
STUDIES OF 

IMMUNDREGULATION IN PATIENTS 

WITH JUVENILE DERMATUMYOSITIS

A t h e s i s  su b m it te d  by A lexander  F a i t h  
o f  U n i v e r s i t y  C o l l e g e ,  London, 

f o r  e x am in a t io n  f o r  th e  degree o f  
Doctor  o f  P h i lo s o p h y .

1



ProQuest Number: U036099

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest U036099

Published by ProQuest LLC(2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



Juvenile dermatomyositis (JDM) is a rare, inflammatory disease of children. The 
aetiology and pathogenesis of the disease are unknown, although it is believed to 
be autoimmune in origin.

The target antigens on affected tissues have not been identified and initial 
experiments failed to demonstrate significant differences between the proliferative 
responses of control and patient peripheral blood lymphocytes (PBL) to skeletal 
muscle antigens. In addition, autoantibodies with specificity for skeletal muscle or 
endothelial cell antigens were not detected by immunofluorescence. In the 
absence of detectable antigen specific responses to tissues in these patients, 
studies of immunoregulation were undertaken to determine whether defective 
lymphocyte function was contributing to the persistence of tissue damage. Such 
studies have not previously been undertaken in JDM patients.

In vitro experiments compared cooperation between mononuclear cells from the 
peripheral blood of 14 JDM and 8 adult polymyositis (PM) patients with 
appropriate normal controls. Mitogen stimulation experiments showed anergic 
proliferative responses (30-50% of controls) by adult patients’ cells in response to T 
cell mitogens. In contrast, JDM patients’ cells showed no significant differences in 
proliferative response to T cell mitogens but did show significantly elevated 
(p<0.01) spontaneous IgM production and significantly reduced (p<0.01) IgM 
production in response to pokeweed mitogen, compared to controls. Coculture 
experiments indicated a defect at the level of the T cell in JDM patients.

Analysis of T cell function in JDM patients was further investigated employing 
autologous stimulation as a model system. Significantly reduced proliferation, 
compared to controls, was measured (p<0.01) and, more significantly, four patients, 
in contrast to controls, were unable to generate suppressor T cells. These results 
could partially be explained by inability of JDM T cell populations to produce and 
respond to IL-2. These results were independent of corticosteroid therapy. A JDM  
serum factor, identified as an IgG antibody, was observed to inhibit autologous 
stimulation. Further study indicated that this effect was due to inhibition of 
responses to IL-2, although the antibody did not appear to directly bind IL-2 or the 
IL-2 receptor. Although experiments indicated that the antibody might have 
specificity for Human Lymphocyte Antigen class II determinants, this could not be 
confirmed.

The activity of NK cells in the peripheral blood of 18 JDM patients was found to be 
significantly less than that of controls (p<0.01). Sequential measurements showed 
that this was a consistent finding, not associated with corticosteroid therapy, 
disease severity or lymphopaenia. The activity of LAK cells from 15 JDM patients 
was also significantly less than controls (p<0.01). This was principally due to the 
low frequency of LAK precursors in patient PBL. The lymphocyte population 
exhibiting the major share of LAK activity in normals was shown to be the CD16+ 
NK population. However, T cells could be induced to express LAK activity, but, this 
was dependent on an NK cell intermediary. NK cells from JDM patients were 
unable to provide this cooperation.

These results demonstrate a number of defects of immunoregulation in PBL



populations from JDM patients. Since JDM has many features of systemic disease, 
these abnormalities may reflect immunopathological processes at disease sites. 
Defective interactions and cooperation between T, B and NK cells may be 
associated with tolerance abrogation and development and/or maintenance of 
autoimmune pathology.
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CHAPTER 1

1 .0  INFLAMMATORY MUSCLE DISEASE

In flam m a tio n  o f  s k e le ta l muscle can occur fo llo w in g  in fe c t io n  

u i th  b a c te r ia ,  v iru s e s  o r protozoan p a ra s ite s . Uhen the 

in fe c t io u s  organism has been e lim in a te d  from  host t is s u e s , 

in fla m m a tio n , uh ich  is  g e n e ra lly  o f  s h o rt d u ra t io n , u s u a lly  

re s o lv e s  (review ed by Kagan, 1904).

The term s p o ly m y o s it is  (PM) and de rm a tom ys itis  (DM) are used 

to  d esc rib e  ch ro n ic  c o n d it io n s , in  which in flam m a tio n  p e rs is ts  

(review ed by M astag lia  and Ojeda, 1905). S ince ch ro n ic  

in flam m ato ry  muscle d iseases are assoc ia ted  (a ) u i th  human 

lym phocyte an tig e n  (HLA) hap lo types common in  o th e r d iseases 

o f  p robab le  autoimmune o r ig in  and (b ) u i th  the  presence o f 

a u to a n tib o d ie s  in  serum (review ed by Pachman, 1906), an au to 

immune patho logy is  g e n e ra lly  b e lie ve d  to  be re sp o n s ib le  fo r  

th e  c o n d it io n s .

The expe rim en ta l work, described  in  t h is  th e s is ,  in v e s tig a te d  

p a t ie n ts  w ith  ju v e n i le  derm atom yos itis  (JDM) and in  t h is  

c h a p te r, th e  c l i n i c a l  fe a tu re s , proposed a e tio lo g y  and immuno- 

pa tho logy o f  JDM w i l l  be presented and cons ide red .

1.1 JUVENILE DERMATOMYOSITIS

1 .1 .1  C l in ic a l  Features

( i )  D e f in i t io n

Derm atom yositis (DM) is  d e fin e d  as a m u ltisys tem  

d isease , in  which a c h a r a c te r is t ic  s k in  rash is  

accompanied by muscle weakness (review ed by Pachman and 

M a ry jo u sk i, .1904). The term  ju v e n i le  derm atom yositis
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(JDM) is  used to  describ e  the  disease when i t  occurs in  

c h ild re n  belou the  age o f 16 yea rs .

( i i )  H is to r ic a l  Background

LJagner (1BB7) described a case o f  what he c a lle d  

"P o ly m y o s it is " .  The p a t ie n t had g e n e ra lise d  muscle 

weakness and a pronounced s k in  rash . U n v e rr ic h t (1B91) 

was f i r s t  to  use the  term  "D erm atom yos itis " because o f 

the  s k in  invo lvem en t, concu rren t w ith  muscle weakness, 

in  the  c o n d it io n . K a re l i tz  and LJelt (1932) were the 

f i r s t  to  comment on the  prominence o f  c h ild re n  among 

p a t ie n ts  w ith  DM.

( i i i )  Symptoms and D iagnosis

At p re s e n ta tio n , c h ild re n  are g e n e ra lly  m iserab le  and 

show s igns  o f  p rox im a l muscle weakness and /o r a s k in  

rash .

The c r i t e r ia  o f  Bohan and Pe ter (1975) are used by most 

c l in ic ia n s  to  e s ta b lis h  the  d ia g n o s is  o f  dermato

m y o s it is  in  both a d u lts  and c h ild re n  (Table 1 .1 ) .  A 

muscle b iopsy is  u s u a lly  perform ed, and evidence o f 

damage to  f ib r e s ,  to g e th e r w ith  a mononuclear c e l l  

i n f i l t r a t e  in  the  muscle are d ia g n o s tic  fe a tu re s

(reviewed by G lynn, 19BA). A lthough e le v a t io n  in  the 

serum o f  muscle de rive d  enzymes is  a c r i t e r io n  fo r  

d ia g n o s is , c re a tin e  phosphokinase (CPK) e s tim a tio n s  are 

u s u a lly  u n h e lp fu l in  m o n ito r in g  d isease a c t iv i t y

( M i l le r ,  Heckmatt and Dubow itz, 19B3). E le c tro 

myography is  used as an a id  to  d iagno s is  and to  

d is t in g u is h  m y o s it is  from  n e u ro lo g ic a l d iseases.
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TABLE 1

Diagnostic C rite r ia  fo r Dermatomyositis

1) Sym m etrica l weakness o f  l im b -g ir d le  m uscles.

2) Muscle b iopsy evidence o f  n e c ro s is  o f  muscle f ib r e s ;  

p e r ifa s c ic u la r  muscle a tro p h y ; v a r ia t io n  in  f ib r e  

s iz e ; an in flam m atory  exudate, o fte n  p e r iv a s c u la r .

3) E le v a tio n  in  serum o f  s k e le ta l muscle enzymes, 

p a r t ic u la r ly  c re a tin e  phosphokinase.

k)  E lectrom yograph ic a b n o rm a lit ie s .

5) Derm ato logic fe a tu re s  in c lu d in g  l i l a c  d is c o lo u ra t io n

o f  the  e y e lid s ; a sca ly  erythem atous d e rm a tit is  over 

the  dorsum o f  the  hands and invo lvem ent o f  the  fa ce , 

neck, upper to rs o ,  knees and elbows.

The m ajor p a th o lo g ic a l a b n o rm a lit ie s  are lo c a lis e d  in  

muscle a lthough  patho logy o f  the  sm a ll b lood vesse ls  in  

the  s k in ,  g a s t ro in te s t in a l t r a c t ,  f a t  and sm a ll nerves 

have a ls o  been observed where m a te r ia l has been 

a v a ila b le  (Banker and V ic to r ,  1966, reviewed by 

Pachman, 1986). G a s tro in te s t in a l v a s c u l i t is ,  w ith  

mucosal u lc e ra t io n  and p e r fb ra t io n ,  is  more common in  

the  ch ildhood  form  o f  DM than in  a d u lts  and t h is  may be 

a cause o f  death in  some p a t ie n ts  (Spencer e t  a l .
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190*0. P a tie n ts  u i th  JDM may a lso  have a r e s t r ic t iv e  

decrease in  v e n t i la to r y  c a p a c ity  due to  involvem ent o f  

re s p ira to ry  muscles and death may occur in  some 

p a t ie n ts  due to  f ib ro s in g  a lv e o l i t i s  (Pachman and 

M a ry jo u sk i, 190*0. Cardiac invo lvem ent in  JDM has been 

le s s  u e l l  s u b s ta n tia te d  (A s k a r i,  190*t), a lthough  p o s t

mortem re s u lts  from  *+ out o f  0 JDM p a t ie n ts  inc luded  

evidence o f  subendocard ia l and m yocard ia l in flam m atory 

c e l l  i n f i l t r a t e s  (Banker and V ic to r ,  1966). S o ft t is s u e  

c a lc i f ic a t io n  ( c a lc in o s is )  can be the  most d e b i l i t a t in g  

consequence o f  JDM (Pachman, 1906). I t  is  o fte n  

unresponsive to  therapy and ca lc ium  d e p o s its  may 

lo c a lis e  in  tendons, r e s t r ic t in g  m o b il i t y .

( iv )  C la s s i f ic a t io n

There is  co n trove rsy  over the  c la s s i f ic a t io n  o f JDM 

p a t ie n ts  u i t h in  the  spectrum o f  in flam m atory  muscle 

d isease . Bohan and Peter (1975) d e fin ed  prim ary 

" id io p a th ic "  DM as a separa te  c la s s i f ic a t io n  but d id  

no t d is t in g u is h  ju v e n i le  from  a d u lt  d isease . Banker and 

V ic to r  (1966) and Banker (1975) s tresse d  th a t  the  

h is to lo g ic a l and c l i n i c a l  m a n ife s ta tio n s  uere unique to  

c h i ld re n ,  c a l l in g  JDM a "sys tem ic  ang iopathy o f  

c h ild h o o d " . Th is  suggested th a t  m y o s it is  m ight be on ly  

one symptom o f  a p rim ary  v a s c u l i t is  a f fe c t in g  many 

d i f f e r e n t  t is s u e s .  Th is  concept has been endorsed by 

C arpenter e t a l  (1976) but has been d ispu ted  by Hudgson 

and Pe ter (190*t) who, w h ile  accep ting  th a t  some cases 

o f  JDM showed evidence o f m u lti-s y s te m  d isease,
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b e lie ve d  th a t  the  m a jo r ity  conformed to  a d isease w ith  

muscle as the  p rim ary ta rg e t  organ.

Spencer e t a l (190*0 d e fin ed  th re e  courses o f  tre a te d  

JDM.

(A) P a tie n ts  who responded w e ll to  c o r t ic o s te ro id  

the rapy and have o n ly  a b r ie f  d isease .

(B) P a tie n ts  who re lapsed  a f te r  m ed ica tion  was d is 

con tin ued .

(C) P a tie n ts  who re lapsed  be fo re  m ed ica tion  cou ld  be 

w ithdraw n.

P a tie n ts  in  groups B and C had a re c u r re n t,  re la p s in g  

p a tte rn  o f  d isease w ith  extended d u ra t io n  o f  rash and 

muscle weakness. P a tie n ts  in  group C had more severe 

c a lc in o s is  and s k in  a tro p h y . Crowe e t a l  (1902) a lso  

d is tin g u is h e d  a group o f  p a t ie n ts  s u f fe r in g  from the  

severe v is c e ra l form  o f  JDM in  which cutaneous and

e n te r ic  u lc e ra t io n  re s u lte d  from  v a scu la r o c c lu s io n .

(v )  Vascu la r Lesions and Muscle Patho logy

There have been, d u rin g  the  p resen t decade, two 

d e ta ile d ,  re tro s p e c tiv e  s tu d ie s  o f  the  h is to p a th o lo g y  

o f  JDM p a t ie n ts .  Crowe e t a l  (1902) s tu d ie d  the  muscle

b io p s ie s  o f 29 p a t ie n ts  w h ile  Bowyer e t a l  (1906)

examined s k in  b io p s ie s  from  1*t p a t ie n ts .

P a tie n ts  who d isp la yed  a pro longed u n re m itt in g  course 

o f disease o fte n  presented w ith  severe cutaneous 

v a s c u l i t is  e a r ly  in  t h e i r  i l ln e s s  (Bowyer e t a l ,  1906).
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E a r l ie s t  a b n o rm a lit ie s  seen on s k in  b iopsy cons is te d  o f  

e n d o th e lia l in ju r y  in  dermal c a p i l la r ie s  and venu les . 

P a tie n ts  u i th  e x tens ive  cutaneous va scu lo p a th y t 

m anifested by an u lc e ra t in g  ra sh , a lso  shoued most 

severe muscle invo lvem en t, and responded p o o rly  to  

tre a tm e n t.

U ith in  the  a ffe c te d  muscle, a spectrum o f  e n d o th e lia l 

c e l l  changes p rog ress ing  from s u e ll in g  to  n e c ro s is  and 

o b l i t e r a t io n  has been re p o rte d  in  the  sm a ll blood 

vesse ls  (Croue e t a l ,  1902). C a p il la r ie s ,  venules and 

sm a ll a r te r ie s  shou evidence o f  damage, u i th  lo ss  o f 

muscle c a p i l la r y  ne tuo rk  (Pachman and M a ry jousk i, 

190*0, uhereas i t  uas o f  v a r ia b le  occurrence in  a d u lt  -  

onset DM (Pachman, 1906). Croue e t a l  (1902) have 

suggested th a t  poor p e rfu s io n  due to  vascu lopa thy uas 

an im po rtan t element in  muscle ueakness in  p a t ie n ts  

u i th  both l im ite d  and ch ro n ic  JDM, suggesting  a s im ila r  

pathogenesis fo r  the  tuo  c o n d it io n s .

The e x te n t o f  in flam m atory  c e l l  i n f i l t r a t i o n  in  

va scu la r and muscle le s io n s  is  c o n tro v e rs ia l.  Bouyer 

e t a l  (1906) re p o rte d  th a t  v a s c u la r le s io n s  cou ld  occur 

in  the  presence o r absence o f  a prom inent in flam m atory 

component. Croue e t a l  (1902) suggested th a t  

in flam m ation  in  muscle as in d ic a te d  by mononuclear c e l l  

i n f i l t r a t i o n  uas u s u a lly  a m inor m orpho log ica l 

in d ic a to r  o f  d isease . Glynn (190*0, houever, u h i le  

accep ting  th a t  the  in te n s ity  o f  i n f l i t r a t i o n s  may be 

extrem ely v a r ia b le  and th a t  th e re  may be no obvious
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c o r re la t io n  between damaged f ib r e s  and the  degree o f 

in flam m atory  c e l l  i n f i l t r a t i o n ,  s ta te d  th a t  the  

h is to lo g ic a l d iagno s is  depended on the  unequ ivoca l 

presence o f  in flam m ation  and f ib r e  damage.

A lthough Crowe e t a l  (19B2) contended th a t  lym phocytic  

v a s c u l i t is  was not g e n e ra lly  observed, except in  severe 

ch ro n ic  cases o f  JDM, o th e r workers have emphasised the  

im portance o f  the  p e r iv a s c u la r  in flam m ato ry  i n f i l t r a t e  

in  the  disease (Arahata and Engel, 190*+). I t  is  

p o s s ib le  th a t  d isc re p a n c ie s  between d i f f e r e n t  groups 

rega rd ing  the  presence o f  the  in flam m ato ry  i n f i l t r a t e  

were due to  (a ) v a r ia t io n  in  p rog ress ion  o f  d isease 

when p a t ie n ts  presented (b ) sam pling e r ro rs  (G lynn, 

198*0.

