and skull  lesions. In 3 pat ients diabetes 

insip idus (DI)  was present  up to  5  years  before  d iagnosis  of  LCH. 

In 2 pat ients  DI developed 2 and 5 years post  d iagnosis .  

A  v a r i e t y  o f  n e u r o l o g i c a l  s y m p t o m s  w e r e  d e t e c t e d  i n c l u d i n g  

a t a x i a  i n  7 / 9 ,  h y pe r - r e f l ex i a  6 / 9 ,  t r e mor  5 /9  a nd  p s ych o moto r  

r e tardat ion  5 /9 .  Symptoms  d id  no t  cor re la te  wel l  wi th  magne t ic  

r esonance  imaging f ind ings .  Bra in  b iopsy was  per formed  7  t imes 

in  5  pa t i ent s  and  revealed  non -spec i f i c  a t rophy in  3  and  normal  

brain in 4. 

Treatments post diagnosis of CNS disease included x -rays, steroids, 

V P I  6  a n d  c y c l o s p o r i n .  O u t c o m e  d i d  n o t  a p p e a r  t o  b e  w e l l  

cor re la ted  wi th  t r ea tment .  

Dr Grois also reviewed the li terature on 72 LCH patients with CNS 

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

pressure  and pathology character is t ic  of  LCH.  This  subgroup did 

wel l  af ter  t reatment .  F i f ty -e ight  showed insid ious onset  of  whom 

75% developed DI,  often long after diagnosis.  Forty had autopsies,  

w i th  ce r eb ra l  and  ce r ebe l l a r  l e s ions  p r edominan t .  P er ivascu la r  

h i s t i o c y t i c  i n f i l t r a t e s  a n d  g r a n u l o m a s  w e r e  f r e q u e n t ,  w i t h  

demyelination,  gliosis and loss of Purkinje cells.  

T h e s e  f i n d i n g s  r a i s e  q u e s t i o n s  r e l a t i n g  t o  t h e  a e t i o l o g y ,  

assessment and treatment of CNS LCH.



SESSION  III 
EXPERIMENTAL NEUROLOGY 

C h a i r m a n  &  R a p p o r t e u r  P r o f e s s o r  B l a i s e  

F a v a r a  

A n a l y s i s  o f  m a c r o p h a g e  f u n c t i o n  in situ i n  t i s s u e  
-Dr S. Keshav  

Morpholog ica l  and  chemica l  p roper t i es  o f  macrophages  a re  s i t e  

d e p e n d e n t .  M a c r o p h a ge s  i n  d i f f e r e n t  s i t e s  h a v e  d i f f e r e n t  

morphology and di fferent  b iochemical  proper t ies.  

Macrophages respond to  d i fferent  cytokines  in  two basic  ways;  

I Thl  group causes act ivat ion,  up -regulat ion  

2.  Th2 group results  in other functions -  down regulat ion 

I n - v i v o  s t u d i e s  o f  c y t o k i n e s  

Choices of methods are limited and include:  

.  Co l l ec t i on  o f  ce l l u l a r  s ec r e to r y  p r oduc t s  wh ich  i s  no t  

pract ical  for  the most  par t .  

2 .  Local izat ion of  prote ins  but  th is  has  l imi ta t ions as  you 

c a n n o t  t e l l  t a r g e t  f r o m  s o u r c e  a s  t h e  m a t e r i a l  m a y  b e  

phagocytosed. 

3 .  mRNA localization which is the best means of identifying 

the source or  "maker" of the cytokines.  

Lysozyme is  a good marker  of macrophages.  

A l v e o l a r  m a c r o p h a g e s  a r e  t h e  o n l y  o n e s  t h a t  m a k e  l y s o z y m e  

without  being act ivated.  Others require act ivat ion.  

Newly recru i ted  macrophages are  lysozyme+,  "old"  r es ident  ones 

are negative.  

Act ivat ion o f  recrui ted  macrophages  causes  lysozyme product ion 

b u t  a c t i v a t i o n  o f  r e s i d e n t  ma c r o p h ag e s  i s  n o t  a s s o c i a t e d  w i th  

lysozyme production.  

IL  1 ,  1L6,  TNF and  MCP -  l  (monocyte  chemotac t i c  pep t ide)  a re  

r e l evan t  cy tok ines .  F o r  example  M C P -  I  p r e sen t s  f i r s t  i n  ea r l y  

granuloma format ion.  

Macrophage act ivat ion i s  t i s sue si te  dependent .  
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Tannic  acid  in jected  in  CNS causes  a  microg l ia l  react ion a f ter  a  

latent period of 2 days. At the same time there is recruitment of 

macrophages  from the  bone  marrow.  

The  l es ion o f  LCH may there fore  r e f l ec t  morphology tha t  var ies  

with the t issue si te of the lesion.  

D y n a m i c s  o f  M a c r o p h a g e s  i n  t h e  C e n t r a l  

N e r v o u s  System -  Dr Linda. Lawson 

Macrophages populate the normal central nervous system (CNS) in 

l a r ge  number s  bu t  have  a  "qu i e scen t "  pheno t ype  i mp osed  upon  

t h e m b y  t h e  C N S  e n v i r o n m e n t .  M o d e r n  i m m u n o h i s t o c h e m i c a l  

methods  have made  i t  much eas ier  to  de tect  these  cel l s  and  i t  i s  

clear  that  they are a major  dial  populat ion in the steady state and 

m a j o r  c o n t r i b u t o r s  t o  r e a c t i v e  g l i o s i s .  I n  n o r m a l  b r a i n s ,  t h e  

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

d i s t r i b u t i o n ,  r e s p o n d i n g  t o  e n v i r o n m e n t a l  c u e s  w h i c h  a r e  n o t  

o b v i o u s l y  r e l a t e d  t o  n e u r o t r a n s mi t t e r  s y s t e m s ,  v a s c u l a t u r e  o r  

developmental  ce l l  death .  

I n  r od en t s ,  n u mb e r s  a nd  he t e r og en e i t y  a r e  ma i n t a in e d  i n t o  o l d  

age. Although resident microglia are stable and long lived cells we 

be l i eve  tha t  the  main tenance  o f  the  popula t ion  en t a i l s  bo th  l ow  

l e v e l  p r o l i f e r a t i o n  o f  r e s i d e n t  m a c r o p h a g e s  a s  w e l l  a s  s l o w  

recrui tment  o f  monocytes  from the  b lood.  This  migrat ion occurs  

d e s p i t e  a n  i n t a c t  b l o o d  b r a i n  b a r r i e r ,  a s  d o e s  t h e  s p e c i f i c  

r ec ru i tment  o f  l arger  numbers  o f  monocytes  to  an  in f lammatory  

s t i mu l u s  i n  t he  b r a in  p a r e nc h yma .  T u r no ve r  o f  ma c r oph ag e s  i n  

t he  no r ma l  b r a in  i s  r a t he r  s l ow  co mpar ed  t o  pe r i ph e r a l  o r ga n s  

(especial ly lymphoid organs)  but  the duel  or igin of new cel ls  is  a  

c o m m o n  f e a t u r e  o f  m a c r o p h a g e  p o p u l a t i o n s  e l s e w h e r e  i n  t h e  

body. 