Damage to  f ib r e s ,  w ith in  a f fe c te d  m uscle, may be 

v a r ia b le  (Crowe e t a l ,  1902). In co m p le te ly  damaged 

f ib r e s  showed a ttem pts a t re g e n e ra tio n  but o th e r 

s tu d ie s  have shown th a t  where re g e n e ra tio n  is  

unsuccess fu l, co llagenous sca r t is s u e  and fa t  rep laced  

destroyed f ib re s  (G lynn, 190*+; Pachman, 1986). In  

c o n tra s t to  a d u lt  PM, where im m unoh is to log ica l evidence 

o f  c y to to x ic  T c e l ls  in vad ing  basa l lam ina , d e s tro y in g  

and re p la c in g  muscle f ib r e s ,  e x is ts  (A rahata and Engel, 

1986), th e re  is  no evidence o f  such a pa tho logy in  JDM.

(v i )  Incidence and Genetics

The inc idence  o f  JDM is  10-20 tim es more fre q u e n t than 

PM in  the  ju v e n i le  age group and female preponderance 

has been re po rte d  w ith  a r a t io  o f  2:1 (Pachman and
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M a ry jo u sk i, 190^). The a s s o c ia tio n  w ith  malignancy 

in  a d u lt  PM p a t ie n ts  w ith  m y o s it is  has no t been found 

in  JDM (Pachman, 1906).

These are very feu  re p o r ts  o f  a f a m i l ia l  inc idence  o f 

JDM, a lthough  in  a recen t p u b lic a t io n  (H o ra t i,  IMikayan 

and Bergman, 1906), id e n t ic a l tu in s  developed JDM, 2 

ueeks a p a rt,  fo l lo u in g  upper re s p ira to ry  t r a c t  

in fe c t io n .

T issue ty p in g  s tu d ie s  have p rov ided  evidence o f  s im ila r  

g e n e tic  background in  p a t ie n ts  s u f fe r in g  many diseases 

o f presumed autoimmune o r ig in  (Todd e t a l ,  1900).

Typing fo r  HLA an tigens  A and B shoued a 

s ig n i f ic a n t ly  increased frequency o f  HLA -  B0 in  16 

u h ite  JDM p a t ie n ts  (Friedman e t a l ,  1903a). In  a 

fu r th e r  s tu d y , an a s s o c ia tio n  betueen HLA-DR3 and JDM 

(es tim a ted  r e la t iv e  r is k  3 .0 )  uas observed (90% o f 

p a t ie n ts  p o s it iv e  fo r  DR3) independent o f  the  e th n ic  

o r ig in  o f  the  t o t a l  o f  51 p a t ie n ts  te s te d , suggesting  

th a t  DR3 o r a gene in  lin k a g e  d is e q u ilib r iu m  u i th  DR3 

may pred ispose to  the  development o f  JDM (Friedman e t 

a l ,  1903b).

( v i i )  Treatment

Before the  use o f  c o r t ic o s te ro id s  in  th e ra p y , death 

occurred in  a t h i r d  o r more o f  c h ild re n  u i th  JDM and 

severe r e s t r ic t io n  o f  movement in  ano ther t h i r d .  I t  is  

g e n e ra lly  b e lie ve d  to  be the  advent o f  c o r t ic o s te ro id s  

uh ich  has reduced the  number o f  deaths in  these
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p a t ie n ts  (Pachman and M a ry jo u sk i, 1904). In  a c t iv e  

severe cases h igh doses o f  p re d n iso lo n e , up to  

2mg/Kg/24h are g ive n . The c o m p lica tio n s  o f  long term

s te ro id  therapy can be bone n e c ro s is , d ia b e te s ,

hype rtens ion  and s te ro id  myopathy.

Since the  pathogenesis o f  the  d isease is  u n c e rta in , the  

method o f  drug s e le c t io n  has been e m p ir ic a l.  The

presence o f an in flam m ato ry  i n f i l t r a t e  in  s ite s  o f  

muscle damage in  p a t ie n ts  u i th  m y o s it is  suggested 

aspects o f  autoimmune pa tho logy (Cambridge, 1984b; 

Arahata and Engel, 1904). T h e re fo re , immunosuppressive 

drugs have been used in  the  trea tm en t o f  JDM p a t ie n ts  

uho do not respond to  s te ro id  therapy o r uho s u f fe r  

from s te ro id  t o x ic i t y  (Pachman, 1986).

A z a th io p r in e , m etho trexa te  and cyclophosphamide have 

a l l  been p re sc rib e d  but th e re  has been no c o n tro lle d  

t r i a l  o f  the  use o f  immunosuppressive drugs in

a s s o c ia tio n  u i th  c o r t ic o s te ro id s .  O p p o rtu n is t ic  

in fe c t io n s ,  p a r t ic u la r ly  sep ticaem ia  and pneumonia may 

be a p o te n t ia l ly  se r io u s  s id e  e f fe c t  o f  g iv in g  an 

immunosuppressive agen t, p a r t ic u la r ly  in  com bination 

u i th  c o r t ic o s te ro id s  (Bunch, 1901). A recen t t r i a l  o f  

c y c lo s p o r in  A (CsA) in  14 JDM p a t ie n ts  re f r a c to r y  to  o r 

s u f fe r in g  co m p lica tio n s  from  c o r t ic o s te ro id s  o r 

cyclophosphamide has dem onstrated the  b e n e f ic ia l 

e f fe c ts  o f  the  d rug . M o b il i t y  increased in  13/14 

p a t ie n ts ,  improvements in  the  mood o f  a l l  p a t ie n ts  

tre a te d  uere no ted, and no in c id e n ts  o f  CsA induced
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n e p h ro to x ic ity  occurred (Heckmatt e t a l ,  in  p re s s ). 

The b e n e f ic ia l e f fe c ts  o f  immunosuppressive drugs in  

JDM im p lie s  a ro le  fo r  the  immune system in  the  

pathogenesis o f  the  d isease .

Plasmapheresis has been used in  therapy (Dau and 

Bennington, 19B1). Most cases showed a t ra n s ie n t  

r e l i e f  o f  symptoms w ith  re lap se  usua l a f te r  cessa tio n  

o f  trea tm en t (Cambridge, 19B^a). In travenous serum 

g lo b u lin  therapy s u c c e s s fu lly  a l le v ia te d  symptoms in  

the  one re po rte d  case (Roifman e t a l ,  19B7).

1 .1 .2  A e tio lo g y

The a e tio lo g y  o f  JDM is  unknown. Most a v a ila b le  evidence 

seems to  im p lic a te  an i n i t i a l  in s u l t  to  s k e le ta l muscle by an 

in fe c t io u s  agen t, and the  response to  t h is  in s u l t  in  

g e n e t ic a l ly  s u s c e p tib le  in d iv id u a ls ,  r e s u lt in g  in  the  d isease .

( i )  A s s o c ia tio n  o f  V i r a l  In fe c t io n  u i t h  M y o s it is

A number o f  v iru s e s  can cause a ben ign , acute m y o s it is  

in  man in c lu d in g  C oxsack iev irus  A and B, in flu e n z a  A 

and B, p a ra in flu e n za  and adenovirus 2 (M as tag lia  and 

O jeda, 19B5). In  the  epidem ic form  o f  p o s t- in f lu e n z a l 

m y o s it is ,  u s u a lly  on ly  c h ild re n  are a f fe c te d .  During 

the  a c t iv e  phase, serum CPK le v e ls  are u s u a lly  

e le va te d , e lectrom yographs may show m yopathic changes 

and evidence o f  n e c ro t is in g  in flam m ato ry  myopathy can 

be found on muscle b iopsy (R u ff and S e c r is t ,  19B2).

I t  is  presumed th a t  m y o s it is  r e s u lts  from in fe c t io n  o f 

muscle by v iru s  but a ttem pts  a t v iru s  is o la t io n  from
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p a t ie n ts  u i th  p o s t- in f lu e n z a l m y o s it is  have been 

unsuccessfu l (M as tag lia  and O jeda, 1985). In flu e n z a  

v ir u s  has, houever, been is o la te d  from  muscle in  a case 

o f  severe n e c ro t is in g  myopathy assoc ia ted  u i th  

m yog lob inu ria  and in  some cases o f  Reye's syndrome in  

uh ich  m y o s itis  may occur (M as tag lia  and O jeda, 1985).

A d e f in i t e  a s s o c ia tio n  o f  a p ic o rn a v iru s , e ch o v iru s , 

u i th  m y o s it is  has been observed in  a group o f  p a t ie n ts  

u i th  hypogammaglobulinaemia, uho f a i le d  to  make an 

an tib ody  response to  v iru s  (W ebster, 1984). The 

p ic o rn a v iru s , C oxsack iev irus  B, has been is o la te d  from 

p a t ie n ts  u i th  Bornholm d isease , a benign acute m y o s it is  

a f fe c t in g  the  chest muscles (D u b o v itz , 1985).

During the  1970's th e re  uere many re p o r ts  o f  u l t r a -  

s t r u c tu r a l  changes, resem bling p ico rn a  v iru s  p a r t ic le s ,  

de tec ted  in  muscle b io p s ie s  from  p a t ie n ts  u i th  m y o s it is  

(rev ieue d  by S c h ira ld i and Ia n d o lo , 1978). More recen t 

in te rp re ta t io n s  o f  these e le c tro n  m icroscope s tu d ie s  

have suggested th a t  the  v i r u s - l ik e  c r y s ta l l in e  a rra ys  

uere a c tu a lly  e i th e r  glycogen aggregates (Denman, 1984) 

o r due to  the  disease process i t s e l f  (Kagan, 1984). 

Denman (1984) has s ta te d  th a t  th e re  uere no c o n s is te n t 

u l t r a - s t r u c tu r a l  changes com patib le  u i th  v iru s  

in fe c t io n  in  any adequate ly c o n tro lle d  study o f 

p a t ie n ts  u i th  PM and DM.

( i i )  The A s s o c ia tio n  o f  C oxsack iev irus  In fe c t io n  u i t h  JDM

C oxsack iev iruses A and B, members o f  the  p ic o rn a v iru s  

fa m ily  are the  most m yotrop ic  o f  human v iru s e s  and are

29



estim ated to  cause the  m a jo r ity  o f  acute m y o s it is  and 

m y o c a rd it is  in  the  Western w o rld  (G r is t  and B e l l ,  

1974). C oxsack iev iruses are a lso  known to  in fe c t  

e n d o th e lia l c e l ls  ( E s t r i  and Huber, 19B7). Coxsackie

v iru s  B (CUB) was is o la te d  from  a JDM p a t ie n t  35 years 

ago (Zweym uller, 1953). S ince then th e re  have been 

on ly  two d e s c r ip tio n s  o f  C oxsack iev irus  is o la t io n  from  

ju v e n i le  m y o s it is  p a t ie n ts  (Tang e t a l ,  1975; S c h ira ld i 

and Ia n d o lo , 197B). The is o la te  ob ta ined  by Tang e t a l  

(1975) was o f  Coxsackie A 9 subtype and grown in  human 

amnion c e l ls .  U iru s  c r y s ta l l in e  s tru c tu re s  were a ls o  

de tected  in  the  p a t ie n t 's  muscle b iopsy . S c h ira ld i and 

Iando lo  (1970) is o la te d  Coxsackie B2 from a s to o l 

sample. There are se ve ra l problems assoc ia ted  w ith  the  

is o la t io n  o f v iru s  from muscle b iopsy in c lu d in g :

(a ) la c k  o f s u f f ic ie n t  t is s u e  fo r  the  is o la t io n  o f 

p o te n t ia l organisms

(b) la c k  o f s u ita b le  s u s c e p tib le  c e l l  l in e s .

S e ro lo g ic a l s tu d ie s  have revea led  an a s s o c ia t io n  

between C oxsack iev irus  in fe c t io n  and JDM (Denman, 

1904). The presence o f  complement f ix in g  (CF) 

a n tib o d ie s  to  these v iru s e s  can be de tec ted  fo r  o n ly  a 

few months a f te r  in fe c t io n  and in  a d e ta ile d  s tu d y , 

C hris tensen e t a l  (1906) showed 03% o f  serum samples 

taken w ith in  4 months o f  d isease onset in  12 JDM 

p a t ie n ts  had CF an tibody  to  1 o r more CUB a n tig e n s . CF 

a n tib o d ie s  to  B1, B2 and B4 Coxsackie subtypes were a l l  

s ig n i f ic a n t ly  ra is e d . Only 25% o f  serum samples from



c h ild re n  h o s p ita lis e d  because o f  v i r a l  syndromes and 

25% o f  ju v e n i le  rheum atoid a r t h r i t i s  (JRA) p a t ie n ts 's  

serum con ta ined  CF a n tib o d ie s  to  CUB. In  s e r ia l  

s tu d ie s  o f  the  12 JDM p a t ie n ts ,  rem iss ion  c o rre la te d  

u i th  lo s s  o f  CF an tib ody  and p e rs is te n ce  o f  d isease 

u i th  e le v a t io n  o f  CF a n tib o d y , suggesting  p e rs is te n t  

a n t ig e n ic  s t im u la t io n .  There uas no d if fe re n c e  betueen 

JDM and JRA p a t ie n ts  in  CF a n tib ody  le v e ls  to  13 o th e r 

v iru s e s  te s te d .

Travers e t a l (1977) measured n e u tra l is in g  an tib ody  to  

C oxsack iev irus  in  tuo  a d u lt  DM p a t ie n ts  u i t h in  tuo  

months o f  d isease onse t. Antibody t i t r e s  to  Coxsackie 

BA increased fo u r fo ld  over a 2-A ueek pe rio d  u h i le  

an tibody  t i t r e s  to  12 o th e r v iru s e s  remained unchanged.

The development o f  gene p rob ing  methods nou a llo u s  the  

d e te c tio n  o f  v i r a l  genome in  human t is s u e s .  Using a 

p ico rna  v iru s  a n ti-s e n s e  DIMA probe, Boules e t a l (1907) 

de tec ted  v i r a l  RIMA in  A/B JDM but no t from d y s tro p h ic  

muscle b io p s ie s . Houever, the  c e l lu la r  lo c a l is a t io n  o f  

the  v i r a l  g e n e tic  m a te r ia l cou ld  no t be de term ined . 

Th is o b se rva tio n  re q u ire s  to  be con firm ed , in  a la rg e r  

panel o f  p a t ie n ts  and c o n t ro ls .  I t  may a lso  be 

p o s s ib le  to  is o la te  s u f f ic ie n t  messenger RIMA from  

tis s u e s  fo r  sequence s tu d ie s  uh ich  cou ld  id e n t i f y  the  

p a r t ic u la r  CUB sub type (s ) p resen t in  muscle from JDM 

p a t ie n ts .  CUB is  u b iq u ito u s  and ye t JDM is  a very ra re  

d isease . T h e re fo re , i t  is  p o s s ib le  th a t  JDM is  

assoc ia ted  u i th  a p a r t ic u la r  subtype o f CUB, o r th a t
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o th e r g e n e tic  and im m unologica l fa c to rs ,  c o n t r o l l in g  

the  host response to  v ir u s ,  p red ispose to  d isease .

( i i i )  O ther P ass ib le  A e t ia lo g ic a l Agents o f  JDM

Although in flu e n z a  v iru s  types A and B have been 

assoc ia ted  u i th  acute t ra n s ie n t  le g  muscle m y o s it is  in  

c h ild re n ,  Koch e t a l  (1975) d id  not f in d  s ig n i f ic a n t ly  

increased serum an tibody  le v e ls  to  in flu e n z a  v iru s e s  in  

JDM p a t ie n ts .

P a ras ite s  such as Toxoplasma can cause DM (M as tag lia  

and O jeda, 1985) but in  one s tudy on ly  1/A JDM p a t ie n ts  

had complement f ix in g  a n tib o d ie s  to  Toxoplasma G ond ii 

(Kagen, K im ba ll and C h r is t ia n ,  197A).

A DM -like syndrome uas observed in  a c h i ld  u i th  ch ro n ic  

g ra ft-v e rs u s -h o s t (Gl/H) d isease a f te r  bone marrou 

t ra n s p la n ta t io n  (Anderson e t a l ,  1982). G ra ft-v e rs u s -  

host d isease is  assoc ia ted  u i th  increased 

s u s c e p t ib i l i t y  to  v i r a l  in fe c t io n ,  a lte re d  immune 

fu n c t io n  and autoim m unity (Ch 2 .7 ) a lthough  no evidence 

o f v i r a l  in fe c t io n  uas observed in  the  above case.