The labelling indices of microglia in different regions of the brain 

parenchyma were  broadly s imi lar  but  there are  subpopulat ions of 

microglia in the CNS, in the choroid plexus and neurohypophysis,  

which have different  properties and dynamics.  The choroid plexus 

con t a i n s  two  popu l a t i ons  o f  mac r op hages  on  e i t he r  s i de  o f  t he  

blood/CSF barrier .  Both populations express some of the ant igens 

which are  typica l ly  down regulated  on  microgl ia ,  inc luding MHC  
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II. Stomal  macrophages  ( b lood  s ide )  p ro l i fe r a te  some  ten  t imes  

f a s t e r  t han  microg l i a  o f  t he  b r a in  pa r enchyma .  In  con t ra s t  new 

e p i p l e x u s  c e l l s  s ee m t o  b e  s u p p l i e d  s o l e l y  b y  mi g r a t i o n .  I t  i s  

t emp t ing  t o  specu l a t e  t ha t  t he  cho r o id  p l exus  migh t  be  a  ma jo r  

site of traffic of cells. It certainly appears to be easier to induce 

i n f l a mma t o r y  r e c r u i t me n t  o f  l e u c o cy t e s  i n t o  t h e  ch o r o i d  t h an  

other  regions of the  brain.  

The neurohypophysis contains a subpopulat ion of microglia with a 

s l ight ly  less  r es t r i c ted  phenotype than the  microg l ia  o f  the  brain  

and  which  turn  over  a t  a  fas ter  r a te .  These  cel l s  are  par t icular ly  

in teres t ing because  that  respond  to  increases  in  secretory  act iv i ty  

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

proliferation.  

Mig r a t i on  o f  mac r ophages  i n to  t he  CNS  po t en t i a l l y  opens  t h i s  

compar tment  t o  the  i nvas ion  o f  ac t iva t ed  o r  i n fec t ed  ce l l s ;  the  

most  wel l  known example  would  be  1 - I IV-1  in fec ted  monocytes .  

We  a r e  con t i nu ing  t o  s t udy  t he  f a c to r s  wh ich  no r ma l l y  r e s t r i c t  

bo th  the  phenotype  and  turnover  o f  microg l ia  in  the  normal  b ra in  

a s  we l l  a s  those  wh ich  med ia t e  a l t e r a t ions  in  p r o l i f e r a t ion  and  

recruitment.  

Mic rog l ia  i n  "S "  phase  a re  mor pholog i ca l l y  una l t e r ed  and  t hey  

divide  wi th  processes  extended.  

SESSION  IV 

THERAPY IN LCH 

C h a i r ma n  a n d  R a p p o r t eu r  Dr Tony Chu 

R e v i e w  o f  p a s t  a n d  p r e s e n t  t h e r a p y  -  Pro f  S t ep h an  

Ladisch. 

A  b r i e f  o v e r v i e w  o f  t h e  e v o l u t i o n  o f  t r e a t me n t  o f  LCH c a n  b e  

divided into early, late and recent therapeutic approaches. The 

d ive r s i t y /he t e r ogene i t y  o f  expr e s s ion  o f  wha t  we  ca l l  L CH,  i e ,  

s ingle  les ions,  mul t ip le  system invo lvement ,  organ dysfunct ion,  

great ly impeded systematic evaluat ion of pat ient  outcome. Lahey 

( 1 9 6 2 )  c o n t r i b u t e d  s u b s t a n t i a l l y  t o  o u r  u n d e r s t a n d i n g  o f  t h e  



disease  by demonst ra t ing I )  the  prognos t i c  impor tance o f  o rgan 

dysfunction and age to the diagnosis and 2) the benefi t  of specific 

t h e r a p y .  S u r v i v a l  i n  a n  u n t r e a t e d  g r o u p  o f  c h i l d r e n  w i t h  

mul t i system di sease  was 100% whi le  that  in  a  t r ea ted  group  was 

70%. Lack of true controls as well as other factors made this study, 

although a pioneering one, not conclusive.  

S u b s e q u e n t l y ,  ( 1 98 0 )  r e t r o s p e c t i v e  s t r a t i f i c a t i o n  a nd  o u t c o me  

a n a l y s i s  ( s u r v i v a l )  o f  a  n u m b e r  o f  s t u d i e s  d e m o n s t r a t e d  t h e  

val id i ty  o f  s t ra t i f i ca t ion ( t able  1)  and c lear ly  suggested  the  need  

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

chemotherapy.  

Table 1 

G R O U P  S E V E R I T Y  SURVIVAL 

A All LCH excluding mono-ostotic 71% 

B Mild - polyostotic 98% 

C Moderate - soft tissue without organ dysfunction 76% 

D Severe - soft tissue with organ dysfunction 37% 

I n  t h e  1 9 8 0 ' s ,  t r e a t m e n t  a p p r o a c h e s  t o  L C H  h a v e  g e n e r a l l y  

paralled the severity of the disease, e .g.  local  treatment  for isolated 

lesions and intensive chemotherapy for  mult i system disease.  The 

most  recent and large scale prospective study,  which incorporated 

pat i ent  s t ra t i f ica t ion and uni form t reatment  approaches  i s  tha t  o f  

the German/Austrian group, DAL HX-83. 

D A L  H X - 8 3  u s e d  v i n b l a s t i n ,  V P I 6  a n d  s t e r o i d s  w i t h  o r a l  6 -  

mer ca p to pu r i ne  o r  me t h o t r ex a t e  a s  an  o p t i on .  T r e a t men t  w a s  

g i v e n  f o r  1 2  m o n t h s .  P a t i e n t s  w e r e  s t r a t i f i e d  i n t o  3  g r o u p s  

according to the cl inical  disease,  le ,  A -  mult isystem disease,  B -

d i s s e m i n a t e d  d i s e a s e  b u t  w i t h  n o  o r g a n  d y s f u n c t i o n ,  a n d  C  

disseminated di sease  wi th  organ dysfunct ion .  Resul ts  o f  the  t r ia l  

are given in table 2 .  
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Table 2  

DAL HX-83 

A B C 

Number 2 8 5 7 2 1 

Initial  89% 91% 67% 

resolution 

Recurrence 15% 18% 19% 

Mortality 0 2 8 

Med ian  t ime  t o  i n i t i a l  r e so lu t i on  was  4  t o  6  mon ths .  Mor b id i t y  

was low. Diabetes insipidus was observed in 6% patients .  

The suggest ion from this  study was that  ear ly aggressive  therapy 

possibly reduced the incidence of  morbidi ty in these chi ldren.  

F u t u r e  d i r e c t i o n s  i n c l u d e  r a n d o m i s e d ,  p r o s p e c t i v e  t r e a t m e n t  

p r o t o c o l s  f o r  m u l t i s y s t e m  d i s e a s e  ( L C H 1 )  a n d  e x p e r i m e n t a l  

approaches to t reatment  of severely affected pat ients who do not  

achieve resolut ion of disease by treatments such as that  of LCH1.  

T r i m e t h o p r i m  m o n o t h e r a p y  i n  L C H  -  D r  Fot ini  
Tzortzatou Stathopoulou.  