Derm atom yositis has been described  in  se ve ra l cases 

fo l lo u in g  BCG v a c c in a tio n  (Kass e t a l ,  1979). BCG has 

been shoun to  induce IFI\l-tf p ro d u c tio n  by T c e l ls  

(Engleman e t a l ,  1981) and these au tho rs  a lso  suggested 

th a t  IFIM-ff may p o te n t ia te  autoimmune d isease , a r is in g  

as a r e s u lt  o f  antecedent in fe c t io n .  IFIM-0 has been 

de tected  in  the  serum o f p a t ie n ts  u i th  v a s c u l i t is  

(Hooks e t a l ,  1982) and in  the  basement membrane o f
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muscle f ib r e s  in  b io p s ie s  from a d u lt  PM p a tie n ts  

(Isenberg  e t a l ,  1906).

( iv )  Conclusion

In fe c t io u s  organisms as d ive rse  as v iru s e s  and protozoan 

p a ra s ite s  may cause a D M -like i l ln e s s  in  c h i ld re n .  In  most 

cases, t h is  is  acu te , the  symptoms re s o lv in g .  In  some 

p a t ie n ts ,  c h ro n ic  d isease r e s u lts .  A lthough CUB may be the 

p r in c ip a l a e t io lo g ic a l agent o f  the  d isease , the  evidence is  

l im i te d .  The obse rva tions  o f  in fe c t io n  o f muscle u i th  CUB and 

the  presence o f  CF a n tib o d ie s  to  CUB in  JDM p a t ie n ts  may be 

due to  o p p o rtu n is t in fe c t io n s  (W oodru ff, 1900).

1 .1 .3  Immunopathology o f  JDM

In  th is  s e c t io n , the  im m unoh istopatho logy, c e l lu la r  immunology 

and se ro logy o f  JDM and anim al models o f  the  d isease u i l l  be 

rev ieu ed .

( i )  Muscle B iops ies

There have been feu  im m unohistochem ical in v e s t ig a t io n s  

o f  in flam m atory  c e l ls  in  muscle le s io n s  and none o f  

s k in  le s io n s . The re s u lts  o f  such in v e s t ig a t io n s  have, 

houever, a ided a ttem pts  a t u n ra v e ll in g  the  immuno- 

pa tho logy o f  c h ro n ic  in flam m ato ry  muscle d iseases and 

d i f fe r e n t ia te d  these d iseases a t the  c e l lu la r  le v e l.

Arahata and Engel (190A) examined muscle b io p s ie s  from 

6 JDM p a t ie n ts  and q u a n tita te d  mononuclear c e l l  

i n f i l t r a t e s  fo r  k o f  the  p a t ie n ts .  At both p e r iv a s c u la r  

and endom ysial s i te s ,  B c e l ls  uere fa r  more abundant 

than in  a d u lt  PM and scleroderm a b io p s ie s . B c e l ls
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uere most abundant a t p e r iv a s c u la r  s i te s ,  re p re s e n tin g  

4B% o f the  i n f i l t r a t e  compared to  36% T c e l ls  o f  uh ich  

60% uere CD4+. At endom ysial s i te s ,  CDB+ c e l ls  uere 

the  predominant T c e l l  type  but th e re  uere 

s ig n i f ic a n t ly  fe u e r CD8+ c e l ls  in  JDM compared to  PM 

b io p s ie s . Only 16-20 % o f  T c e l ls  uere es tim ated  to  

express c la s s  I I  a n tig ens  but double la b e l l in g  o f 

s e c tio n s  uas not done in  o rde r to  v a l id a te  th is  f ig u r e .

Behan e t a l (1987) o n ly  in c lud ed  1 JDM p a t ie n t in  t h e i r  

im m unohistochem ical s tudy but found th a t  B c e l l  

i n f i l t r a t i o n  uas s ig n i f ic a n t ly  increased in  muscle 

b io p s ie s  from  6 a d u lt  DM p a t ie n ts  u i th  acute ( re c e n tly  

diagnosed) d isease compared to  4 PM p a t ie n ts  a lso  u i th  

acute d isease . In  c o n tra s t to  B c e l ls ,  macrophage 

i n f i l t r a t i o n  uas s ig n i f ic a n t ly  reduced in  DM compared 

to  PM b io p s ie s .

E n t ire ly  d i f f e r e n t  r e s u lts  uere ob ta ined  by M i l le r ,  

Smith and M ichael (1987) in  t h e i r  s e r ie s  o f  8 JDM 

muscle b io p s ie s . They found no s ig n i f ic a n t  d iffe re n c e s  

in  numbers o f  i n f i l t r a t i n g  CD3, CD4 o r CD8 c e l ls  and B 

c e l ls  in  JDM compared u i th  a d u lt  PM b io p s ie s . They d id ,  

houever, c la im  to  f in d  s ig n i f ic a n t ly  increased numbers 

o f CD2 express ing  c e l ls  in  PM as opposed to  JDM 

b io p s ie s . The au tho rs  d id  no t comment on the 

d iscrepancy betueen the  number o f  c e l ls  s ta in in g  u i th  

CD2 compared to  CD3. Th is  uas u n l ik e ly  to  be due to  

i n f i l t r a t i n g  IMK c e l ls ,  uh ich  a lthough  they may be 

presen t in  in flam m ato ry  muscle i n f i l t r a t e s ,  may
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rep resen t on ly  1-2 % o f the  i n f i l t r a t e  (Behan and

Behan, 1907). M i l le r ,  Smith and M ichae l (1907) s ta te d  

th a t  when 2 samples from a s in g le  b iopsy were 

eva lua ted , d i f f e r e n t  r e s u lts  were ob ta ined  and 

th e re fo re  sam pling e r ro r  had to  be tken  in to  accoun t. 

Furtherm ore 1-2 fo ld  v a r ia b i l i t y  uas found fo r  each 

an tibody  te s te d .

I t  is  extrem ely d i f f i c u l t  to  re c o n c ile  these 

d isc rep anc ies  in  re s u lts  between d i f f e r e n t  groups. I f  

the  in flam m atory  i n f i l t r a t e  is  v a r ia b le  in  a f fe c te d  

t is s u e  (G lynn, 19BA), sam pling e r ro r  is  c le a r ly  a 

cons ide rab le  problem .

The presence o f  macrophages and a c t iv a te d  T c e l ls  a t 

p e r iv a s c u la r  s ite s  suggested th a t  c y to k in e s  secre ted  by 

these c e l ls  may c o n tr ib u te  to  vascu lopa thy and muscle 

f ib r e  damage (Clowes e t a l ,  1903; Talmadge e t a l ,

1987). The presence o f  B c e l ls  in  c e l l  c lu s te rs  u i th  

macrophages and T c e l ls  (A rhata  and Engel, 19BA), a t 

p e r iv a s c u la r  s i te s ,  in d ic a te d  p o s s ib le  s e c re t io n  o f  

im m unoglobulins ( I g ) .

W hitaker and Engel (1972) showed an tib ody  and 

complement d e p o s it io n , u s u a lly  l im ite d  to  the  w a lls  o f  

sm a ll blood ve sse ls , in  muscle t is s u e  from 2 JDM 

p a t ie n ts .  Crowe e t a l  (1982) found th a t  vesse ls  

e x h ib it in g  non-in flam m atory  vascu lopa thy were o fte n  

re a c t iv e  w ith  a n ti- Ig M  and a n ti-C 3  reage n ts . K is s e l,  

M endell and Ramohan (1986), us ing  an antise rum  to  the  

C5b-9 membrane a tta c k  complex (MAC) de tec ted  in te n se
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s ta in in g  fo r  MAC o f  blood vesse ls  in  b io p s ie s  from 

10/12 JDM p a t ie n ts .  D e pos ition  o f  MAC was

predom inantly  in  the  endom ysial a r te r io le s  and 

c a p i l la r ie s ,  a lthough some la rg e r  p e r im y s ia l a r te r io le s  

a lso  showed d e p o s it io n  o f MAC. Vessels p o s it iv e  fo r  

MAC a lso  had IgM d e p o s it io n . A lthough these au thors 

cla im ed th a t  MAC was not de tec ted  in  m ic rovascu lu tu re  

o f  p a t ie n ts  w ith  non -in flam m atory  neuromuscular 

d iseases, Sewry e t a l  (1907) have de tec ted  C8 and C9 

d ep os its  in  vesse ls  from the  b io p s ie s  o f  some Duchenne 

m uscular dystrophy p a t ie n ts .

( i i )  C e ll Mediated Immunity

(a) Responses to  T issue S p e c if ic  A n tigens

Im m unoh is to log ica l r e s u lts ,  presented in  the  

p rev ious  s e c t io n , cou ld  be in te rp re te d  as evidence 

fo r  a u to -a n tig e n ic  s t im u la t io n  o f  i n f i l t r a t i n g  

lymphocytes in  muscle le s io n s ,  r e s u lt in g  in  c lo n a l 

expansion and s e q u e s tra tio n  o f  memory T c e l ls  

w ith in  the  le s io n .  There is  indeed some evidence 

o f  such a pa tho logy in  the  synovia  o f  p a t ie n ts  

w ith  rheum atoid a r t h r i t i s  (RA) (Brennan e t a l ,  

1980). The w e ll known o ve rla p  syndrome between 

p a t ie n ts  w ith  ch ro n ic  m y o s it is  and o th e r au to 

immune connective  t is s u e  d iseases (M as tag lia  and 

O jeda, 1905) a lso  suggests a s im ila r  immuno- 

patho logy in  JDM. However, the  p u ta t iv e

a u to a n tig e n (s ) remains e lu s iv e  and unch a rac te rised  

in  in flam m atory connective  t is s u e  d iseases.
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E a rly  re p o r ts  (C u rr ie  e t a l ,  1971; E s s ir i ,  

MacLennan and Hazleman, 1973) cla im ed to  measure 

s ig n i f ic a n t  p r o l i f e r a t io n  by p e r ip h e ra l blood 

mononuclear c e l ls  (PBMC) from  m y o s it is  p a t ie n ts  in  

response to  human s k e le ta l muscle homogenates. Two 

JDM p a t ie n ts  were in c lud ed  in  each o f  these 

s tu d ie s , but not d is t in g u is h e d  in  the  r e s u lts .  

C u rr ie  e t a l  (1971) c la im ed th a t  p r o l i f e r a t io n  uas 

s p e c if ic  in  th a t  "ve ry  l i t t l e "  response to  l i v e r  

and kidney homogenates and co lla g e n  uas found. 

These responses uere not con fin ed  to  c e l ls  from 

m y o s it is  p a t ie n ts  as c e l ls  from po lym ya lg ia  

rheum atica p a t ie n ts  gave a s im ila r  degree o f 

p r o l i f e r a t io n .  In  both these re p o r ts  the  muscle 

c e l l  an tigens  re sp o n s ib le  fo r  p r o l i f e r a t io n  uere 

not de fined  and, indeed, even the  p ro te in  

co n c e n tra tio n s  o f  the  homogenates not g iven . 

Experiments in  t h is  la b o ra to ry  have not shoun 

c o n s is te n t,  s ig n i f ic a n t  d if fe re n c e s  in  the  

p r o l i f e r a t iv e  responses o f  9 m y o s it is  p a t ie n ts ’ s 

(5 a d u lt  PM and k JDM) PBMC to  p u r i f ie d ,  human, 

s k e le ta l muscle membrane p re p a ra tio n s  compared to  

normal c o n tro l c e l ls  (A F a ith  and G Cambridge, 

unpublished d a ta ) .

Furtherm ore, th e re  is  no conv in c in g  o r c o n s is te n t 

ev idence , in  the  l i t e r a t u r e ,  o f  the  presence o f 

c y to to x ic  T c e l ls  u i th  s p e c i f i c i t y  fo r  t is s u e  

s p e c if ic  a n tig e n s , in  the  p e r ip h e ra l b lood o f JDM
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p a t ie n ts  (Iannacone e t a l ,  1982; Cambridge, 198Ab; 

Pachman, 1986).

Lymphotoxin p ro d u c tio n  by PBMC, in  response to  

auto logous s k e le ta l muscle from k JDM p a t ie n ts  has 

been re po rte d  (Johnson, F ink  and Z i f f ,  1972). The 

lym photoxin  c o n ta in in g  superna tan ts  s ig n i f ic a n t ly  

in h ib ite d  uptake o f  la b e lle d  amino ac ids  by 

c u ltu re d  human f e t a l  muscle c e l ls  and caused the  

c e l ls  to  round up o r d isappear d u rin g  c u ltu re .  

These experim ents have not been con firm ed .

There has on ly  been 1 paper pub lished  on in  v i t r o  

c u ltu re  o f  lymphocytes from  a muscle b iopsy o f  a 

DM p a t ie n t ,  in  t h is  case a 70 year o ld  female 

(Rosenschein e t a l ,  1987). A l in e  com pris ing  80% 

CDA c e l ls  uas e s ta b lis h e d  uh ich  (a ) gave 

g e n e t ic a l ly  (DR) r e s t r ic te d  p r o l i f e r a t io n  to  human 

s k e le ta l muscle homogenate in  the  presence o f 

matched a n tig en  p re se n tin g  c e l ls  (b ) uas c y to to x ic  

fo r  c u ltu re d  r a t  s k e le ta l,  but not r a t  h e a r t,  

muscle c e l ls .  P r o l i f e r a t io n  uas, houever, not 

shoun to  be t is s u e  s p e c i f ic  and the  e f fe c t  o f 

an ti-D R  a n tib o d ie s  on p r o l i f e r a t io n  not te s te d . 

The l in e  uas expanded u i th  m itogen p lus  IL -2  and 

th e re fo re  i t  is  p o s s ib le  th a t  g e n e t ic a l ly  

u n re s tr ic te d  c y to to x ic i t y  uas due to  T c e l ls  

a c t iv a te d  by the  m itogen (L a n ie r and P h i l l ip s ,  

1906). An a lte rn a t iv e  e x p la n a tio n  may be th a t  l\IK 

c e l ls ,  p o s s ib ly  p resen t in  the  b iopsy (Arahata and
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Engel, 19B4) may have been a c t iv a te d  in  the  

c u ltu re  c o n d it io n s  to  express lymphokine a c t iv a te d  

k i l l e r  (LAK) a c t iv i t y .  In  fa c t ,  Cambridge (19BAa) 

dem onstrated th a t  the  m a jo r ity  o f  k i l l i n g  o f 

human, f e t a l ,  s k e le ta l muscle c e l ls  by p e r ip h e ra l 

b lood lym phocytes (PBL) from JDM p a t ie n ts  uas due 

to  Fcg- re c e p to r p o s it iv e  c e l ls ,  uh ich  are 

p r in c ip a l ly  l\IK c e l ls  (L a n ie r e t a l ,  19B5). 

T h e re fo re , on the  evidence o f t h is  s in g le  p a t ie n t 

s tu d y , i t  cannot be concluded th a t  s e q u e s tra tio n  

o f  c y to to x ic  T c e l ls  u i th  s p e c i f ic i t y  fo r  s k e le ta l 

muscle an tig ens  c o n tr ib u te s  to  the  immunopathology 

o f  JDM.

(b) Lymphocyte fu n c t io n  in  v i t r o

The p r o l i f e r a t iv e  responses o f  PBMC from 5 

u n tre a te d , a c t iv e  JDM p a t ie n ts  to  s t im u la t io n  by 

m itogens and undefined muscle an tigens  uere 

re p o rte d  to  be s im ila r  to  age matched normal 

c h ild re n  (Pachman and M aryjousky, 19B^).

C y to to x ic  a c t iv i t y  by IMK c e l ls ,  but not an tibody 

dependent c e l lu la r  c y to to x ic i t y  (ADCC) uas 

s ig n i f ic a n t ly  reduced fo r  5 JDM p a t ie n ts  compared 

to  normals ( M i l le r ,  Lantner and Pachman, 19B3). In  

a re ce n t study o f  IMK a c t iv i t y  in  c e l ls  from 

m y o s it is  p a t ie n ts  (Gonzalez-Amaro, A lc o c e r- l/a re la  

and A la rcon -S eg ov ia , 19B7), 2 un trea ted  JDM

p a t ie n ts 's  c e l ls  had g re a t ly  reduced c y to to x ic  

a c t iv i t y  in  the  presence and absence o f  IL -2 .  The
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a u tho r suggested, on the  bas is  o f  s tu d y in g  k 

u n c la s s if ie d  m y o s it is  p a t ie n ts ,  th a t  NK c e l ls  were 

reduced in  number.

( i i i )  P e rip h e ra l Blood Lymphocyte Subsets

A n a lys is  o f  p e r ip h e ra l b lood lym phocyte subsets may 

p rov ide  i n i t i a l  evidence o f  im m uno-regu la tory d e fe c ts  

in  autoimmune d iseases. There have been th re e  s tu d ie s  

uh ich  in c lud ed  JDM p a t ie n ts  in  subset a n a ly s is .

In  a study o f 3 JDM p a t ie n ts ,  S tre lka u ska s , Schauf and 

Dray (1976) re p o rte d  decreased T and increased B and 

n u l l  c e l ls  compared to  norm als. L isak  e t a l (190*+), in  

a study o f 15 PM and DM p a t ie n ts ,  whose ages were not 

g iven , showed s ig n i f ic a n t ly  reduced CD0+ but not CD3+ 

o r CD*t+ PBL. In  c o n tra s t,  I y e r ,  Lawton and F en iche l 

(19B3) found no d iffe re n c e s  in  T c e l l  subsets in  a 

study o f  6 PM and 1 JDM p a t ie n ts .  C le a r ly ,  

in s u f f ic ie n t  JDM p a t ie n ts  have been te s te d  to  draw any 

co n c lu s io n s .

( iv )  S e ro lo g ic a l S tud ies

The id e n t i f ic a t io n  o f  immune complexes (IC ) and 

complement components in  the  in vo lve d  sm a ll b lood 

vesse l w a ll a t the  s i t e  o f  muscle damage in  JDM 

p a t ie n ts  suggested the  p o s s ib i l i t y  th a t  p a t ie n ts  m ight 

develop organ s p e c if ic  a n tib o d ie s  (LJhitaker and Engel, 

1972). However, th e re  were no d iffe re n c e s  between 

p a t ie n t  and c o n tro l sera in  t h e i r  an tib ody  b in d in g  

p a tte rn s  to  s k e le ta l o r smooth m uscle, th y ro id  o r 

g a s t r ic  t is s u e  an tigens  (Pachman and Friedman, 19B5).

*>0



Furtherm ore, a n tib o d ie s  to  muscle s p e c if ic  p ro te in s , 

such as m yoglobin have been found in  a number o f 

myogenic and neurogenic d iseases and are not con fined  

to  m y o s it is  p a t ie n ts  (Pachman, 1986). Anti-human 

sarcolemma a n tib o d ie s  have not been de tected  in  the  

sera o f  JDM p a t ie n ts  (review ed by Cambridge, 1984b). 

A n tib o d ie s  to  norm al, human e n d o th e lia l c e l ls  have a lso  

not been de tected  in  JDM sera (Behan and Behan, 1985), 

suggesting  th a t  IC d e p o s it io n  in  the  m ic rovascu la tu re  

in  a f fe c te d  muscle cou ld  be due to  uptake o f  Ig  by Fc 

re ce p to rs  p resen t on e n d o th e lia l c e l ls .

A tte n t io n  has re c e n t ly  been focused on serum au to 

a n tib o d ie s  to  s u b c e llu la r  p a r t ic le s .  A n ti-n u c le a r  

a n t i-b o d ie s  (AIMA) have been d e te c te d , by immuno

flu o re sce n ce , in  the  serum o f  some JDM p a t ie n ts  (Table 

1 .2 ) .  S u ll iv a n ,  Cassidy and P e tty  (1977) found ANA in  

8/41 (20%) o f  JDM sera w h ile  Pachman e t a l (1985)

de tected  IgG anti-ANA in  serum from  21/90 (23%) o f  JDM 

p a t ie n ts .  Pachman and Friedman (1985) a lso  noted th a t  

o f  those JDM sera te s te d  w ith in  fo u r  months o f  disease 

onset and c o n ta in in g  anti-CVB a n tib o d ie s , 60% a lso  

con ta ined  an ANA which had a c o a rse ly  speckled p a tte rn  

by im m unofluorescence. Th is  an tib ody  d id  not have 

s p e c i f ic i t y  f o r  the cy top la sm ic  t-RNA h is t id in e  

syn thetase enzyme (J o -1 ) .  R e ic h lin  (1984) a lso  found 

th a t  a n t i-J o -1  a n tib o d ie s  occurred  very  in fre q u e n t ly  in  

JDM compared to  PM se ra , a lthough  a n tib o d ie s  to  two 

nuc lea r p ro te in s ,  Mi-1 and M i-2 , were found in  some JDM 

sera .
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Arad-Dann e t a l  (1907) have used p u r i f ie d  20QS 

r ib o n u c le o p ro te in  (RNP) e x tra c ts  as an tig ens  in  Western 

b lo t t in g  and de tec ted  IgG a n tib o d ie s  to  a 56kD 

component in  sera from  12/16 a d u lt  DM, PM and 

m yos itis /S LE  o ve rla p  p a t ie n ts  compared to  2/2D SLE 

p a t ie n ts  w ith o u t muscle in vo lvem en t. Sera from 15 JDM 

p a t ie n ts  have now been te s te d  in  t h is  Western b lo t t in g  

assay and a l l  con ta ined  the  an ti-5 6 kD  RNP an tibody  (G 

Cambridge, persona l com m unication), im p ly in g  th a t a 

s e ro lo g ic a l marker o f  m y o s it is  may now have been 

id e n t i f ie d .

S ig n i f ic a n t ly  increased le v e ls  o f  c i r c u la t in g  immune 

complexes (IC ) have been de tected  in  JDM sera (Spencer, 

Jordan and Hanson, 1900; Pachman and Friedman, 1905) 

and a c o r re la t io n  found between the  presence o f ANA and 

o f  IC (Pachman and Friedman, 1905). However, no 

c o r re la t io n  was found between IC le v e ls  in  JDM sera and 

disease s e v e r ity  (Pachman e t a l ,  1905), suggesting  

e ith e r  th a t  IC de tected  in  sera bore l i t t l e  r e la t io n  to  

IC in  a ffe c te d  muscle o r th a t  IC were not c o n tr ib u t in g  

s ig n i f ic a n t ly  to  disease a c t iv i t y  (Crowe e t a l ,  1902).
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TABLE 1.2

C haracteristics of Anti-nuclear Antibodies (AIMA) Detected in  JDM Sera

Antigen ANA P a tte rn Prevalence in  M y o s it is Reference

Mi-1 P a r t ic u la te 3% o f JDM, not 
de tected  in  PM

R e ic h lin (198*0

M i-2 Homogeneous 20% o f JDM, ra re  
in  PM

R e ic h lin (1984)

Undefined Speckled 23% o f JDM Pachman and 
Friedman (1985)

56kD Nucleo- 
p ro te in

75% o f  A d u lt 
PM and DM

Arad-Dann 
e t a l (1987)

PM-1 - 7% o f JDM Pachman and 
Friedman (1985)
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Animal Models of Inflammatory Muscle Disease

Although se ve ra l anim al models o f  ch ro n ic  m y o s it is  have 

been developed, th e re  is  no e s ta b lis h e d  model o f  DM. 

V a s c u li t is  is  a m inor and t ra n s ie n t  fe a tu re  o f  models 

o f  ch ro n ic  m y o s it is .  However, these models have 

prov ided s tron g  evidence o f  autoimmune pa tho logy , which 

has been la c k in g  in  the  human d isease .

(a) Experim enta l A l le r g ic  M y o s it is

Repeated im m unisa tions, w ith  homologous muscle 

t is s u e  in  complete F reund 's a d ju v a n t, o f  ra ts  and 

guinea p igs  re s u lte d  in  the  development o f  

expe rim en ta l a l le r g ic  m y o s it is  (EAM), w ith  muscle 

le s io n s  c o n s is t in g  o f  fo c a l segmental n ec ros is  and 

an accompanying in flam m ato ry  i n f i l t r a t i o n  around 

the  a ffe c te d  f ib r e s  (review ed by W h itake r, 1982). 

The disease cou ld  be p a s s iv e ly  tra n s fe r re d  to  the 

same inb red  s t r a in  o f  ra ts  by lym phocytes but not 

by serum.

(b) Coxsackie V/irus Induced In flam m atory Muscle Disease 

In o c u la tio n  o f  mice w ith  some s t ra in s  o f  Cox

s a c k ie v iru s  B1 (CVB1) has been shown to  induce

m y o s it is  as w e ll as m y o c a rd it is .  G enetic fa c to rs  

predisposed to  m y o s it is  s in ce  o n ly  some mouse

s t ra in s ,  p a r t ic u la r ly  the  ou tb red  Swiss COH, were 

s u s c e p tib le  (Ray, M innich and Johnson, 197B).

S trongw ater e t a l (198*0 showed th a t  m y o s itis

cou ld  be induced in  Swiss CD1 mice a f te r  cha llenge  

w ith  CWB1. By day 8 a f te r  c h a lle n g e , th e re  was



widespread nec ros is  o f  muscle c e l ls ,  in flam m atory  

c e l l  i n f i l t r a t i o n  in to  a ffe c te d  muscle and, 

im p o r ta n t ly ,  p rox im a l muscle weakness. Weakness 

p e rs is te d  fo r  more than 10 weeks, long a f te r  

d e te c ta b le  v iru s  had disappeared from the  an im a ls , 

suggesting  a p o ss ib le  autoimmune response induced 

by v ir u s .

F u rth e r evidence fo r  the  ro le  o f  the  immune system 

has been p rov ided  by experim ents showing th a t  T 

c e l l  d e f ic ie n t ,  athym ic Swiss CD1 mice are not 

s u s c e p tib le  tD ch ro n ic  m y o s it is  induced by CUB1 

(Y tte rb e rg , Mahowald and Messner, 19B7). When 

re c o n s t itu te d  w ith  spleen c e l ls  from normal Swiss 

CD1 an im a ls , the  athym ic mice developed m y o s it is  

on cha llenge  w ith  CUB1. M y o s it is  was not s im p ly  

due to  acute v i r a l l y  induced muscle damage s ince  

both athym ic and normal mice had e q u iv a le n t v i r a l  

t i t r e s  in  muscle a f te r  ch a lle n g e .

There is  s tron g  evidence th a t  m y o c a rd it is , 

fo llo w in g  antecedent in fe c t io n  w ith  CUB proceeds 

by an autoimmune T c e l l  dependent mechanism 

( E s t r i ,  Smith and Huber, 19B6; E s t r i  and Huber, 

19B7). These workers have shown th a t  m y o c a rd it is  

may be induced by re c o g n it io n  o f  c a rd io c y te  

au toan tigens  by c y to to x ic  T c e l ls .  However, IgG 

a n t i- c a rd ia c  c e l l  a u to a n tib o d ie s  may be the  

p r in c ip a l m edia tors o f  CUB induced m y o c a rd it is  in  

some s t ra in s  o f  mice ( E s t r i  and Huber, 19B7). The
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c e l l  component a g a in s t which these a u to a n tib o d ie s  

are d ire c te d  has been suggested to  be ca rd ia c  

myosin (Rose e t a l ,  19BB).

In  CUB induced m y o s it is ,  the  p u ta t iv e  a u to - 

a n t ig e n ^ )  in duc ing  T c e l l  mediated disease has 

not been id e n t i f ie d .  A lso , g e n e tic  fa c to rs  such 

as the  ro le  o f  the  MHC and th a t  o f  genes 

c o n t r o l l in g  the  a b i l i t y  o f  CUB to  b ind  to  and 

pene tra te  s k e le ta l muscle has no t been 

in v e s t ig a te d .

(c ) F a m ilia l Canine Derm atom yositis

A spontaneously appearing DM has been described 

in  C o ll ie  dogs (H a rg is  e t  a l ,  19B6). The disease 

f i r s t  appeared in  7-11 week o ld  dogs and was 

v a r ia b ly  severe . C l in ic a l ,  electromyogram and 

h is to lo g ic  evidence o f  m y o s it is  was p resen t in  

dogs se ve re ly  o r m oderate ly a ffe c te d  by 

d e rm a t it is .  U ascular le s io n s  and nec ros is  o f  

vesse l w a lls  was found in  a f fe c te d  s ite s  w ith in  

muscle and s k in .  l\lo v iru s e s  were is o la te d  from 

muscle and none o f  the  dogs had a p o s it iv e  ANA 

t i t r e .

High le v e ls  o f  IC and serum IgG were found in  

se ve re ly  a ffe c te d  dogs and e leva ted  le v e ls  o f  IC 

appeared be fo re  o r concu rren t w ith  d e rm a tit is ,  

m y o s it is  deve lop ing  la t e r .  However, immuno- 

fluo rese nce  te s ts  f o r  IgG in  the  s k in  and IgG and 

C3 in  vesse ls  in  muscle were c o n s is te n tly
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(V i)

n e g a tiv e . The au tho rs  b e lie ve d  th a t  IC 's  m ight be 

im po rtan t in  the  pathogenesis o f  the  disease but 

evidence uas la c k in g . Th is  may, houever, be a 

very  u s e fu l model o f  DM a lthough  fu r th e r  advances 

probab ly  a u a it  the  a p p lic a t io n  o f  monoclonal 

markers fo r  dog lym phocytes and g e n e tic  in b reed ing  

s tu d ie s .

Conclusion

The presence o f  a u to a n tib o d ie s  and IC in  p a t ie n ts 's  sera and 

p e r iv a s c u la r  lym phocy tic  i n f i l t r a t i o n  suggests a ro le  fo r  the  

immune system in  JDM. F u rth e r evidence fo r  t h is  ro le  is  

im p lie d  by the  HLA a s s o c ia tio n s  o f  the  d isease , the  b e n e f ic ia l 

e f fe c ts  o f  immunosuppressive the rapy and anim al models o f  

re la te d  d iseases. Houever, th e re  is  no evidence th a t  

m yocyto tox ic  T c e l ls  c o n tr ib u te  to  the  pa tho logy o f  JDM.
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CHAPTER 2

2 .0  AUTDIMMUIMITV

This chap te r w i l l  describe  areas o f  research  in to  autoim m unity 

o f  re levance  to  JDM. These areas w i l l  be d iscussed in  the 

fo llo w in g  o rd e r:

(a ) re c o g n it io n  o f  s e l f

(b ) v iru s e s  and auto im m unity

(c ) HLA c la s s  I I  a s s o c ia tio n s  o f  s e lf - re c o g n it io n

(d) re g u la t io n  o f to le ra n c e  in d u c tio n  in  the  thymus and the 

p e rip he ry

(e) im m unoregulatory T c e l ls

( f )  g r a f t  -ve rsu s  -  host d isease -  a model o f  auto im m unity .

2.1 Recognition of S elf

The immune system must to le r a te  s e lf -a n t ig e n s ,  ye t mount a

v igo rous  response to  c le a r  and e lim in a te  fo re ig n  an tigens 

in c lu d in g  pathogenic organism s. However, c ro s s -re c o g n it io n , 

by T c e l ls  o f  an ep ito pe  p resen t on both a pathogen and a 

s e lf-m o le c u le  can occu r. There are 2 re p o r ts  o f  such 

m o lecu la r m im icry o f  m ycobac te ria l a n tig e n s . In  the  f i r s t ,  an 

a r th r i to g e n ic  T c e l l  c lone (Cohen, 1986) responded to  an 

e p ito p e , expressed by both the  65kD m yco b a c te ria l an tig en  and 

c a r t i la g e  pep tidog lycan  (Van Eden e t a l ,  1988). The second 

re p o r t showed th a t  cloned T c e l ls ,  d e rive d  from a normal BCG 

vacc ina ted  in d iv id u a l ,  responded to  th e  conserved p o r t io n  o f a 

22 am ino-acid  sequence, expressed by both m ycobacteria and

^8



human c e l ls  (Young, M eh le rt and Sm ith, 1988). These 2 re p o r ts  

in d ic a te ,  th a t  a lthough autoimmune disease may r e s u lt  by a 

breakdown in  s e lf - to le ra n c e  due to  m o lecu la r m im icry , t h is  is  

not an in e v ita b le  consequence. F u rth e r evidence th a t  

re c o g n it io n  o f  s e l f  and autoimmune disease can be

d is tin g u is h e d  has come from obse rva tions  th a t  a u to a n tib o d ie s  

can be de tec ted , in  low c o n c e n tra tio n s , in  the  serum o f

o the rw ise  h e a lth y  in d iv id u a ls  (Hooper e t a l ,  1972).

Autoimmune disease may be the  f in a l  stage in  a graded process 

which cou ld  in c lu d e  the  b e n e f ic ia l e f fe c ts  o f  re c o g n it io n  o f  

s e l f  (Cohen and Cooke, 1986). These au tho rs  have suggested 

th a t n a tu ra l a u to a n tib o d ie s , present in  normal in d iv id u a ls ,

may serve to  b lin d  the  immune system to  re c o g n it io n  o f s e l f -

de te rm inan ts . Coutinho and h is  assoc ia tes  (M artinez  e t a l ,  

1988) have suggested th a t  n a tu ra l a u to a n tib o d ie s  may share 

v a r ia b le  (V) reg ions  w ith  T c e l l  re c e p to r (TCR) V re g io n s , 

presen t on a su b -p o p u la tio n  o f  a c t iv a te d  T c e l ls  responsive  to  

s e lf -a n t ig e n s .  Th is lin k a g e  o f  re ce p to rs  fo r  s e lf-a n t ig e n s  on 

a n tib o d ie s  and T c e l ls  may p rov ide  a mechanism fo r  c o n tro l o f  

a u to r e a c t iv i t y .