T h e  e f f i c a c y  o f  t r i m e t h o p r i m  t h e r a p y  i n  L C H  w a s  n o t i c e d  b y  

se r en d i p i t y  w he n  i t  w a s  u s ed  a s  a  b r oa d - sp ec t r u m a n t i b i o t i c  i n  

the  t r ea tment  o f  o t i t i s  in  ch i ld ren  w i th  LCH.  I t  was  no t iced  tha t  

the  d rug  amel io ra t ed  o r  induced  re so lu t ion  o f  t he  mani fe s ta t ions  

o f  L CH in  d i f f e r e n t  o r gans .  T hese  obse r va t i ons  l ed  t o  an  open  

s t u d y  i n  w h i c h  1 2  c h i l d r e n  f r o m  9  m o n t h s  t o  1 2  y e a r s  w e r e  

t r ea t ed  fo r  2  t o  1 2  weeks  w i th  10 - 15mg/kg /da y  o f  t r ime thop r i m  

in divided doses.  The resul ts  of  the study are  shown in  table 3 .  
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Table 3  

Results of an open study of tr imethopr im in LCH 

No of  Pat ients  Disease Result  

2 L o c a l i s e d  -  p a r o t i d  S w e l l i n g  r e s o l v e d  i n  

and thyroid 3  w e e k s .  D i s e a s e  

free  for  2  years  

5 Bone Reduction of 

adjacent soft t issue 

s w e l l i n g   w i t h i n  4  

weeks.  No change on 

X  r a y .  4  n o w  

recurrence free,  I  

r ecur ren t  d i sease  

4 Multifocal:        Liver, Skin and      ears 

s p l e e n ,  l y m p h  n o d e ,  c l e a r e d ,  2 / 4  g u m s  

bone, ear,  gum cleared.  

In one child with  multisystem disease,  hepatomeg aly reduced and 

l iver  funct ion tes ts  normal ised af ter  4  weeks of  t reatment .  

T r imethopr im thus appear s  to  be  an  e f fec t ive  t r eatment  in  some 

p a t i e n t s  w i t h  L C H .  T h i s  d r u g  h a s  b e e n  r e p o r t e d  t o  h a v e  a  

bene f i c i a l  e f f ec t  i n  Wegen e r s  g r anu loma tosu s .  T he  mechan i s m 

behind i t s  ac t ion i s  open to  speculat ion but  may be re la ted  to  an  

ant i - fo la te  or  immunomodulatory effec t .  

T o p o i s o m e r a s e s  a s  n o v e l  t a r g e t s  f o r  a n t i -

c a n c e r  d rug s  -  Dr Paul  Smith.  

There  have  been  major  advances  in  the  f i e ld  o f  an t i -cancer  d rugs 

i n  t h e  l a s t  t w o  d e c a d e s  w h i c h  h a v e  h e r a l d e d  s i g n i f i c a n t  

improvement  in  the  prognosis  of  a  number  of  mal ignancies  ( table 

4).  



Table 4 

Malignancy Present cure rates  Cure  ra tes  in  1955  

A c u t e  l y m p h o c y t i c  7 5 %  0% 

leukaemia 

Testicular tumours  90% 0% 

Hodgkins disease 80% 0% 

One class of ant i -cancer  drug are the topoisomerase inhibi tors.  

Chromosomes are compact  and ordered st ructures .  F ibr i ls  of DNA 

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

rest r a ined .  Topoisomerase  I I  i s  an  enzyme that  i s  loca ted  on the  

DNA at  the base of the chromatin loop domain (fig 1) .  

The enzyme binds to the DNA covalently via tyrosine molecules. I t  

a c t s  b y  f o r mi ng  a  t e mp or a r y  ga t e  i n  t he  d oub l e  s t r a nde d  DN A 

through  which  an  in tac t  he l ix  can  pass  bu t  p reven t s  a  comple te  

b r e ak  i n  t he  D NA  s t r an d .  F i r s t  on e  s i de  o f  t h e  g a t e  ope n s  and  

a l lows  the  hel ix  of  DNA to  en te r  and  th i s  ga te  then  c loses .  The 

opposi te gate then opens to al low the DNA through and this then 

closes.  

The level of topoisomerase II  in the cell  is related to the cell  cycle. 

The level  is  low in G 1, increases in S with a f urther  rise in late S 

phase  and an increase  in  G2.  After  mi tosis ,  as  the  cel l  cycles  in to  

G 1, proteolysis reduces the level again.  

The enzyme can be trapped on the DNA as a cleavable complex by 

topoi somerase  inhibi tor s .  The term cleavable  re fers  to  the  ab i l i ty  

o f  s t rong  pro te in  dena turan t s  to  r evea l  tha t  the  t r apped  enzyme  

sequesters a DNA double strand break in its complex. The trapped 

enzyme ac ts  ra ther  l ike  a  s leeper  on  a  ra i lway l ine  and preven ts  

separ a t ion  o f  the  two  s t r ands  o f  the  DNA a t  tha t  po in t  a nd  thus  

prevents  t ranscr ip t ion and repl icat ion.  
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A l ist  of  known topoisomerase inhibi tors is  given in table 5.  

T a b l e  5   

Inhibitors of DNA Topoisomerases  

Class of drug 

Coumarins 

Quinolones 

Anthracyclines 

Anthracenediones 

Acridines 

 

Ellipticines 

Actinomycins 

Epipodophyllotoxins 

Alkaloids 

Minor groove 

ligands  

Examples 

Novobiocin 

Coumermycin Al 

Chlorobiocin 

Naladixic acid 

Oxolinic acid 

Adriamycin 

Mitoxantrone 

Amsacrine 

(m A MS A)  

2-Me-9-0H-E+ 

Actinomycin D 

VP 16 213 

Camtothecin 

Hoechst 33342 

Enzyme inhibited 

bacter ial  gyrase  

euk  topo  I I  

reverse gyrase 

bacter ial  gyrase  

T4 topo 

euk topo II 

euk topo 

euk topo II  

euk topo II 

euk topo I and II 

euk topo II  

euk topo 

euk topo I  and II  

The level  o f  topoi somerase  I I  wi th in  a  ce l l  d i f fers  f rom one ce l l  

t y p e  t o  a n o t h e r ,  s o m e  c e l l s  b e i n g  u n d e r  p r o d u c e r s  a n d  o t h e r  

o v e r p r o d u c e r s .  I n c r e a s i n g  t h e  l e v e l  o f  t o p o i s o m e r a s e  I I  

p r o d u c t i o n  b y  t h e  c e l l  w i l l  m a k e  i t  m o r e  s e n s i t i v e  t o  

t o p o i s o m e r a s e  i n h i b i t o r s .  T h i s  c a n  b e  s e e n  i n  h u m a n  b r e a s t  

carc inoma cel l s ,  where  an  increase  in  cel l  growth can be  induced  

by oestrogen which results in increased DNA damage by VP 16 and 

increased cytotoxici ty (fig 2).  
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T h e r e  i s  s o m e  e v i d e n c e  n o w  t h a t  t o p o i s o me r a s e  i n h i b i t o r  c a n  

modulate nuclear  topoisomerase II .  In smal l  ce l l  lung carcinoma, 

V P I 6  i n  v i t r o  h a s  d o s e  d e p e n d a n t  e f f e c t s  o n  t h e  c e l l s  g r o w t h  

pat tern .  At low doses,  VPI6 bunches cel l s  in  mid and la te S phase  

and  G2 .  At  h igh  doses ,  VP 16  t r aps  ce l l s  i n  S  phase  and  a t  ver y  

high doses, VP16 freezes cells  in S phase. 24 hours after treatmen t  

wi th  VPI6,  the smal l  ce l l  lung carcinoma cel l s  are  t rapped in  G2 

where expression of topoisomerase II  is  high.  Treatment  now with 

high dose VP16 will  result  in a high kil l ing rate.  

The effect of such drugs on cells can be monitored using single cell  

electrophoresis.  In this method,  cel ls  are suspended in agar .  I f  the 

cel l  is  kil led it  will  release DNA into the agar  which can be drawn 

i n t o  r o c k e t s  b y  e l e c t r o p h o r e s i s .  T h i s  i s  a  g o o d  m e t h o d  o f  

monitor ing cel l  response to therapy.  