However, in  some in d iv id u a ls ,  p u ta t iv e  c o n tro l o f  autoim m unity 

may break down and autoimmune disease may r e s u l t .  Th is cou ld  

occur in  s ite s  o f  in fe c t io n ,  where an in flam m ato ry  response 

may cause no rm a lly  sequestered host m olecules to  be exposed to  

the  immune system (Cohen, 1986). In flam m atory  m edia tors such 

as pro tease enzymes m ight a lso  expose neoantigens, 'a l te r e d ' 

s e l f ,  to  which the  immune system had not been rendered 

to le r a n t .  A l te rn a t iv e ly ,  the presence o f  ad juvan ts  such as
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b a c te r ia l l ip o p o ly s a c c h a r id e s , lym phokines such as IL -2  and 

IFIM-o, and enhanced MHC a n tig e n  exp ress ion  on e p i t h e l ia l  and 

e n d o th e lia l c e l ls ,  in  s ite s  o f  in fla m m a tio n , may overwhelm 

coun te rba lanc ing  s e lf - to le ra n c e  mechanisms (Cohen and Cooke,

1906). The anim al models o f  m y o s it is  (Ch. 1 .1 .3v) suggest 

th a t p o te n t ia l ly  a u to re a c tiv e  T c e l ls  are presen t in  the 

p e rip h e ry  o f normal anim als and an i n i t i a t i n g  even t, such as 

CUB in fe c t io n ,  p re c ip ita te s  the  a b ro g a tio n  o f  s e lf- to le ra n c e  

and the  development o f  autoimmune d isease .

2.2  Uiruses and Autoimmunity

I t  has long been recogn ised th a t  in fe c t io n  may be one o f the 

fa c to rs  c o n tr ib u t in g  to  the  development o f  autoimmune disease 

(W illia m s , 1977). Most in fe c t io u s  organisms possess trop ism s 

fo r  s p e c if ic  t is s u e s  and induce lo c a l acute in flam m atory 

responses. Acute in flam m ation  o f  the  jo in t s  has been 

assoc ia ted  w ith  in fe c t io n  by mycoplasma, b a c te r ia  such as 

sa lm on e lla , and v iru s e s  such as ru b e lla  and p a rv o v iru s . O ften , 

c h ild re n  are p a r t ic u la r ly  s u s c e p tib le  d u rin g  epidemic 

o u tb re a ks .

In  a l im ite d  number o f  p a t ie n ts ,  in flam m a tio n  may p e rs is t  and 

become c h ro n ic . Severa l th e o r ie s  have been proposed as to  why 

ch ro n ic  in flam m ation  should r e s u lt  from  in fe c t io n ,  but a l l  

emphasise the  c e n t r a l i t y  o f  the host immune response in  the 

process (Denman, 190*0.

There are many ways in  which v iru s e s  may in te r a c t  w ith  the 

immune system a f te r  in fe c t io n  o f  host t is s u e .  A v iru s  may 

induce c y to p a th ic  e f fe c ts  in  in fe c te d  c e l ls ,  se lf-com ponents 

may be exposed and autoimmune re a c tio n s  may occur in  a

5D



g e n e t ic a l ly  s u s c e p tib le  h o s t. Th is  process has re c e n t ly  been 

suggested as o c c u rr in g  in  a model o f  m y o c a rd it is  induced by 

C oxsack iev irus  B3 in fe c t io n  (Rose e t a l ,  1988), where the  

se lf-com ponent was id e n t i f ie d  as ca rd ia c  myosin.

V ir a l  in fe c t io n  o f c e l ls  may cause the  appearance o f  v i r a l l y  

encoded neoantigens on the  c e l l  membrane and the  p re s e n ta tio n  

o f  these an tigens  to  the  immune system. A n tib o d ie s  to  v i r a l  

components may c ro s s -re a c t w ith  s e l f  a n tig e n s . Such c ro s s - 

r e a c t iv i t ie s  have been p o s tu la te d  as e x p la in in g  the  presence 

o f  a n tib o d ie s  to  the a u to a n tig e n s , h is t id y l  t-RI\IA and a la n y l 

t-RI\IA syn thetase in  some a d u lt  PM p a t ie n ts  (W alker and 

J e f f r e y ,  1986).

M o lecu la r m im icry has a lso  been p o s tu la te d  as a cause o f au to 

immunity in  p a t ie n ts  w ith  RA (review ed by Fox e t a l ,  1985). 

These p a t ie n ts  were found to  have h igh  t i t r e s  o f  a n tib o d ie s  to  

a 62kD nuc lea r p ro te in  express ing  unusual g ly c in e -a la n in e  

repea t sequences, a lso  expressed by the  E p s te in -B a rr v iru s  

(EBV) encoded nuc lea r a n tig e n , EBIMA-1. Anti-EBIMA-1 a n tib o d ie s  

were shown to  re a c t w ith  de te rm inan ts  p resen t in  the  s y n o v ia l 

l in in g  c e l ls  o f  RA but not normals o r o s te o a r th r i t ic  p a t ie n ts .  

However, s ince  the  vas t m a jo r ity  o f  normal a d u lts  have been 

in fe c te d  w ith  EBV and ye t do not a p p a re n tly  express the  62kD 

p ro te in  in  s y n o v ia l t is s u e ,  the  concept o f  m o lecu la r m im icry 

as p o s tu la te d  by Vaughan and h is  co lleagues (Fox e t a l ,  1987), 

appears to  have o th e r im p lic a t io n s .  T h e ir  re s u lts  im ply 

'a l te r e d ' s e l f ,  b iochem ica l d iffe re n c e s  between the  s y n o v ia l 

l in in g  c e l ls  o f  RA p a tie n ts  compared to  norm als. Such 

a lte ra t io n s  in  s e l f  cou ld  r e s u lt  from  in fe c t io n .  However, EBV
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genomic DIMA has not been is o la te d  from  RA synovium. I t  is  o f  

course p o s s ib le  th a t  the  o r ig in a l  a n t ig e n ic  in s u l t  in  synovium 

was induced by EBU, which was then c le a re d  from the  s i t e  by 

the  immune system.

There is  more s u b s ta n t ia l evidence o f  an a s s o c ia t io n  between 

EBU and ano ther autoimmune connective  t is s u e  d isease , 

S jo g re n 's  syndrome. Genomic DIMA from  EBU has been is o la te d  

from the  s a l iv a ry  glands o f  p a t ie n ts  w ith  S jo g re n 's  syndrome 

(SS) (Fox e t a l ,  1907). EBU r e p l ic a t io n  occurs in  s a l iv a ry  

g lands d u rin g  both p rim ary in fe c t io n  and re a c t iv a t io n .

In d u c tio n  o f MHC c la ss  I I  exp ress ion  has been observed w ith  

IF N -o  c o n ta in in g  supe rna tan ts , secre ted  by T c e l ls  de rived  

from s a liv a ry  glands o f  p a t ie n ts  w ith  SS (Fox e t a l ,  1906). 

The ep itopes recogn ised by these T c e l ls  are unknown, b u t, 

a n t i-b o d ie s  to  the  cy top lasm ic  a n tig e n , SS-B, de tec ted  in  the  

serum o f  SS p a t ie n ts ,  p r e c ip ita te  a p ro te in  capable o f

com plexing w ith  EBU encoded RIMA. I n t r a c e l lu la r  p ro te in s  such

as SS-B are be lie ved  to  re g u la te  p o s t - t r a n s c r ip t io n a l

processing  o f  messenger RIMA (Denman, 190A), and by b in d in g  to  

v i r a l  RIMA, may be recognised as a lte re d  s e l f  and presented to

host T c e l ls .  However, i t  is  a ls o  p o s s ib le  th a t ,  ra th e r  than 

in duc ing  in flam m ation  in  s a l iv a ry  g lands , r e a c t iv a t io n  o f EBU 

in fe c t io n  may be a consequence o f  in flam m a tio n  o f  th e  g lands.

2.3 HLA Class I I  Associations of Autoimmune Diseases

S jo g re n 's  syndrome, in  common w ith  s e v e ra l o th e r autoimmune

d iseases, in c lu d in g  JDM, is  a ssoc ia ted  w ith  the  HLA c la ss  I I

a n tig e n , DR3. G enetic r e s t r ic t io n s  are imposed upon

re c o g n it io n  o f  ep itopes by T c e l ls ,  by amino a c id  sequences
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encoded by the  polym orphic MHC c la s s  I  and c la s s  I I  genes 

(Rothbard e t a l ,  1900; Lamb e t a l ,  1900). Skewing o f  the 

a n tig e n ic  re p e r to ire  o f  T c e l ls ,  due to  s p e c i f i c i t ie s  imposed 

by the  an tig en  b in d in g  s i t e  o f  c la ss  I I  m o lecu les, may be 

p a r t ic u la r ly  assoc ia ted  w ith  autoimmune disease (Todd e t a l ,  

1900). These au tho rs  have shown th a t  a s in g le  amino a c id , a t

p o s it io n  57, o f  the  DQn ch a in , c o r re la te d  s tro n g ly  w ithu

s u s c e p t ib i l i t y  and re s is ta n c e  to  in s u lin -d e p e n d e n t-d ia b e te s - 

m e ll i tu s .  Residue 57 is  s itu a te d  in  the  a n tig e n  b in d in g  c le f t  

o f  the  proposed MHC c la ss  I I  b in d in g  s i t e  (Rothbard e t a l ,

1900). However, i t  is  not understood i f  and how MHC c la s s  I I

r e s t r ic t io n s  skew the  T c e l l  r e p e r to ire  towards re c o g n it io n  o f 

a u toan tigens .

A s im ple  e xp la n a tio n  would be th a t  c e r ta in  c la s s  I I  hap lo types 

can p resen t au toan tigens  to  T c e l ls .  However, i t  is  d i f f i c u l t  

to  e x p la in  how a s in g le ,  po lym orphic c la s s  I I  de te rm in a n t, 

such as DR3, cou ld  p resen t so many d i f f e r e n t  ep ito pes  d e rive d

from a d iv e r s i ty  o f  t is s u e s  w ith in  s i te s  o f  in fla m m a tio n . One

p o s s ib i l i t y  is  th a t  each polym orph ic c la s s  I I  de te rm inan t can 

indeed b ind  to  and p resen t many d i f f e r e n t  e p ito p e s . Peptide 

b in d in g  and co m p e tit io n  s tu d ie s  have in d ic a te d  th a t  t h is  may 

be the  case (review ed by Bersofsky e t a l ,  1909).

A l te rn a t iv e ly ,  i t  is  p o s s ib le  th a t  homologous T c e l l  ep ito pes  

are expressed by a v a r ie ty  o f  au toan tigens  w ith in  d i f f e r e n t

t is s u e s .  Heat shock p ro te in s  (HSP) are in t r a c e l lu la r  

m olecules syn thes ised  by c e l ls  o f  many lin e a g e s  in  response to  

tem pera ture in c re a se , o x id a t iv e  in ju r y  o r v i r a l  in fe c t io n  

(review ed by P o lla , 1900). A n tib o d ie s  to  the  70kD HSP have
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been de tected  in  the  serum o f  p a t ie n ts  w ith  both system ic

lupus erythematosus (SLE) and RA (Young, M eh le rt and Sm ith,

1988). A lthough no HLA c la s s  I I  r e s t r ic t io n  has ye t been 

observed fo r  the  70kD HSP, i t  has been shown th a t  the 19kD HSP 

is  r e s t r ic te d  by DR1 (Lamb e t a l ,  1988). There fore  the

u b iq u ito u s  HSP, p o s s ib ly  r e s t r ic te d  to  c e r ta in  c la ss  I I  

hap lo types and syn thes ised  in  s i te s  o f  in fe c t io n  and 

in fla m m a tio n , cou ld  p rov id e  an a n tig e n ic  source fo r

autoimmune a tta c k .

2.4  Tolerance and Clonal Deletion

In  the  p rev ious  s e c tio n s , mechanisms by which autoimmune 

disease cou ld  be p re c ip ita te d ,  have been d iscussed . However, 

recen t expe rim en ta l evidence has dem onstrated th a t  the  normal 

immune system has evolved ways to  p reven t s e lf - re c o g n it io n .

Burnet (1957) proposed th a t c lones o f  lym phocytes which had

re ce p to rs  fo r  s e lf-a n t ig e n s  were d e le te d  d u rin g  development in  

o rde r to  p reven t auto-immune r e a c t iv i t y .  Severa l recen t 

s tu d ie s  have in d ic a te d  th a t  c lo n a l d e le t io n  takes p lace in  the  

thymus, the  lym phoid organ in  which the  mature T c e l l  

re p e r to ire  is  se lec te d  (review ed by Sprent e t a l ,  1988). 

Evidence o f  c lo n a l d e le t io n  o f  T c e l ls  re co g n is in g  murine s e l f  

an tig ens  such as the MHC c la ss  I I  m o lecu le , I -E  (Kapp ler e t 

a l ,  1988), the  male a n tig en  H-Y (K is ie lo w  e t a l ,  1988) and an 

a l le le  o f  the  m inor lymphocyte s t im u la t in g  lo c u s , Mis a

(Kapp ler e t a l ,  1988), has been p resen ted . The re s u lts  

in d ic a te d :

(a) the  process o f d e le t io n  is  assoc ia ted  w ith  the  

disappearance o f T c e l ls  express ing  c e r ta in  gene products

54



□ f  the v a r ia b le  (I/0) re g io n  o f  the  T c e l l  re ce p to rD

(TCR). The im p lic a t io n  is  th a t  a n tig e n  s p e c i f ic i t y  o f

the  TCR re s id e s , a t le a s t p a r t ia l l y ,  in  th a t  p a r t ic u la r

Vn reg io n  amino a c id  sequence;□

(b) i f  a s e l f  a n tig e n  cannot be presented in  the  con tex t o f  a

p a r t ic u la r  MHC h ap lo type , due to  f a i lu r e  o f  the  an tigen

to  b ind to  the  MHC m olecu le , then T c e l ls  express ing  the

a n tig en  b in d in g  \1D re g io n  need not be d e le te d ;
□

(c ) both c la ss  I  and c la s s  I I  MHC r e s t r ic te d  T c e l ls  may be 

d e le te d .

The th e o ry  o f c lo n a l d e le t io n  has been unable to  e x p la in  how 

s e lf-e p ito p e s ,  not expressed in t r a th y m ic a l ly , can be presented 

to  deve lop ing  T c e l ls .  However, i t  now appears th a t  thym ic 

an tig en  p re se n tin g  c e l ls  (APC) may c o n s t i t u t iv e ly  express 

s e lf-e p ito p e s ,  b e lie ve d  u n t i l  re c e n t ly ,  to  be r e s t r ic te d  to  

the  p e rip h e ry  (Lorenz and A lle n , 1980). Furtherm ore, APC 

is o la te d  from the  p e r ip h e ra l organs (sp leen  and l i v e r )  o f  

normal anim als a lso  c o n s t i tu t iv e ly  expressed s e lf -p e p t id e s ,  

de rive d  from the  haemoglobin m olecu le , and cou ld  presen t these 

pep tides  to  c loned T c e l ls .  I t  is  th e re fo re  p o s s ib le  th a t  i f  

a u to re a c tiv e  T c e l ls  escaped c lo n a l d e le t io n  and seeded the 

p e r ip h e ry , they cou ld  then respond to  c o n s t i t u t iv e ly  expressed 

s e lf-p e p t id e s ,  un less sub jec ted  to  to le ra n c e  in d u c t io n .

2.5 Role of IL -2  in  Tolerance Induction and Abrogation

I t  is  w e ll e s ta b lis h e d  th a t  p e r ip h e ra l T c e l ls  can be 

to le r is e d  to  fo re ig n  an tigens  (review ed by Jenkins e t a l ,

1907). Tolerance in d u c tio n  was assoc ia ted  w ith  g re a t ly
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reduced t ra n s c r ip t io n  o f  message fo r  IL -2 ,  the  most im po rtan t 

s o lu b le  fa c to r  re q u ire d  fo r  T c e l l  g row th . I t  is  p o s s ib le  

th a t  a s im ila r  mechanism e x is ts  to  t o le r is e  a u to re a c tiv e  T 

c e l ls .  There is  indeed some evidence to  support t h is  

hyp o th e s is , based on obse rva tions  th a t  a d m in is tra t io n  o f  IL -2  

can abrogate to le ra n c e  to  au toan tigens  (review ed by Kromer, 

Schauste in and W ick, 1906; Malkovsky and Medawar, 190A; 

Riemann and D iam anstein, 1901).

F u rth e r evidence fo r  t h is  hypo thes is  is  the  a b i l i t y  o f 

exogeneously adm in is te red  IL -2  to  exacerbate autoimmune 

d isease . The BB r a t  is  c h a ra c te r is e d  by the  spontaneous 

development o f  immune-mediated in s u lin -d e p e n d e n t d iabe tes  

(Kolb e t a l ,  1906). The a d m in is tra t io n  o f  IL -2  to  BB ra ts  

a cce le ra ted  the  development o f  d ia b e te s .

I f  IL -2  were capable o f  in duc ing  au to im m un ity , h igh  le v e ls  o f  

IL -2  m ight be expected in  s ite s  o f  autoimmune d isease , and, in  

fa c t ,  h igh  le v e ls  o f  IL -2  have been de tected  in  the  s y n o v ia l 

f l u id  o f  RA p a t ie n ts  (W ilk in s  e t a l ,  1903). Another im po rtan t 

q ue s tion  is  whether IL -2  dependent a u to - re a c t iv e  T c e l ls  can 

be is o la te d  from  a ffe c te d  t is s u e s .  Such T c e l ls  have been 

is o la te d  from th y ro id s  o f  p a t ie n ts  w ith  autoimmune t h y r o id i t i s  

(Londe i, Bottazzo and Feldmann, 1905). When c loned , many o f 

these T c e l ls  responded to  c la ss  I I  exp ress ing  auto logous 

th y ro c y te s .

2.6  Immunoregulation and Autoimmune Disease

Tolerance in d u c tio n  and ab ro g a tio n  may be p a r t ia l l y  re g u la te d  

by s e c re tio n  o f ,  and response to ,  IL -2  by T c e l ls ,  v ia  an 

a u to c r in e  mechanism, fo rm ing one p a r t  o f  a w ide r system o f
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im m unoregulation. Th is  system may be m ain ta ined by a n tig e n - 

re c e p to r in te ra c t io n s ,  in  which a hom eostatic  balance is  

m ain ta ined by p o s it iv e  and nega tive  s t im u l i .  These s t im u l i  

are conveyed by re g u la to ry  T c e l l  subse ts , p ro v id in g  he lp  o r 

suppression fo r  the  immune response. The fo llo w in g  s e c tio n  

w i l l  cons ide r fe a tu re s  o f  re g u la to ry  T c e l ls  d e l iv e r in g  

s ig n a ls  r e s u lt in g  in  suppress ion .

2.6.1 Human T C ell Subsets

T c e l l  p o p u la tio n s  are d iv id e d , on the  bas is  o f  membrane 

a n tig en  exp ress ion , in to  CD^+ and CD0+ subse ts . The CD4+ 

subset can now be fu r th e r  d iv id e d  (Table  2 .1 ) in to  c e l ls  which 

p rov ide  he lp  to  B c e l ls  and those which appear to  be e s s e n tia l 

in te rm e d ia ry  c e l ls  in  the  in d u c tio n  o f  suppression  (Kansas and 

Engleman, 1907; Takeuchi e t a l ,  1907).

Evidence fo r  d is c r im in a t io n  between CDA+ T c e l l  subsets has 

been p rov ided by Schlossman and a sso c ia te s  (Morimoto e t a l ,

1906) and confirm ed independen tly  by B e v e rle y 's  group 

(B e ve rle y , 1907). Two e s s e n t ia l ly  re c ip ro c a l subsets were 

id e n t i f ie d  by monoclonal a n tib o d ie s  (MAb's) re co g n is in g  

de te rm inan ts  now designated as CDA5R and UCHL1. These 2 

an tigens  are expressed by re c ip ro c a l subsets o f  CDA+ c e l ls  due 

to  d i f f e r e n t ia l  s p l ic in g  o f  messenger RNA coding fo r  the 

leucocy te  common a n tig e n , T20D complex (B e ve rle y , 1907). The 

fu n c t io n  o f  supp re sso r-in duce r (S I)  c e l ls  was found to  be a 

p ro p e rty  o f  the  CD*++ CDA5R+ subse ts , w h ile  CDA+ UCHL1+ c e l ls  

were re q u ire d  as he lpe rs  fo r  an tibody  p ro d u c tio n . A m arker, 

id e n t i f ie d  by the  MAb, Leu0, has a lso  been shown to  

d i f f e r e n t ia te  SI (Leu0+) and h e lp e r (LeuS-) CDA+ subset (Damle
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e t a l f 19BA). CDA5R has re c e n t ly  been re p o rte d  to  be a

d i f f e r e n t ia t io n  a n tig en  (Akbar e t a l ,  1988) and i t  is  

th e re fo re  p o s s ib le  th a t  LeuB, a lin e a g e  marker (B eve rle y , 

19B7), may more p re c is e ly  d e fin e  the  SI subse t.

R ec ip roca l subsets o f  CDB+ T c e l ls  have a lso  been described  

(R ich , E l Masry and Fox, 1986) (Tab le  2 .1 ) .  CD8+ CD2B+ T 

c e l ls  were found to  be p recu rso r and e f fe c to r  c y to to x ic  c e l ls  

w h ile  suppression o f  an tibody  s y n th e s is  was r e s t r ic te d  to  the  

CDB+ CD11+ subse t.

Table 2.1

Phenotypes and functions of human T c e ll  subsets

Subset Proposed Function Reference

CDA+ UCHL1 + Helper Beverley (1987)

CDA+ CDuj29 (ABA) Helper Morimoto e t a l (1986)

CDA+ Leu 8+ S uppressor-inducer Kansas and 
Engleman (1987)

CDA+ CDA5R (2HA) S uppressor-inducer Takeuchi e t a l (1987)

CD8+ CD28+ C y to to x ic R ich, E l Masry 
and Fox (1986)

CDB+ CD11 + S u p p re s s o r-e ffe c to r R ich, E l Masry 
and Fox (1986)
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2.6 .2  Functional Evidence for Suppressor-inducer Subset of CDA+ T Cells

Engleman and co lleagues have id e n t i f ie d  CDA+ Leu 8+ c e l ls  as

induc ing  a n tig e n  s p e c if ic  suppression  in  CD8+ T c e l ls  (Damle 

e t a l ,  198A). In  these experim ents CDA+ Leu 8+ T c e l ls  mere 

primed w ith  the  m ycobac te ria l a n tig e n , p u r i f ie d  p ro te in  

d e r iv a t iv e  (PPD) in  the  presence o f  APC. The PPD a c tiv a te d  

CDA+ Leu 8+ c e l ls  mere then c o c u ltu re d  w ith  p u r i f ie d  

auto logous CD8+ T c e l ls .  A d d it io n  o f  c o c u ltu re d  but not 

c o n tro l CD8+ c e l ls  re s u lte d  in  dose-dependent suppression o f 

the  p r o l i f e r a t iv e  response o f  fre s h  CDA+ T c e l ls  to  PPD.

Suppression was a n t ig e n -s p e c if ic  as the  responses o f  CDA+

c e l ls  to  te tanus  to x o id  were not suppressed.

These experim ents have been confirm ed by B rines  and Lehner 

(1988), who induced CD8+ T suppressor c e l ls  s p e c if ic  fo r  a 

s o lu b le  b a c te r ia l a n tig e n . D e p le tio n  o f  supp resso r-induce r 

(S I)  CDA+ Leu 8+ c e l ls  com p le te ly  in h ib ite d  in d u c tio n  o f 

s u p p re s s o r-e ffe c to r  (SE) CD8+ c e l ls .

2.6.3 Genetic Restrictions of Suppressor T Cells

S tud ies in  humans have not assoc ia ted  SI o r SE c e l ls  w ith  

express ion  o f  unique HLA-encoded o r assoc ia ted  determ inan ts  

(R ich , E l Masry and Fox, 1986), a lthough  one re p o r t (N avarre te  

e t a l ,  1985) suggested th a t  DQ de te rm inan ts  o f  the  HLA c la ss  

I I  re g io n  m ight r e s t r ic t  suppressor T c e l l  in d u c tio n  in  the  

mixed lymphocyte re a c t io n .

2 . 6 . A Recognition Elements of SI and SE Cells

That p a r t o f  the  TCR v a r ia b le  re g io n , fo rm ing  the  an tig en  

b in d in g  s i t e  and d e f in in g  the  c lo n a l i t y  o f  the  T c e l l ,  is  

known as the  id io ty p e  (reviewed by Geha, 1986).
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Jerne (1974) proposed a model o f  the  immune system in  which 

id io ty p e -a n t i id io ty p e  re c o g n it io n  may p rov ide  a re g u la to ry  

mechanism fo r  the  immune response. One consequence o f  t h is  

th e o ry  is  th a t  T c e l l  id io ty p e s  may be re g u la te d  by an a n t i -  

id io ty p ic  mechanism. The f i r s t  expe rim en ta l evidence o f  t h is  

was p rov ided by Lamb and Feldmann (1982). They showed th a t  

re c o g n it io n  by a cloned T suppressor c e l l  o f  an in flu e n z a  

a n tig e n  s p e c if ic  auto logous cloned T h e lp e r c e l l  was p robab ly  

due to  re c o g n it io n  o f the  TCR id io ty p e .  The a c t iv a t io n  o f 

a n t ig e n -s p e c if ic  CDB+ SE c e l ls  by primed CD4+ SI c e l ls  in  the  

apparent absence o f the  i n i t i a l  a n t ig e n ic  s tim u lu s  (Damle e t 

a l ,  1984; B rines  and Lehner, 1988) a lso  in d ic a te d  re c o g n it io n  

o f  the CD4+ TCR id io ty p e  by CD8+ c e l ls .  SE c e l ls  are CD8+ and 

th e re fo re  would be expected to  recogn ise  a n tig en  in  the  

c o n te x t o f  c la ss  I  MHC products  (Bjorkman e t a l ,  1987). The 

id io to p e  may th e re fo re  be assoc ia ted  w ith  c la s s  I  products  on 

the  SI c e l l  membrane..

I f  SE c e l ls  recogn ise  TCR id io ty p e s ,  t h e i r  ta rg e ts  fo r  

suppression may be T h e lp e r c e l ls  express ing  id io to p e s  fo r  

p rim in g  a n tig e n ic  e p ito p e s . Th is  is  indeed suggested, a t the  

c lo n a l le v e l,  by Lamb and Feldmann's r e s u lts  (Lamb and 

Feldmann, 1982) and by O tte n h o ff e t a l (1986). These au thors 

is o la te d  and cloned suppressor T c e l ls  from  s k in  le s io n s  o f  

( le p ro sy  p a t ie n ts .  The c lones suppressed M. le p ra e  s p e c if ic  

responses by CD4+ c e l ls .  Since the  c lones d id  not themselves 

recogn ise  and respond to  M. le p ra e  a n tig e n s , i t  is  p a ss ib le  

th a t  they recogn ised the  id io to p e  expressed by M. lep rae  

s p e c if ic  CD4+ c e l ls .  Since T c e l ls  can a ls o  recogn ise  and
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respond to  ep ito pes  expressed by the  Ig  v a r ia b le  re g io n , 

(Geha, 1906), the  an tibody  id io ty p e ,  i t  is  p o s s ib le  th a t  SE 

c e l ls  can recogn ise  the  id io to p e  expressed by the  B c e l l  and 

d i r e c t ly  suppress B c e l l  fu n c t io n .

The most d e ta ile d  in v e s t ig a t io n s  o f  id io ty p ic  re g u la t io n  in  

autoimmune c o n d it io n s  are by Cohen (1906). He and h is  

c o lla b o ra to rs  have prepared murine T c e l l  c lones re co g n is in g  

au toan tigens  such as m ye lin  bas ic  p ro te in  (MBP). Adoptive 

t ra n s fe r  experim ents have dem onstrated the  a b i l i t y  o f  these 

c lones to  t ra n s fe r  expe rim en ta l a l le r g ic  e n ce p h a lo m ye litis  

(EAE), the  d isease caused by im m unisation w ith  MBP, to  

syngeneic an im a ls . However, when these T c e l l  c lones were 

tre a te d  by membrane m o d if ie rs ,  such as h y d ro s ta t ic  p ressu re , 

which may have increased the  im m unogenicity o f  the  c e l l  

membrane components, and then used to  immunise an im a ls , 

p ro te c t io n  was a ffo rd e d  a g a in s t the  d isease . S im ila r  re s u lts  

were ob ta ined  w ith  a r th r i to g e n ic  T c e l l  c lones (Van Eden e t 

a l ,  1900). Cohen has suggested th a t  the  immunizing c lones may 

a c t as SI c e l ls  which can s t im u la te  SE c e l ls  capable o f 

re co g n is in g  the  T c e l l  re c e p to r id io ty p e  o f  the  SI c e l ls .  

However, o th e r e xp la n a tio n s  are p o s s ib le . Membrane 

a l te ra t io n s  may have a llow ed p u ta t iv e  "im m unis ing" T c e l ls  to  

t o le r is e  pathogenic T c e l ls .  A lte rn a te ly ,  the  r e c ir c u la t io n  

p a tte rn s  o f  pathogenic T c e l ls  may have been a lte re d  due to  

the  presence o f  "im m unis ing" T c e l ls  in  in flam m ato ry  s i te s .

Cohen's experim ents undoubtedly open the  p o s s ib i l i t y  o f 

v a c c in a tin g  p a t ie n ts  a g a in s t autoimmune d isease , us ing 

a n t ig e n -s p e c if ic  T c e l ls .  However, the  id e n t i f ic a t io n  o f
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autareactivE  T c e lls  has s t i l l  to be made in  most autoimmune

connective tissue diseases, including JDM.

2.6.5 Regulation of the Immune Response to Autoantigens

The M iddlesex group have e x te n s iv e ly  s tu d ie d  T c e l l  

suppression exe rted  on au toan tigen  induced immune responses. 

Mice primed w ith  r a t  red blood c e l ls  may develop Coombs 

p o s it iv e  haem o ly tic  anaemia. T ra n s fe r o f  T c e l ls  from primed 

anim als in to  norm al, syngeneic re c ip ie n ts  s p e c i f ic a l ly  

suppressed subsequent in d u c tio n  o f  the  Coombs au toan tibody  

response (Cooke, Hutchings and P la y fa ir ,  1978). In d u c tio n  o f 

to le ra n c e  to  th y ro g lo b u lin  was a ls o  shown to  depend on the

presence o f  a c t iv e  suppressor c e l ls  s p e c if ic  fo r  th y ro g lo b u lin  

(P a rish  e t a l ,  1980).

The a c t iv e  c o n tro l o f  responses to  s e lf-a n t ig e n s  by suppressor

T c e l ls  has a lso  been dem onstrated in  man. P a tie n ts  w ith  

c h ro n ic  a c t iv e  h e p a t i t is  (CAH) may g ive  ir i v i t r o  T c e l l

responses to  a h e p a to c e llu la r  membrane component o f  l i v e r  

s p e c if ic  p ro te in  (LSP) (Vento and E dd leston , 1987). Th is 

response cou ld  be suppressed by T c e l ls  from  h e a lth y  normals

but not by T c e l ls  from 50% o f  f i r s t  degree re la t iv e s  o f  the  

p a t ie n ts ,  suggesting  g e n e tic  fa c to rs  in  the  a b i l i t y  to  mount a

suppressor T c e l l  response. A lthough CAH is  assoc ia ted  w ith

the  HLA an tig ens  BB and DR3, the  in a b i l i t y  o f  r e la t iv e s  to  

induce suppressor c e l ls  was not r e s t r ic te d  to  in d iv id u a ls  w ith  

t h is  hap lo type .

Suppressor mechanisms s p e c if ic  f o r  s e l f  an tig ens  were a lso  

im p lie d  from the  re s u lts  o f  Mach e t a l  (190*0, showing th a t
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DNA cou ld  s t im u la te  s p e c if ic  anti-DNA an tib ody  syn th e s is  in  

PBMC from  SLE p a t ie n ts  but not from c o n tro l c e l ls .  P u r if ie d  B 

c e l ls  from some normal in d iv id u a ls  cou ld  however be induced to  

secre te  anti-DNA a n tib o d ie s .

T he re fo re , la c k  o f  in d u c tio n  o f  au toan tigen  s p e c if ic  

suppressor T c e l ls  may be a p red isp o s in g  fa c to r  in  the 

development o f  autoimmune d isease .

2.6 .6  Conclusion

The ex is ten ce  o f  suppression as a component o f  the  immune 

response has been v e r i f ie d  in  many expe rim e n ta l systems, but 

the  ro le  o f  suppressor T c e l ls  remains in  doubt (M itc h is o n , 

198B). Th is is  due to  the  com p le x ity  o f  systems in  which 

suppression is  observed and the  la c k  o f data d e f in in g  the  

m o lecu la r in te ra c t io n s  between e p ito pes  and TCR o f  suppressor 

c e l ls .

The work o f Engleman and h is  a sso c ia te s  (review ed by Fox, 

Elmasry and R ich , 1906) suggested th a t  SI c e l ls  rep resen t a 

separa te  lin e a g e . However, u n t i l  the  ep ito pes  expressed by SI 

c e l ls  and recogn ised by s u p p re s s o r-e ffe c to r  c e l ls  have been 

d e fin ed  in  m o lecu la r terms and t h e i r  MHC r e s t r ic t io n s  analysed 

and con firm ed , the  p o s s ib i l i t y  remains th a t  the  phenomenon o f 

s u p p re s s io n - in d u c tio n  may be an ir i v i t r o  a r te fa c t .