T he re  has  been  r ecen t  co ncer n  over  t he  induc t i on  o f  s econdar y  

malignancies in pat ients receiving VP16 or  teniposide containing 

chemotherapy for  haematologic  and sol id  mal ignancies  ( table  6) .  

This  i s  of  par t icular  concern  in  LCH given that  conservat ive  and 

p ro longed  VP 16 -con t a in ing  r eg imens  have  p r oven  e f fec t ive  in  

most cases.  

I t  i s  possib le that  the r i sk of secondary leukaemias may relate to  

DNA topoisomerase II  playing an act ive role in the generat ion of  

endogenous DNA damage and genetic instabilit y.  Sperry et al  (Proc  

Nat l  Acad  Sc i  USA,  1989 ,  86:5497)  have shown that  a  family o f  

A+T-rich sequences termed matrix association regions, mediate 

c h r o m o s o m a l  l o o p  a t t a c h m e n t  a n d  t h a t  s e v e r a l  r e g i o n s  b o t h  

s p e c i f i c a l l y  b i n d  a n d  c o n t a i n  m u l t i p l e  s i t e s  o f  c l e a v a g e  b y  

topoisomerase II .  A dysfunction of such a region could lead to the 

genetic instabi l i ty required for  neoplast ic progression.  



P r i m a r y  N o .  A N L L  V P  1 6  

diagnosis Tenip 

GCT 1 E 

NSCLC 4 E 

GCT E 

ALL 12 T 

SCLC 3 E 

NB 1 

SCLC E 

NHL 1 E 

SCLC 3 E 

SCLC 1 E 

SCLC 1 E 

SCLC E 

SCLC 1 

SCLC 2 E 

ALL 3 T 
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Table 6  

Epipodophyllotoxin-related leukaemias (Whitlock et al  1991)  

O f  Al k yl  

Agent  

N 
N 

N 

5112 

Y 

Y  

Y 

Y 

Y 

Y 

Y 

Y 

N  

ANLL 

type 

M5 

M4 (1)  

M5 (2)  

NS (1)  

M5 

MI (2)   

M2 (3) 

M4 (1) 

M5 (4) 

M7 (1) 

NS (1) 

M2 (2) 

M5 (1) 

NS (I) 

M5 

NS 

M4 

M2 (2)  

M5 (1) 

M4 

M4 

NS 

M5 

M4 (1) 

NS (1) 

M4 (1) 

11g23 

abnorm 

N 

Y 

1 /2 

N Y 

0/2 

213 

Y 

4/4 

ND 

ND 

Y 

ND 

N 

N 

ND 

ND 

ND 

N 

ND  

ND 

2 /3 

GCT: germ cell  tumour, NSCLC: non -small cell  lung cancer,  ALL: 

acute lymphocytic leukaemia,  SCLC: smal l  cel l  lung cancer ,  NB:  

neuroblastoma, NHL: non-Hodgkins lymphoma, ANLL: acute non -

lymphocytic leukaemia.  
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The unusual  features of leukaemia occurr ing  in epipodopyllotoxin 

t r e a t e d  p a t i e n t s  c o m p a r e d  w i t h  t h o s e  i n d u c e d  w i t h  a l k y l a t i n g  

agents are:  

1.  the latency period for ANLL is significantly shorter (33 mths vs 

58-73 mths) 

2.  Often  c l ea r  monocyt i c  o r  mye lomonocyt i c  f ea tu r e s  

3.  C h r o mo s o m a l  a b n o r m a l i t i e s  ( 1 1 q 2 3 ) .  

The main i ssues for  VP16 in the treatment  of LCH are:  

1 .  wh a t  i s  t h e  t a r ge t  pop u l a t i on  i n  L C H ,  i s  i t  t h e  L CH  c e l l  o r  

another  cel l  type.  

2 .  What features of LCH cells can provide a therapeutic advantage 

for  the eradicat ion of LCH cel ls  -  do LCH cel ls  express  high levels  

of  topoi somerase  I I  or  can they be  induced to  express  h igh l evel s 

of  the  enzyme in  response to  cytokines  

3 .  Will  dysfunct ion or  cytostasis  o f  the  target  populat ion suff ice .  

4 .  I s  t h e r e  a n y  e v i d e n c e  o f  d r u g  r e s i s t a n c e  

5 .  Is there any evidence of modulat ion of  sensi t ivi ty according to 

t he  t i s sue  env i ronmen t  

6 .  Can we manipulate target cells to become more sensitive to the 

topoisomerase inhibi tors.  

Work that  urgently needs to  be performed is  to look at  the si te  of 

a c t i o n  o f  V P  I 6  t o  s e e  w h e t h e r  t h e  L C H  c e l l  i s  t h e  t a r g e t  

populat ion,  or  whether  o ther  cytok ine -producing  cel l s  are  being 

se lec t ive ly  des t royed  l eading  to  loss  o f  t i s sue  t a rge t ing  o f  LCH 

cel l s .  I f  i t  i s  the  LCH cel l ,  we need  to  know more about  the  cel l  

cyc l e  k ine t i c s  o f  t he  L C and  L CH ce l l s  and  t he i r  t he i r  enzyme  

profiles.  

Prof i l e  o f  Ant i -ma la r i a l  drug s  -  Vera Stecher.  

Q u i n i n e  a n d  t h e  s y n t h e t i c  q u i n i n e  d e r i v a t i v e s  a r e  a n t i -

i n f l ammator y  agen t s  wh ich  a re  u sed  i n  the  t r ea tment  o f  ma l a r i a  

but  also in autoimmune diseases,  viral  infect ions,  hyperl ipidaemia 

and  th romboembol ism.  

Quinine has  been known to  the  Western  wor ld  s ince  1630:  
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HISTORY OF ANTI -MALARIAL DRUGS IN AUTOIMMUNE  

DISEASE 

1 6 3 0  Jesuit  Priests discover "Quinine" which the  

natives called "Fever bark".  

1800 Quinine spread through Europe by the  Jesuits  for  

use in febrile il lness.  

1890 Quinine used in  d iscoid  lupus erythematosus but  

high doses required.  

1915's Germans develop Quinacrine as a synthet ic ant i -  

malarial since quinine unavailable during World 

War 1;  this  had bet ter  ant i - inflammatory 

properties.  

1 940 Chloroquine developed as par t  of ant i -malar ia  

research in USA to develop less toxic agents than 

quinacrine. 

1943 Payne reported benefi t  of Chloroquine in both  

rheumatoid ar thr i t is  and SLE at  doses 5 -10 fold 

higher than for malaria; benefit reported in up to 

75% of patients.  

1950’s Wide use of chloroquine at  high dose  (often  10-  

15 mg/kg)  in RA led to reports of ret inal  toxicity.  

1957 Scherbel reported on the use of  

hydroxychloroquine (5-6.5 mg/kg) with good 

benefit and low toxicity.  

The action of hydroxycholoroquine on immune responses is  due to 

i ts  act ivi ty as a weak base .  On entry into the cel l  i t  becomes 

protonated and concentrated in acidic lysosomal vesicles causing a 

sl ight  r i se in pH wi thin the vesic les .  This has  a major  effect  in 

s lowing ant igen  processing and  on  the  e f f i c iency of  an t igen -

receptor  complexing.  Hydroxychloroquine also reduces production 

and re lease  of  ILI  and 1L6 from macrophages which leads to  a  

decrease in ESR, and reduction in the production of acute phase 

reactants such as CRP. Hydroxychloroquine also decreases release 

of IL4,  1L5 and 1L6 from T cel ls  resul t ing in hyperglobul inaemia 

and decrease  in  autoant ibody product ion.  
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Toxici ty of hydroxychloroquine is  dose related and i f  used at  less 

than 7mg/kg,  there is  low ret inal  toxic i ty.  The mode of act ion of  

re t inal  toxic i ty i s  unknown but  may be  due to  the  inhibi t ion  of  

breakdown of ret inal  pigment by t issue macrophages which fi l l  up 

wi th  undigested  pigment .  