2.7 Graft -versus- Host Reaction: A Model o f Autoimmune Disease

Severa l th e o r ie s  o f  auto im m unity , in c lu d in g  m o lecu la r m im icry , 

a lte re d  s e l f ,  ab rog a tion  o f  to le ra n c e  and d e fe c ts  in  

im m unoregulation by suppressor T c e l ls  have been discussed in  

p rev ious  s e c tio n s . Is  i t  th e re fo re  p o s s ib le  to  c o n s tru c t a
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model o f  autoimmune d isease , o f  re levance to  JDM, and 

encompassing a t le a s t some o f  these concepts?

P a tie n ts  g iven bone marrow tra n s p la n ts  may develop DM (G a le , 

1985) as a consequence o f  g r a f t  -v e rs u s -  host d isease (GUHD) 

due to  MHC in c o m p a ta b il it ie s  between donor and h o s t. Animal 

models have shown th a t  autoimmune fe a tu re s  o f  GUHD a r is e  due 

to  re c o g n it io n  by donor T c e l ls  o f  host MHC c la s s  I I  an tig ens  

(Gleichmann, 198A). R ecogn ition  o f  a l io  c la ss  I I  may be 

compared to  responses a g a in s t a l te r e d - s e l f  a n tig e n s , and c la s s  

I I  a n tig e n s , expressed by t is s u e  macrophages and e n d o th e lia l 

c e l ls  (Pober e t a l ,  1983), are w id e ly  d is t r ib u te d  in  many 

t is s u e s  o f  the  h o s t.

I t  is  w e ll e s ta b lis h e d  th a t  o rg a n -s p e c if ic  a u to a n tib o d ie s , 

such as a n ti- th y m o c y te  and an ti-sm oo th  muscle a n tib o d ie s , as 

w e ll as anti-DNA and a n t i-n u c le a r  a n tib o d ie s  are produced in  

GUHD. A lthough these re s u lts  cou ld  be in te rp re te d  as due to  

n o n -s p e c if ic  p o ly c lo n a l r e a c t iv i t y  (G leichmann, 198*t), they  

cou ld  a lso  re s u lt  from  re c o g n it io n  by the  immune system o f 

s e lf-e p ito p e s  exposed by the  d isease p rocess. Th is l a t t e r  

in te r p r e ta t io n  m ight have more re levance  to  o th e r autoimmune 

connective  t is s u e  d iseases, in c lu d in g  JDM, in  which the  range 

o f  a u to a n tib o d ie s  observed is  more r e s t r ic te d  than in  GUHD 

(P is e ts k y , 1987).

A n ti- lym ph ocy te  a n tib o d ie s  have a ls o  been de tec ted  in  anim als 

w ith  autoimmune GUHD and p a t ie n ts  w ith  connective  t is s u e  

diseases (review ed by W in f ie ld ,  1985). A n tib o d ie s  in  the  

serum o f  p a t ie n ts  w ith  ju v e n i le  rheum atoid a r t h r i t i s ,  w ith



s p e c i f ic i t y  fo r  an an tig en  expressed by supp re sso r-in duce r T 

c e l ls ,  may c o n tr ib u te  to  the  re d u c tio n  o f  t h is  subset in  

p a t ie n t p e r ip h e ra l blood (B o re l,  190*0. The de te rm inan ts  

recogn ised by an ti- lym p h o cy te  a n tib o d ie s  are the  su b je c t o f 

c o n tin u in g  co n trove rsy  (W in f ie ld ,  1905). T h e ir  re levance to  

d isease processes are unknown, but complement f ix a t io n  by 

a n ti- lym p h o cy te  a n tib o d ie s  cou ld  r e s u lt  in  c e l l  ly s is  and 

d is re g u la t io n  o f  the  host immune response. A n ti-lym ph ocy te  

a n tib o d ie s  have a lso  been shown to  c o n tr ib u te  to  immuno

suppression (P ruzansk i, 1906) and, by in te r fe r in g  w ith  the 

fu n c t io n  o f  re g u la to ry  subse ts , cou ld  promote autoimmune 

d ise a se .

Via and Shearer (1907) have suggested th a t  the  host may 

a ttem pt to  c o n tro l d is re g u la t io n  o f the  immune system d u rin g  

GVHD by a l te r in g  the  balance o f  the  immune response towards 

suppress ion . Reduced CDA+ T c e l l  dependent responses have 

been shown to  be mediated by suppressor c e l ls  generated du rin g  

GVHD. Anerg ic lymphocyte responses are a lso  a fe a tu re  o f  RA 

and SLE, and im paired T lym phocyte fu n c t io n  ir i  v i t r o , 

in c lu d in g  d im in ished  p r o l i f e r a t iv e  responses to  m itogens and 

an tigens  have been described (review ed by A lc o c e r-V a re la , 

Jouanen and A la rcon -S egov ia , 1905; Emery e t a l ,  190A;

W arring ton , 1907).

O ppo rtu n is t v i r a l  in fe c t io n  cou ld  a ls o  c o n tr ib u te  to  immuno

suppression o f the  host immune response, d u rin g  autoimmune 

d isease (W illia m s , 1977). There are an in c re a s in g  number o f 

obse rva tions  th a t  v iru s e s  may in fe c t  c e l ls ,  in c lu d in g  

lym phocytes and macrophages, " s i l e n t ly "  (review ed by McChesney
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and D ldstone , 1907), in  which case c e l l  ly s is  and c y to p a th ic  

e f fe c ts  may not be observed, even when v i r a l  r e p l ic a t io n  takes 

p la c e . Furtherm ore, " s i le n t "  in fe c t io n  o f  immunocompetent 

c e l ls  has been shown to  suppress immune fu n c t io n .

I t  is  p a ra d o x ica l th a t  an e rg ic  lym phocyte responses may 

c o e x is t w ith  autoimmune disease in  the  same in d iv id u a l .  There 

is  no s a t is fa c to ry  e x p la n a tio n  fo r  t h is  o b se rva tio n  as y e t.  

I t  is  p o s s ib le  th a t im m unoregulatory c e l ls  may suppress 

p rim ary  immune responses more e f f i c ie n t l y  than memory T c e l ls  

responding to  p u ta t iv e  a u to a n tig e n s . A lso , the  balance o f 

im m unoregulation w ith in  the  in flam m atory  s i t e  may be t i l t e d  

towards auto im m unity . The lo c a l environm ent, such as the  

p re c ise  p ro p o rtio n s  o f  d i f f e r e n t  T c e l l  subse ts , t h e i r  s ta te  

o f a c t iv a t io n ,  p h y s ic a l a s s o c ia tio n s  w ith  each o th e r , the 

presence o f  cy to k in e s  and t h e i r  in h ib i t o r s ,  would determ ine 

whether the  e q u il ib r iu m  between to le ra n c e  and autoim m unity was 

abrogated.
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CHAPTER 3

3.0  NATURAL KILLER CELLS IN INFECTION AND AUTOIMMUNITY

During the  e a r ly  1970's Herberman and a ssoc ia tes  re p o rte d  th a t 

lym phocytes is o la te d  from unimmunised, normal hosts cou ld  ly s e  

c e r ta in  tumour c e l l  ta rg e ts  (Herberman and G aylord , 1973). 

K i l l in g  was observed not to  be r e s t r ic te d  by the  MHC (B o lhu is  

e t a l ,  1978). Th is is  known as n a tu ra l k i l l e r  (NK) a c t iv i t y .  

NK c e l ls  may p lay  an im po rtan t in n a te  ro le  in  combating a 

v a r ie ty  o f  v i r a l  in fe c t io n s  (review ed by Herberman and 

□ r ta ld o ,  1901), and may a lso  have im po rtan t im m uno-regulatory 

fu n c t io n s , concerned w ith  both a n tib ody  p ro d u c tio n  (Kuwano e t 

a l ,  1986) and the  a c t iv a t io n  o f  c y to to x ic  and suppressor T 

c e l ls  (Stephens e t a l ,  1985). Reduced NK a c t iv i t y  has been 

re p o rte d  in  JDM p a t ie n ts  and in  p a t ie n ts  w ith  o th e r autoimmune 

connective  t is s u e  diseases ( M i l le r ,  Lantner and Pachman, 1903; 

reviewed by S ib b i t t  and Bankhurst, 1985).

3.1 Imnunoregulatary Role of NK Cells

S tud ies  in  the  e a r ly  1980's suggested phenotyp ic  s im i la r i t ie s  

between NK c e l ls  and c e l ls  w ith  suppressor fu n c t io n ,  in  th a t 

most c e l ls  o f  both lymphocyte p o p u la tio n s  shared express ion  o f 

the  CD8 and Leu7 markers (Abo, Cooper and B a lch , 1982a). Th is 

le d  to  exam ination o f  the  a b i l i t y  o f  NK c e l ls  to  mediate 

suppressor fu n c t io n .

NK c e l ls  were found to  suppress T and B c e l l  fu n c t io n  in  a 

v a r ie ty  o f  in  v i t r o  assay systems, by a mechanism d is t in c t  

from  c y to to x ic  a c t iv i t y  (Kuwano e t a l ,  1986). NK suppressor 

c e l ls  d i f fe r e d  from T suppressor c e l ls  in  being r e la t iv e ly
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r a d ia t io n  re s is ta n t  (T ild e n , Abo and Ba lch, 19B3). As w e ll as 

a c t in g  as e f fe c to rs  o f  supp ress ion , NK c e l ls  may a lso  be 

capable o f induc ing  suppressor a c t iv i t y  in  T c e l ls  (Stephens 

e t a l ,  1905). These au tho rs  re p o rte d  th a t  lymphokine 

c o n ta in in g  superna tan ts  secre ted  by a c t iv a te d  NK c e l ls  induced 

n o n -s p e c if ic  suppressor a c t iv i t y  in  T c e l ls .  One o f the  

lymphokines m ed ia ting  t h is  a c t iv i t y  was id e n t i f ie d  as IFN-tf. 

The a c t iv a t io n  and p r o l i f e r a t io n  o f  NK c e l ls  have a lso  been 

observed in  the  mixed lym phocyte re a c t io n  (Salmon e t a l ,  1905) 

and the  auto logous mixed lym phocyte re a c t io n  (Goto and 

Z w a if le r ,  1903), jln  v i t r o  assay systems in  which the 

g e n e ra tion  o f  im m unoregulatory c e l ls  has been w e ll e s ta b lis h e d  

(K le in ,  1902; F i tz h a r r is  and K n ig h t, 1901).

T h e re fo re , NK c e l ls  may form  p a r t o f  a hom eostatic  mechanism 

w ith  the  c a p a c ity  to  re g u la te  the  immune response, as w e ll as 

possessing a p u ta t iv e  ro le  in  a n ti- tu m o u r im m unity. The 

d e c lin e  o f NK a c t iv i t y  w ith  o ld  age is  t y p ic a l ly  accompanied 

by increased c o n ce n tra tio n s  o f  c i r c u la t in g  a u to a n tib o d ie s  

(Abruzzo and Rowley, 1903). Low o r absent NK a c t iv i t y  is  

p a r t ic u la r ly  assoc ia ted  w ith  s t ra in s  o f  mice express ing  the  

beige gene m u ta tio n . These mice are prone to  development o f  

g lo m e ru lo n e p h r it is  and o th e r S L E -like  d is o rd e rs  (Roder e t a l ,  

1902).

3 .2  NK A ctiv ity  and Autoimmune Disease

Reduced le v e ls  o f  NK a c t iv i t y  have been observed in  PBMC from 

p a t ie n ts  w ith  autoimmune connective  t is s u e  d iseases, in c lu d in g  

JDM. There is  some evidence , based on phenotyping s tu d ie s , o f  

decreased numbers o f NK c e l ls  in  p a t ie n ts  w ith  SLE (Egan e t
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a l ,  1983), a lthough  i t  has a lso  been cla im ed th a t  the  number 

o f  e f fe c to r - ta r g e t  con juga tes , formed by PBL from  SLE 

p a t ie n ts ,  mere not s ig n i f ic a n t ly  reduced compared to  c o n tro ls  

( S ib b it ,  Mathews and Bankhurst, 190L). Th is  d isc repancy , 

however, was p robab ly  due to  b in d in g  o f  a T c e l l  subpopu la tion  

to  ta rg e ts  ( P h i l l ip s  and L a n ie r, 1985).

A n a lys is  o f  fu n c t io n  o f  l\IK c e l ls  from SLE p a t ie n ts  has 

demonstrated s ig n i f ic a n t  decreases in  le v e ls  o f  c y to to x ic  

fa c to rs  secre ted  in  response to  ta rg e t  c e l ls  compared to  

c o n tro ls  ( S ib b i t t  and Bankhurst, 1985). I t  is  p o s s ib le  th a t 

fu n c t io n a l d e fe c ts  o f  NK c e l ls  from  p a t ie n ts  w ith  autoimmune 

diseases are p a r t ly  due to  b in d in g  o f  immune complexes to  the  

low a f f i n i t y  Fc re c e p to r (CD16), expressed on BB-9B% o f human 

NK c e l ls  (P eruss ia  e t a l ,  198*t).

3.3  Properties of NK Cells

The evidence o f  recen t expe rim en ta l r e s u lts  in d ic a te s  th a t  NK 

c e l ls  form  a separa te  lin e a g e , d is t in c t  from  T and B c e l ls .  

Scid mice e x h ib it  a severed combined im m unodeficiency due to  

d e fe c ts  in  e a r ly  T and B c e l l  d i f f e r e n t ia t io n .  N eve rthe less , 

bone marrow tra n s p la n t experim ents showed th a t  NK p ro g e n ito r  

c e l ls  from s c id  mice cou ld  d i f f e r e n t ia t e  in to  mature NK c e l ls  

w ith  normal l y t i c  fu n c t io n  (H acke tt e t a l ,  1986). Th is 

suggests th a t  NK c e l ls  rep resen t a more p r im it iv e  lymphocyte 

than T o r B c e l ls .  Th is  concept is  suported  by the evidence 

th a t  NK c e l ls  do not rearrange  o r t ra n s c r ib e  TCR genes (L a n ie r 

e t a l ,  1986) and u t i l i s e  a c lo n a l ly  in v a r ia n t  ta rg e t  c e l l  

re c e p to r (review ed by Hersey and B o lh u is , 1987).
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The nature  o f  the a n tig en  re c e p to r fo r  (\IK c e l ls  is  s t i l l  

u n c le a r and c o n tro v e rs ia l (L a n ie r  e t a l ,  1906; Kaplan, 1906; 

Hersey and B o lh u is , 1907). Cold co m p e tit io n  experim ents have 

shown the  a b i l i t y  o f  d i f f e r e n t  ta rg e t  c e l l  l in e s  to  compete 

fo r  k i l l i n g  by NK c e l ls ,  in fe r r in g  the  e x is te n ce  o f  c ro s s - 

re a c t in g  ta rg e t  an tigens  and a complementary re c e p to r on the 

e f fe c to r  c e l l .  The CD2 complex has been shown to  be an 

accessary, c lo n a l ly  in v a r ia n t  re c e p to r expressed by T c e l ls  

(O 'F lynn  e t a l ,  1905). A lso , the  CD2 re c e p to r is  expressed by 

most NK c e l ls  (P eruss ia  e t a l ,  190A), and recen t experim ents 

have demonstrated th a t  b in d in g  o f  anti-C D 2 a n tib o d ie s  to  NK 

c e l ls  augmented k i l l i n g ,  suggesting  th a t  s ig n a ls  re q u ire d  fo r  

ly s is  were transduced by the  CD2 complex (Schmidt e t a l ,

1907). T he re fo re , CD2 may be the  a n tig e n  re c e p to r , o r 

assoc ia ted  w ith  the  a n tig e n  re c e p to r , on NK c e l ls .  Comparison 

o f  the  phenotypes o f  NK c e l ls  and o th e r leucocy tes  is  

presented in  Table 3 .1 .
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TABLE 3.1

Phenotypic Relationship Betueen IMK Cells and Other Leucocytes

Phenotypes3

T LYMPHOCYTES NK CELLS MONOCYTES GRANULOCYTES

CD2 + + - -

CD3 + - - -

CD*+ + - + -

CD7 + 4- - -

CDB + + - -

CD11a + + + +

CD16 - + - +

CD1B + 4- + +

Leu7 + - -

Leu19 + + - -

g

Taken from P h i l l ip s  and Lan ie r (19B 6).
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3 .4  IFN Receptors and IMK Cells

The in te r fe ro n s  are a fa m ily  o f  p ro te in s  de fin ed  as possessing 

a n t iv i r a l  a c t iv i t i e s  ( T r in c h ie r i  e t a l ,  1978). Receptors fo r  

each IFN type have been de tected  on NK c e l ls  (F a lty n e k , 

P r in c le r  and O rta ld o , 1986) and s tro n g  enhancement o f  NK 

a c t iv i t y  can be induced by trea tm en t o f  e f fe c to rs  w ith  IFN and 

IFN induc ing  agents ( T r in c h ie r i  and P e russ ia , 1982).