Patients who are given hydroxychloroquirie need ophthalmic 

a s se s s men t  w i th  fu ndoscop y ,  s l i t  l a mp  exam ina t i on  and  

Amtergrid.  

Hydr oxych lor oqu ine  has  a  number  o f  o ther  e f fec t s  on  d i f f e ren t  

cell  types by the same mechanism of inhibiting lysosomal activity. 

Specific examples of these are listed in table 7.  

Table 7  

EFFECTS OF HYDROXYCHLOROQUINE 

CELL TYPE ACTION RESULT 

Macrophage Inhibit antigen I mmune  modula t i on  

processing 

RPE cell Inhibit melanin Toxicity 

breakdown 

Liver cell  Inhibit lipoprotein Lower cholesterol  

receptor recycling 

Vascular  Inhibit protein Anti-coagulant  

endothelium assembly and inhibi t  

prostaglandin 

synthesis 

Platelet  Inhibit release of Prophylaxis for  

thrombin t h r omboembol i sm  

Hydroxychloroquine has an anti -viral effect .  This is  thought to be 

re la ted  to  the  impor tance o f  the  lysosome in  uncoat ing the  v i rus  

w h i c h  i s  t h e n  a b l e  t o  r e p l i c a t e .  H y d r o x y c h l o r o q u i n e  i n h i b i t s  

lysosomal act ivi ty and thus blocks the  uncoating of the vi rus.  



of  l ymphoh i s t iocy to s i s  w i th  qu inacr ine .  

a  c h i l d  w i t h  f a m i l i a l  

quinacrine hydrochloride 

Temporary suppression of 

shor t - l ived  re sponse  was  
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A n t i - m a l a r i a l s  h a v e  b e e n  u s e d  i n  l y m p h o h i s t i o c y t o s i s  i n  o n e   

r e p o r t e d  c a s e  ( H i s t i o c y t e  S o c i e t y  A n n u a l  M e e t i n g  1 9 9 1 ,  

Temporary inactivation 

B a r n a r d  e t  a l ) .  I n  t h i s  r e p o r t    

lymphohis t iocytos is  was  t r ea ted  wi th  

2mg/kg  t h r ee  t imes  da i l y  fo r  5  days .  

t h e  d i s e a s e  w a s  a c h i e v e d  b u t  o n l y  

achieved following a second course.  

B o n e  m a r r o w  t r a n s p l a n t a t i o n  -  Gareth Morgan.  

I n  1 9 9 0 ,  t h e r e  h a d  b e e n  4 2 3 4  b o n e  m a r r o w  t r a n s p l a n t s  

per formed in Europe,  2137 al logeneic  and 2097 autologous.  

T h e  m a i n  i n d i c a t i o n  f o r  b o n e  m a r r o w  t r a n s p l a n t a t i o n  i s  t h e  

treatment of malignant disease ie leukaemia, but bone marrow 

transplantat ion has  been used for  genetic d iseases,  thalassaem ia,  

immune defic iency s ta tes  and aplast ic  anaemia.  

There have been two published reports  of successful  t reatment  of 

pat ients with LCH by bone marrow transplantat ion:  

Rineden et  al ,  N Engl  J  Med,  316:733 -735, 1987 

Stol  et  al ,  Cancer ,  66:284 -288,  1990. 

Both  pat ients  were  male ,  one  18 and the  o ther  20 years  o ld .  Both  

had  mu l t i s ys t e m d i sease  and  had  ha d  mu l t i p l e  t r ea tmen t s .  One  

pat ient  had diabetes insipidus.  Donors were HLA matched siblings 

and engraf tment  was demonst ra ted .  Both  were  d isease  free  a t  the 

t ime of the reports.  

I n  a d d i t i o n  t o  t h e s e  r e p o r t s ,  G r e i n i x  e t  a l  ( B o n e  M a r r o w  

T r a n s p l a n t a t i o n  1 0 : 3 9 - 4 1 ,  1 9 9 2 )  r e p o r t e d  f o u r  p a t i e n t s ,  t w o  

t r ea ted  wi th  au to logous  and  two a l l ogene i c  bone  mar r ow gra f t s .  

One  o f  each  o f  these  was  a l i ve  an d  we l l ,  t he  o ther  two  d i ed  a s  a  

resul t  of persistent  disease.  
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The main  problems wi th  bone  marrow t ransplanta t ion are :  

1 .  R e j e c t i o n  o f  t h e  g r a f t  

2 .  Gr af t  ver sus  hos t  d i sea se  ( GVHD)  

B o t h  a r e  r e l a t e d  t o  d i f f e r e n c e s  i n  b o t h  t h e  m a j o r  a n d  m i n o r  

h i s tocompa t ib i l i t y  complexes  be tween  t he  donor  and  r ec ip ien t .  

Di f ferences in  the  minor  h is tocompat ib i l i ty complexes  are  more  

common in  unrela ted  donors .  

Some para l l e l  may  be  d rawn be tween  the  r esponses  expec ted  in  

L C H  a n d  t h o s e  s e e n  i n  i m mu n o d e f i c i e n c y  d i s e a s e s  o t h e r  t h a n  

severe  combined immunodefic iency disease .  

I n  a  s e r i e s  o f  p a t i e n t s  w i t h  i m m u n o d e f i c i e n c y  d i s e a s e s ,  6 0  

p a t i e n t s  w e r e  t r e a t e d  w i t h  i d e n t i c a l  m a t c h e d  b o n e  m a r r o w  

t r ansp lan t s  and  71  wi th  non - iden t ica l  bone  mar row t r ansp lan t s .  

S u r v i v a l  o v e r  1 0  y e a r s  w a s  w o r s e  i n  t h e  n o n - i d e n t i c a l  b o n e  

m a r r o w  t r a n s p l a n t s  g r o u p  a t  4 0 %  c o m p a r e d  t o  6 5 %  i n  t h e  

ident ical  bone marrow t ransplant  group.  

Graft rejection and GVHD can be reduced by T cell depletion of the 

g r a f t  b u t  a  m a j o r  p r o b l e m  w i t h  t h i s  a p p r o a c h  i s  f a i l u r e  o f  

engraftment.  

A u t o l o g o u s  b o n e  m a r r o w  t r a n s p l a n t s  i n v o l v e  r e i n f u s i o n  o f  

auto logous bone marrow harvested  in  d isease  remission  or  purged  

i n  v i t r o  f o l l o w i n g  c o n d i t i o n i n g  w i t h  c h e m o t h e r a p y  a n d  

radiotherapy. This avoids graft  rejection and GVHD.  

In  LCH,  who would benefi t  f rom bone marrow t ransplantat ion?  

1.  Aggressive or treatment -resistant LCH with poor prognosis.  We 

need to  be  able  to  ident i fy the  pat ients  ear ly.  

2.  P a t i en t s  need  ear ly  r e fe r r a l  fo r  bone  mar r ow t r ansp l an ta t ion .  

3.  HLA matched siblings. MUD - matched unrelated donors or even 

mismatched  re la ted  donor  should  probab ly  be  avoided  

4.  P a t i en t s  w i th  CNS  invo lvement  may  be  subopt imal .  

T o t a l  b o d y  i r r a d i a t i o n  m a y  b e  a  p r o b l e m  i n  c h i l d r e n  u n d e r  2  

years of age and other  condi t ioning methods wil l  need to  be used.  
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A n t i b o d y  t h e r a p y  -  R o b e r t  S p o o n e r .  

A n t i b o d i e s  c a n  b e  d i r e c t e d  t o  t u m o u r s  w h i c h  e x p r e s s  n o v e l  

ant igens.  The long plasma hal f - l i fe  of  ant ibody permits  maximal  

uptake a t  target  cel l s .  

For some targets,  regional administrat ion increases the speed with 

which target  local isat ion occurs,  whilst  leaving blood and normal  

t i s sue toxic i ty unchanged ie .  in t raper i tonea l  admini s t ra t ion may 

increase  the  target  dose  that  can be  achieved.  

An a l ternat ive  approach to  increase  the  effect  o f  ant ibody binding 

to target  sites is  to increase not  the yield of antibody at  the target,  

bu t  r a ther  to  modify  the  an t ibody by con juga t ing i t  to  an  enzyme 

so  that  targeted ant ibody/enzyme is  capable  of  conver t ing a  non-

toxic  prodrug to  a  cyto toxic  drug a t  the  t arget .  Thi s  approach i s  

ca l led  ant ibody-directed  enzyme prodrug therapy or  ADEPT,  one 

example  i s  the  use  of  carboxypept idase G2 (CPG2),  an enzyme 

f r o m th e  b a c t e r i u m P s eu do mo na s .  T h i s  c an  b e  con ju ga t ed  t o  a  

suitable antibody, and after localisation to target and subsequent 

blood clearance of  unbound ant ibody/enzyme, a relat ively non -

t o x i c  g l u t a m y l  b e n z o i c  a c i d  p r o - m u s t a r d  s u b s t r a t e  c a n  b e  

a d m i n i s t e r e d .  A t  t h e  s i t e  o f  b o u n d  a n t i b o d y / e n z y m e ,  t h i s  i s  

converted to toxic mustard,  leading to local  accumulation of large 

amounts of cytotoxic  

In targeting antibodies to specific sites, one problem is failure of 

r a p i d  c l e a r a n c e  f r o m  n o n - t a r g e t  t i s s u e s  w h i c h  c a n  r e s u l t  i n  

s i g n i f i c a n t  t o x i c i t y  d i r e c t e d  a t  b l o o d  a n d  n o r m a l  t i s s u e s .  T o  

f u r t h e r  i m p r o v e  t h e  e f f i c a c y  o f  A D E P T ,  a  g a l a c t o s y l a t e d  

neutral ising,  second antibody,  can be administered at  the time of 

m a x i m a l  t a r g e t  l o a d i n g ,  w h i c h  r a p i d l y  c l e a r s  t h e  u n b o u n d  

an t ibody/enzyme  f rom the  b lood s t r eam by the  l ive r .  

T h e  r a p i d  c l e a r a n c e  o f  s m a l l  r e c o m b i n a n t  a n t i g e n - b i n d i n g   

mo l ec u l e s  ( su ch  a s  s i ng l e  ch a i n  va r i ab l e  f r ag me n t s )  sh ou l d ,  b y   

a n a l o g y  w i t h  t h e  b i o d i s t r i b u t i o n  b e h a v i o u r  o f  p r o t e o l y t i c a l l y  
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der ived F(ab ' )2  fr agments ,  l ead to  improved t arge t  to  non - targe t  

ra t ios  o f  bound mater ia l .  The  amino  termina l  ends o f  ant ibodies  

(var iable  heavy,  VH,  and var iable  l ight ,  VL,  domains)  are  those  

regions of the ant ibody involved in ant igen recognit ion.  

A  n u m b e r  o f  c a n d i d a t e  m o l e c u l e s  h a v e  b e e n  e x a m i n e d  a s  

targeting agents.  CDRs (complementarily determining regions) are 

regions of high variabil ity within V domain genes which for some 

an t i bo d i e s  ma y  r e p r e se n t  t h e  mi n i ma l  r ec ogn i t i on  un i t  f o r  t he  

ant igen.  CDRs,  however ,  have a  low hal f  l i fe ,  low aff in i ty and do  

not  retain their  configurat ion.  

T h e  d A B  i s  a n  i s o l a t e d  V  d o m a i n  w i t h  a  h y d r o p h o b i c  p a t c h  

no r ma l ly  cove r ed  by  i t s  pa r t ne r  V  doma in .  Con seque n t l y ,  i t  i s  

l ikely  to  suf fer  f rom high non -speci f i c  b inding,  and i s  there fore  

unlikely to  make a good target ing agent .  

The variable domains,  Fvs -  VL and VH, show variable affini ty for  

i ts  par tner,  but  in the region of Kd = 10 -6 M, which is  sufficient ly 

low tha t  many  Fvs  a re  l ike ly  to  be  d i s soc i a ted  i n  phys io log i ca l  

condit ions.  Covalently joining the two partners V domains with a  

f l ex ib le  l inker  a r t i f i c ia l l y  r a i se s  the  concen t ra t ion  o f  ava i l ab le  

par tner  domain,  and overcomes th is  prob lem,  producing a  s table  

scFv. Similarly, a Fab-like molecule is stable owing to interdomain 

c o n t a c t s  b e t w e e n  V H  a n d  V L ,  b e t w e e n  C H 1  a n d  C L  a n d  b y  

r edu c i b l e  d i s u l ph i de  b r i d ge  b e t we e n  CH1  a nd  CL  do mai n s .  O f  

t he se  two  s t ab l e  mo lecu l e s ,  t he  sc F v  i s  t he  sma l l e r ,  and  i s  t he  

molecu le  that  has  been  most  modi f i ed ,  fo r  example  by fus ion  to  

tox ins .  S ince  scFvs  a re  smal le r  than  IgG molecu le s  and  l ack  Fc  

funct ions,  they are  expected to in teract  only minimal ly wi th  cel l s  

and molecules  o f  the  immune sys tem.  Of those  molecules  t es ted ,  

they also show potentially useful  half - lives character ised by rapid 

blood clearance.  

N o v e l  s c F v  f u s i o n  p r o t e i n s  w i t h  p r e d i c t e d  r a p i d  c l e a r a n c e  

f r o m  n o n - t a r g e t  t i s s u e s .  

S i n c e  t h e  a mo u n t  o f  a n t i b o d y  t h a t  l o c a l i s e s  t o  a  t a r g e t  ma y  b e   

very smal l ,  the  potency of  any therapeut ic  agent  del ivered by that   

a n t i b o d y  m u s t  b e  h i g h ,  a  r a t i o n a l e  t h a t  h a s  l e d  t o  t h e  
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development of immunotoxins (ITs).  These comprise cell -binding 

m A b s  ( o r  t h e i r  f r a g m e n t s )  c o n j u g a t e d  t o  n a t u r a l l y - o c c u r r i n g  

toxins (or  their  toxic fragments) .  The toxins most  frequently used 

are diphtheria toxin (DT), Pseudomonas exotoxin A (PE), r icin, ricin 

A chain and a number of RIPs or ribosome inactivating proteins. 

Encouraging results  have been obtained for tumours such as B cel l  

lymphomas,  and in graf t  versus  host  d isease ,  where  the cel l s  are 

easi ly accessible to mAbs.  The major  l imitat ion of  ITs l ies  in the  

nature  of  the  cytotoxins  used,  which a l l  inhibi t  prote in  synthesi s .  

DT and  PE  modi fy  e longa t ion  o f  f ac to r  2  and  r i c in  A cha in  and  

RI P s  i nac t i va t e  mammal i an  r i bosomes .  S ince  t hese  t a r ge t s  a re  

cytosolic,  an IT  must  be  internal ised  and routed in tracel lu lar ly so  

t h a t  t h e  t o x i c  mo i e t y  c a n  e s c a p e  f r o m a  s u i t a b l e  i n t r a c e l l u l a r  

compar t men t  and  ga in  access  t o  t he  cy to so l .  A l l  t a r g e t ed  ce l l s  

must  therefore  b ind the  IT.  

The  cyto tox i c  A cha in  o f  r i c in  has  been  fused  to  a  scFv ,  and  to  

i so l a t ed  V  doma in s .  I n  a l l  c a se s  t o  da t e ,  r i c i n  A  cha in  fu s ion s  

r e t a i n  t h e  a b i l i t y  o f  r i c i n  A  c h a i n  t o  i n a c t i v a t e  m a m m a l i a n  

ribosomes. 

Another  approach would be to di rect  cytotoxic cel l s  to  the target  

t i s s u e  r a t h e r  t h a n  t o  d i r e c t  t o x i n s  t o  t h e  t i s s u e .  T h i s  i s  t h e  

p h i l o s o p h y  b e h i n d  t h e  c o n s t r u c t i o n  a n d  e x p r e s s i o n  o f  a  s c F v  

in ter leukin-2  fusion (SCA-IL-2) .  SCA -1L-2 prote in  re ta ins  the 

ability of IL-2 to activate cloned T cells and such a molecule,  with 

cell-type specifici ty,  should thus be capable of activating T cells in 

t h e  v i c i n i t y  o f  t h e  t a r g e t .  S u c h  a  s t r a t e g y ,  o f  c o u r s e ,  i s  n o t  

dependent  upon target ing of al l  cel ls .  

I n c r e a s e  o f  r e t e n t i o n  t i m e  a t  t h e  t a r g e t .  

T o  a c c u mu l a t e  a t  a  t a r g e t  c e l l ,  a  s ma l l ,  r e c o mb i n a n t  a n t i g e n -

b in d in g  mo l ec u l e  r equ i r e s  :  h i gh  a f f i n i t y  so  t ha t  t a r g e t  ca n  be  

b o u n d  i n  t h e  l o w  s e r u m  c o n c e n t r a t i o n s  r e s u l t i n g  f r o m  r a p i d  

clearance;  or  a high avidity,  to provide longer  residence of bound 

mater ia l  a t  a  tumour .  In  spi te  o f  a l l  i t s  a t t ract ive  featu res ,  a  scFv  

is  unl ikely to be  the best  possible der ivat ive  of  an antibody,  since  

it is univalent.  B i v a l e n c y  o f  a  w h o l e  I g G  m o l e c u l e  h a s  t w o  

advantages.  The fir st  of  these i s  the level  of  avidi ty.  If one arm 
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of an IgG molecule dissociates from the antigen, the other can st il l   

maintain contact.  T h e  f r e e  a r m  c a n n o t  d i f f u s e  f a r  a n d  i s   

main ta ined in  a  r egion  o f  h igh loca l  concen tra t ion o f  ant igen ,  so  

promoting re-binding. T he  second  advan tage  i s  dependent  upon  

the antigen.  An t ibod i e s  c ro s s - l i nk ing  some  an t i gens  s t imu la t e  

patching and capping of  ant igen,  leading to increased endocytosi s  

a n d  i n t e r n a l i s a t i o n  o f  a n t i b o d y ,  a  f e a t u r e  t h a t  s h o u l d  b e  

advan tageous  for  therapy.  

Fusion of  a  scFv gene to  a  gene encoding the  monomer  (protomer)  

o f  a  b ivalen t  (or  mul t iva len t )  pro te in  migh t  a l low express ion  of  

f u s i o n  p r o t e i n s  w i t h  h i g h  a v i d i t y .  I f  t h e  f u s i o n  p a r t n e r  i t s e l f  

posse sse s  su i t ab le  enzymic  ac t i v i t y  ( so  tha t  a  non - tox ic  p rodrug  

can be administered after  local isat ion to tumour)  or  binds a l igand 

with high affini ty (so that  modified  l igand can be aimed at  a pre -

t a r ge t ed  t umour ) ,  t hen  i t  shou ld  be  poss ib l e  t o  eng ine e r  a  two -

s t e p  t h e r a p e u t i c  s t r a t e g y .  T h i s  a l s o  h a s  a l l  t h e  a d v a n t a g e s  o f  

delaying del ivery of the therapeutic reagent,  in a form that  can be 

c a p t u r e d  b y  t h e  an t i b o d y  f r a g me n t  f u s i o n ,  u n t i l  t h e  t u mo u r  t o  

non-tumour rat ios of previously administered antibody/fusion are  

opt imal  and no s ignif icant  ci rculat ing antibody/fusion remains.  

C h o i c e  o f  a  s u i t a b l e  f u s i o n  p a r t n e r  

The  f i na l  s i ze  o f  t he  mu l t imer ic  complex  shou ld  no t  be  g rea t l y  

l a r ger  than  an  I gG mo lecu l e  ( i e  150  kD) .  As  a  f i r s t  a t t emp t  we  

aimed for a final size of between 150 - 180 kDa. Since a scFv is 

a p p r o x i m a t e l y  3 0 k D ,  a  d i m e r i c  f u s i o n  p a r t n e r  c o u l d  h a v e  a  

subuni t  s i ze  up to  60kDa.  The cons t ra in t s  are  much h igher  fo r  a  

tetrameric molecule,  which would need a subunit  size of 15kDa or  

less.  

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

in tercha in  nor  in t r achain  d i sulph ide bonds ( thus reduc ing l ike ly  

mi s fo ld ing  prob lems) ,  shou ld  be  r easonab ly  wel l  cha rac te r i s ed ,  

available in protein for controls,  and should be stable with subunit 

monomers  possess ing  a  h igh  a f f in i ty  fo r  each  o ther ,  in  case  they 

a re  expre ssed  in  d i s t r e ss ing ly  smal l  quan t i t i e s .  Fur thermor e ,  i t  

s h o u l d  b e  n o n - t o x i c  a n d  a m e n a b l e  t o  p r e p a r a t i o n  i n  a  f o r m  
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sui table for pre-clinical  or  cl inical  use or  be already in pre -cl inical  

or  cl inical  use.  The fusion partner  gene should also be cloned and 

sequenced. Since the preferred ex pression organism is Escherichia 

col i ,  the  fusion par tner  should  not  depend upon  glycosyla t ion for  

i t s  b iological  act iv i ty.  Final ly,  i f  possible,  the mul t imeric fusion 

partner  should bind a l igand with  high speci fici ty and affini ty,  or  

possess  a  sui table  enzymic act iv i ty,  so  that  i t  can  easi ly be  made  

into a molecule for  therapeutic intervention.  

As a fi rst  at tempt,  streptavidin has been chosen,  since it  f i ts  these 

c o n s t r a i n t s  r a t h e r  w e l l .  I t  i s  p r o d u c e d  b y  S t r e p t o m y c e s  a s  a  

homotetramer ic molecule of Mr 60,000 (subuni t  Mr,  15000) ,  that  

binds four molecules of the water -soluble vitamin biotin with high 

speci f i c i ty and a f f in i ty (Kd = 10 -8M)  for  b io t in .  Each subuni t  has  

a  t igh t ly packed "core% with  r e la t ively uns t ruc tured amino -  and  

c a r b o x y l - t e r m i n a l  e x t e n s i o n s .  T h e s e  t a i l s  a r e  t h o u g h t  t o  

con t r ibu te  to  a  l i t t l e -ment ioned  fac t  r egard ing  s t r ep t av id in  -  th i s  

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

a g g r e g a t e s .  M a n y  c o m m e r c i a l  f o r m s  o f  s t r e p t a v i d i n  a r e  

ex tens ive ly  p ro teo l i s ed ,  have  los t  the i r  uns t ruc tured  ex tens ions ,  

and  f o r m s t ab l e  t e t r a mer s .  T h e  ma t u r e  fo r m  o f  t he  p r o t e in  h a s  

been the  subject  of  recent  research,  and is  becoming increasingly 

well  character ised  and expressed in  E.  col i  and a  modified form of 

the gene is  avai lable commercially from Bri tish Biotechnology.  

A  s c F v - s t r e p t a v i d i n  f u s i o n  m i g h t  b e  e x p e c t e d  t o  e x h i b i t  

t e t r av a l en c y  f o r  a n t i g en  c oup l e d  w i th  a b i l i t y  t o  b i nd  b io t i n  o r  

b io t inyla ted  r eagen t s .  Th i s  l a t t e r  ac t iv i ty  would  a l low  for  easy,  

one-step detection methods,  making such a fusion potential ly very 

useful  for  diagnost ic purposes .  The expected long tumour hal f - l i fe 

o f  s uc h  a  t a r g e t e d  f u s io n  a nd  i t s  b io t i n  b in d in g  a b i l i t y  sh ou ld  

al low for  a therapeutical ly useful  molecule.  

I m m u n o t h e r a p y  r e v i e w  -  P e t e r  B e v e r l e y .  

I mmuno the rapy  has  b een  u sed  to  su ccess fu l ly  t r e a t  d i s e a s e s   

resistant  to  o ther  therapies.  One such disease ,  which has  a  number   

of analogies to LCH, is Hodgkins disease. In a report from Falini et  
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al  (Lancet  339:  May 16th  1992)  Hodgkins d i sease  that  had proven  

to  be  r esi s t ant  to  convent ional  forms  of  therapy was  t r ea ted  using 

a monoclonal antibody directed against CD30 or Kil ,  labelled with 

sa po r in .  T h i s  w a s  ad min i s t e r ed  a t  0 . 8 mg / kg  fo r  1 - 2  do se s  i n  4  

pa t i e n t s .  T u mour  r edu c t i on  o f  2 5  t o  100%  w a s  no t e d .  I n  v i t r o ,  

CD 30  i s  ex p r e s s e d  b y  ac t i v a t ed  T  ce l l s  a nd  i s  p r e s e n t  o n  s o me  

endothelial cells and B cells.  

I n  e x p e r i m e n t a l  m o d e l s \  i m m u n o t h e r a p y  u s i n g  a  r e c o m b i n a n t  

f r agmen t  o f  d iph t he r i a  t ox in  fu sed  t o  I L 2  has  been  f ound  t o  be  

act ive  in  vivo and in  v i tro .  In  v ivo the  use  of  th is  reagent  reduces 

t he  onse t  o f  d i abe t e s  me l i t u s  i n  mice .  I t s  e f f ec t  i s  t hought  t o  be  

due to binding of the IL2 to act ivated T cel ls  with ki l l i ng of those 

cel ls  and delay in onset  of the disease.  

The speci f i c  problems of  immunotherapy in  LCH were  d iscussed.  

The candidate target molecule is CD1a expressed by LCH cells. This 

a n t i g e n  i s  e x p r e s s e d  b y  n o r m a l  L a n g e r h a n s  c e l l s ,  c o r t i c a l  

thymocytes  and when certain monoclonal antibodies are used, it is 

also expressed by interdigi ta t ing ret iculum cel ls .  The loss of these 

cel l  populat ions would  no t  pose  a  major  prob lem as  a l l  would  be  

replenished by CDIa negative  precursor  cel l s .  

A  p rob l em wi th  th i s  approach  i s  nonspec i f i c  b ind ing  of  an t ibody 

t o  s i t e s  s u c h  a s  t h e  r e n a l  t u b u l e  a n d  s o m e  n e u r a l  c e l l s  w i t h  

consequent  unwanted toxic i ty.  

SESSION  V 

Chairmen R a p p o r t e u r  

P r o f e s s o r  P e t er  B e v e r l ey  P r o f e s s o r  P e t e r  B e v e r l e y  

P r o f e s s o r  A b u l  A b b a s  

Concluding  Di scuss ion  

Dr Abbas lead a  d i scussion of  fu ture  d i rec t ions  for  work  on LCH.  

He suggested  that  two areas  showed promise .  
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1 .  Diagnos i s  

a)  The work on clonali ty and immunophenotyping was promising 

b u t  m o r e  s a m p l e s  w e r e  n e e d e d  t o  e x t e n d  t h e s e  s t u d i e s .  F o r  

analysis of clonality control tissues (eg normal skin or PBMC) were 

n e e d e d .  F o r  t h e  i m m u n o h i s t o l o g y  f r o z e n  s p e c i m e n s  w e r e  

impor tant  and serum samples  for  PLAP assay.  

b)  M o r e  w o r k  o n  c y t o k i n e s  i n  t h e  l e s i o n s  w a s  r e q u i r e d  a s  

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

therapeutic options. He proposed immunohistochemical studies of  

cytokines to complement the mRNA studies of Dr Kannourakis. CSF 

and blood cytokines  should  be  examined more systemat ical ly and 

age matched controls wil l  be required.  

Work on cytokines should be extended to cover  cytokine receptors 

by immunohistochemist ry and a t  the  mRNA level .  

c)  There was a need to develop prognost ic cr i ter ia .  As yet  these  

a re  mainly  c l in ica l  e .g .  age ,  organ invo lvement ,  l iver  dysfunc t ion 

a n d  r e s p o n s e  t o  t r e a t m e n t .  C o n v e n t i o n a l  h i s t o l o g y  d o e s  n o t  

provide prognostic information but  immunohistology might  do so, 

especia l ly measurement of  prol i ferat ing cel ls .  

2 .  T r e a t m e n t  

I t  w as  s ug ge s t ed  t ha t  p a t i en t s  f a i l i ng  c on ve n t i on a l  t r ea t me n t s  

m i g h t  b e  c a n d i d a t e s  f o r  n e w  t r e a t m e n t s .  T h e s e  i n c l u d e  b o n e  

m a r r o w  t r a n s p l a n t s ,  a n t i b o d y - t o x i n  c o n j u g a t e s  o r  p e r h a p s  

cytokine antagonis ts .  A number  of  soluble  cytokine receptors  or  

antagonis ts  are  in  phase  1 /11 t r ia ls .  These  include IL -1-RA,  TNFR, 

IL-4R. 

The place  of  these  in  therapy remains to  be  defined,  par t icular ly 

s i nce  i t  i s  d i f f i cu l t  to  dec ide  when  a  mor e  conven t i ona l  t he r apy 

has failed.  

Conclus ion .  A key issue remains the collection of material and 

e s t a b l i s h m e n t  o f  a  r e g i s t r y  s o  t h a t  e x p e r i m e n t e r s  c a n  o b t a i n  

samples  to  work on.  