In  many v i r a l  in fe c t io n s ,  such as C oxsack iev irus  B3 induced 

m y o c a rd it is ,  in  which IF N 's  are  secre ted  by in fe c te d  

c a rd io c y te s , NK c e l ls  may be im p o rtan t m ed ia to rs o f  e a r ly  

re s is ta n c e  a g a in s t in fe c t io n  (Godeny and G auntt, 1987). I t  is  

p robable  th a t  the  la t t e r  stages o f  re s is ta n c e  a g a in s t v i r a l  

in fe c t io n s  are mediated by a n t ig e n -s p e c if ic  c y to to x ic  T c e l ls ,  

but i t  is  p o s s ib le  th a t IF N 's  secre ted  by NK c e l ls ,  in  

response to  v i r a l l y  in fe c te d  c e l ls ,  may enhance k i l l i n g  by 

c y to to x ic  T c e l ls  (M cIn ty re  and Welsh, 1986; C hris tm as, Meager 

and Moore, 1987). The c e n tra l r o le  o f  IF N 's  in  prom oting 

re s is ta n c e  to  some v i r a l  in fe c t io n s  is  suggested by 

experim ents in  which the  a d m in is tra t io n  o f  a n t i- IF N  a n tib o d ie s  

reduced re s is ta n c e  o f  an im als in fe c te d  w ith  cy tom ega lov irus  

and h e p a to tro p ic  v iru s e s  (Shellam , Grundy and A lla n ,  1982).

3 .5  IL -2  Receptors and NK Cells

The h igh  a f f i n i t y  IL -2  re c e p to r is  a he te rod im er composed o f  2 

p ro te in s , each capable se p a ra te ly  o f  b in d in g  to  IL -2  (review ed 

by Sm ith, 1988). The 2 components o f  the  he te rod im er have 

been designated IL-2Ra and IL-2RB, the  la t t e r  express ing  the 

ep ito pe  (CD25) recogn ised by the  a n ti-T a c  a n tib o d y . IL-2Ra 

and B appear to  be combined d u rin g  the  process o f  lymphocyte
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a c t iv a t io n .

F resh ly  is o la te d  NK c e l ls  were found to  be h ig h ly  en riched  in  

IL-2Ra compared to  re s t in g  T c e l ls  (S ie g e l e t a l ,  1987; 

Dukovich, 1987). Since IL-2Ra has been proposed as the 

b io lo g ic a l ly  a c t iv e  component o f  the  IL-2R  (S m ith , 1988), i t  

is  p o s s ib le  th a t  NK c e l ls  are more responsive  to  the  e f fe c ts  

o f  IL -2  than re s t in g  T c e l ls .  Metaphase in h ib i t io n  

experim ents have produced evidence su p p o rtin g  t h is  v iew . Most 

NK c e l ls ,  but on ly  a m in im al number o f  T c e l ls ,  were induced 

in to  S phase in  the  presence o f  IL -2  and c o lc h ic in e  (London, 

Perussia and T r in c h ie r i ,  1986). Im m unop re c ip ita tio n  

experim ents have demonstrated the  in d u c tio n  o f  Tac an tig en  on 

p u r i f ie d  NK c e l ls  d u rin g  c u ltu re  in  IL -2 .  T h e re fo re , i t  

appears th a t  the  i n i t i a l  s t im u la to ry  s ig n a ls  mediated by IL -2  

are transduced by IL-2R a, presen t c o n s t i tu t iv e ly  on NK c e l ls .  

These a c t iv a t io n  s ig n a ls  then induce the  express ion  o f  h igh  

a f f i n i t y  IL -2  re ce p to rs  on NK c e l ls .

The s ig n if ic a n c e  o f these o b se rva tions  l i e s  in  the  fa c t  th a t  

lymphocytes c u ltu re d  in  IL -2  may a cq u ire  n o n -s p e c if ic  l y t i c  

a c t iv i t y  a g a in s t a v a r ie ty  o f  ta rg e t  c e l ls ,  in c lu d in g  

auto logous and a llo g e n e ic  tum ours, r e s is ta n t  to  NK c e l ls  

(review ed by Hersey and B o lh u is , 1987). C e lls  a c q u ir in g  these 

fu n c t io n s  on c u ltu re  in  IL -2  have been termed lymphokine 

a c t iv a te d  k i l l e r  (LAK) c e l ls .  The m ajor fe a tu re  o f  t h is  l y t i c  

a c t iv i t y  is  th a t  is  MHC u n re s tr ic te d .

Much p u b l ic i t y  has a ttended the  e x p lo i ta t io n  o f LAK c e l ls  in  

v iv o , in  the  trea tm en t o f  p a t ie n ts  w ith  cancer. However, in  

s ite s  o f v i r a l  in fe c t io n ,  s e c re tio n  o f  IL -2  by an tig en
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s p e c if ic  T c e l ls  may induce a c t iv a t io n  o f  LAK c e l ls  uh ich  

cou ld  c o n tr ib u te  to  re s is ta n c e  to  in fe c t io n .  A reduced 

frequency o f  such c e l ls  o r t h e i r  p recu rso rs  cou ld  r e s t r ic t  the 

a b i l i t y  o f  the  host to  combat in fe c t io n .

3 .6  Conclusion

NK c e l ls  form  a d is t in c t  lym phocyte subse t, w ith  the  p o te n t ia l 

to  exe rc ise  im m unoregulatory fu n c t io n s . Lack o f re g u la t io n  by 

NK c e l ls  o f  r e a c t iv i t y  a g a in s t s e l f  may be a p red ispos ing  

fa c to r  in  the  development o f  autoimmune d isease . A c t iv a t io n  

o f  NK c e l ls  by lymphokines secre ted  in  d isease s ite s  may 

p rov ide  the  host w ith  an im po rtan t defence a g a in s t v i r a l  

in fe c t io n .  D e fe c tive  g e n e ra tion  o f  such a c t iv a te d  NK c e l ls  

cou ld  c o n tr ib u te  to  an in a p p ro p r ia te  response to  v ir u s .
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CHAPTER 4

4.D MATERIALS AND METHODS

4.1 P a tie n ts

4 .1 .1  C h ild re n . P a ren ta l app rova l was ob ta ined  when blood was taken

from c h ild re n  in  these s tu d ie s . A l l  the  c h ild re n  were

a tte n d in g  the  Muscle C l in ic  a t Hammersmith H o s p ita l under the
jj

care o f  P ro f \l Dubo>/itz, in  the  Department o f  P a e d ia tr ic s  and 

Neonatal M edic ine.

4 .1 .2  A d u lts . A d u lt p a t ie n ts  s tu d ie d  were a tte n d in g  the

Rheumatology C l in ic  a t the  M iddlesex H o s p ita l under the  care

o f  D r 's  M S na ith  and D Isenberg .

C l in ic a l  d e ta i ls  o f  p a t ie n ts  are g iven  in  Chapter 5.

4 .2  Monoclonal A n tib o d ie s  and Phenotype A n a ly s is

The monoclonal a n tib o d ie s  (MAb's) used in  these s tu d ie s , are 

g iven in  Table 4 .1 . For d e te rm in a tio n  o f  lymphocyte pheno

ty p e , p re-determ ined s a tu ra t in g  c o n c e n tra tio n s  o f  MAb's (50
5

ju l)  were added to  2 x 10 mononuclear c e l ls  in  suspension in  

LP3 tubes and incubated on ic e  fo r  20 m inu tes. C e lls  uere

washed tw ice  in  0.1% bovine serum albumen in  phosphate 

b u ffe re d  s a lin e  c o n ta in in g  0.05% sodium az ide  (PBS/BSA) and 50 

u l F (sb )2 r a b b it  anti-m ouse Ig  -  FITC (1 /1 0  d i lu t io n ,  DAK0) 

then added to  c e l ls  f o r  20 m in. a t 4°C. A l l  d i lu t io n s  were

made in  PBS/BSA. C e lls  were aga in  washed tw ic e  and

resuspended in  50% PBS -  g ly c e ro l be fo re  exam ination a t 200 nm 

us ing  a fluo rescence  m icroscope (O p tip h o t, N ikon, Japan). At 

le a s t  100 c e l ls  were counted fo r  e s tim a tio n  o f percentage o f
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TABLE 4 .1 . MONOCLONAL ANTIBODIES (MAb)

MAb Class
CD

D esignation Source Reference

□KT3 ^ Z a CD3 Ortho D iagn os tics Van Wauue, Goosens 
& Beverley (1983)

MT-310 I ^ GZa
CD4 Dr P Beverley^ Beverley (1902)

UCHT4 ^ Z a CDS Dr P Beverley Beverley (1902)

□KB7 ^ Z a CD21 O rtho D iagn os tics Golay & Webster (1907)

Leu 11 IgM CD16 Becton & D ick inson L an ie r e t a l (1903)

Leu 19a iq g1 — Becton & D ick inson Lan ie r e t a l (1906b)

A n t i- IL -2
Receptor

igG1 CD25 Becton & D ick inson Becton & D ick inson 
MAb Source Book (1906)

DA2C igG1 — Dr P Beverley Brooy e t a l (1979)

Leu 10b igG1 — Dr K Welshb Becton & D ick inson 
MAb Source Book (1906)

L243C igG1 — Dr K Welsh Lampson & Levy (1900)

B7/21d igG1 — Dr K Welsh Watson e t a l (1983)

2A10 igG1 — Dr P Beverley Beverley (1900)

2D1f igG1 — Dr P Beverley Beverley (1900)

Leu 10 igG1 CD45R Becton & D ick inson Morimoto e t a l (1905)

UCHL1 Dr P Beverley Beverley (1987)

a Leu 19 recogn ises an an tig en  p resen t on 90% o f  CD16 c e l ls .

b Leu 10 recogn ises a common po lym orph ic de te rm inan t p resen t on HLA-DQ
encoded a n tig e n s .

c DA2 and L243 recogn ises a non-po lym orph ic de te rm inan t p resen t on HLA-DR 
encoded a n tig e n s .

d B7/21 recogn ises a common po lym orph ic de te rm inan t p resen t on HLA-DP
encoded a n tig e n s .

e 2A1 recogn ises a non-polym orphic de te rm inan t p resen t on HLA-class I  
encoded a n tig e n s .

f  2D1 recogn ises an an tig en  common to  a l l  le u co cy te s .

g These MAb's were k in d ly  donated by Dr P B e ve rley .

h These MAb's were k in d ly  donated by Dr K LJelsh (G uy's H o s p ita l) .
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c e l ls  s ta in e d , l i a b i l i t y  o f  c e l l  p o p u la tio n s  was always 

g re a te r than 90%.

In  double s ta in in g  experim ents, the  above procedure was

fo llo w e d . However, a f te r  washing to  remove excess FITC

la b e lle d  con juga te , c e l ls  were incubated w ith  50 ju l o f  2%

normal mouse serum on ic e  fo r  20 m in. The c e l ls  were washed 

tw ice  in  PBS/BSA and then 50 u l o f  p h y c o e ry th r in  conjugated 

a n t i - IL - 2  re c e p to r an tib ody  (1 /15  d i lu t io n )  was added to  c e l ls  

fo r  20 m in. a t A°C. C e lls  were washed and resuspended in  

P B S /g lyce ro l. The p h y c o e ry th r in  con juga te  s ta in e d  c e l ls  were 

examined a t 3A0 nm.

Flow cytom etry  a n a ly s is  was k in d ly  perform ed by Mr S P a te l and 

Dr P Lydyard, M iddlesex H o s p ita l on an EPIC U f lo w  cytom eter 

(C o u lte r In s tru m e n ts ).

k.3 Treatment of Sera Used in  Experiments

I t  was p o s s ib le  th a t JDM and o th e r p a th o lo g ic a l sera conta ined 

immune complexes. T h e re fo re , a l l  sera were c e n tr ifu g e d  a t

5,000 x g fo r  30 min on a m icro fuge (MSE, London) and 

supernatants  re ta in e d . Immune complex le v e ls  be fo re  and a f te r  

c e n tr ifu g a t io n  were determ ined by PEG p r e c ip i ta t io n .  Th is  

method is  in  ro u t in e  use in  the  M iddlesex H o s p ita l Immunology 

Dept. B r ie f ly ,  immune complexes were p re c ip ita te d  from  sera 

in  12% p o lye thy le ne  g ly c o l (BDH, P o o le ), washed, and c la ss  

s p e c if ic  complexes measured by s in g le  r a d ia l  im m unod iffus ion . 

Th is  method dem onstrated th a t  a l l  immune complexes were 

c lea red  from sera by c e n t r i fu g a t io n .
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A l l  human sera and serum f ra c t io n s  were s te r i l i s e d  us ing  0.22 

/jm membrane f i l t e r s  (Gelman, Nottingham ) be fo re  a d d it io n  to  in  

v i t r o  assays.

4 .4  B io lo g ic a l Response M o d if ie rs

Recombinant IL -2  (S p e c if ic  a c t iv i t y  3 .6  x 10^ U/mg) mas the  

k ind  g i f t  o f  Biogen SA, Geneva).

5
Recombinant IFI\l-a (S p e c if ic  a c t iv i t y  1 x 10 U /m l) mas the 

k ind  g i f t  o f  Dr P Beverley (ICRF).

4 .5  F ra c t io n a tio n  o f  Whole Blood in to  Lymphocyte S ub-popu la tions

4 .5 .1  S epara tion  o f  PBMC from  Whole Blood

Blood mas taken by venepuncture from  h e a lth y  c o n tro ls  and 

p a t ie n ts  and a n tic o a g u la te d  m ith  20 U/ml o f  p re s e rv a tiv e  fre e  

hepa rin  (mucous heparin  sodium, Wedel P harm aceutica ls , London) 

Blood mas laye red  onto a F ico ll-H ypaque  s o lu t io n  o f  d e n s ity  

1.077 g /m l (Lymphopaque, Nyegaard, O s lo ). The g ra d ie n t mas 

c e n tr ifu g e d  a t B5D x g fo r  20 m in. and PBMC recovered from  the  

in te r fa c e ,  mashed tm ice  in  ca lc ium  and magnesium fre e  Hanks 

balanced s a l t  s o lu t io n  (HBSS, G ibco, P a is le y ) and the  m a jo r ity

o f  p la te le ts  removed by c e n t r ifu g a t io n  a t 200 x g. PBMC mere

resuspended in  RPM1 1640 (G ibco ), supplemented m ith  20 mM 

Hepes, 2 mM L -g lu tam ine  and 1 jjg /m l e ry th rom yc in  (CM). 

V ia b i l i t y  mas determ ined us ing  A c r id in e  o range /E th id ium  

bromide (Becton and D ick inson  Source Book).

4 .5 .2  P re p a ra tio n  o f  Sheep Red Blood C e lls  (SRBC)

SRBC (Burroughs Welcome, Beckenham, England) mere mashed 3 

tim es in  HBSS p r io r  to  trea tm en t m ith  S-2 am inoethy l 

is o th io u r iu m  bromide hydrobrom ide (AER, A ld r ic h ,  W is. USA). 1
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v o l o f  packed SRBC was tre a te d  w ith  A v o l o f  H 3  mM AET, pH 

9 .B , fo r  30 m in. a t 37°C. The SRBC were then mashed A tim es 

be fo re  resuspension and s to rage  in  CM. AET tre a te d  SRBC cou ld  

be used fo r  up to  /\k  days and mere then d isca rd ed .

A .5 .3  S epara tion  o f  E+ and E- F ra c tio n s

□ne v o l PBM (5 x ID ^ /m l) mas mixed m ith  1 v o l o f  a k% 

suspension o f AET-treated SRBC p lus  \  v o l o f  fo e ta l c a l f  serum 

(FCS) o r auto logous serum in  15 ml Falcon c o n ic a l tubes 

(Becton and D ick inson , G renoble, F rance). The c e l l  m ix tu re  

mas c e n tr ifu g e d  a t 20 x g fo r  5 m in, incubated fo r  40 min on 

ic e ,  then g e n tly  resuspended by a x ia l r o ta t io n .

The suspension (1 v o l)  mas laye red  over F i c o l l /  Hypaque (2 

v o l)  in  15 ml Falcon c o n ic a l tubes and c e n tr ifu g e d  a t B5B x g 

fo r  15 m in. The E- f r a c t io n  mas recovered from the  in te r fa c e  

and mashed tm ice . The SRBC ro s e tte s  mere tre a te d  m ith  1 ml o f 

s t e r i le  d i s t i l l e d  mater to  ly s e  red c e l ls  fo r  5-10 sec, then 

ra p id ly  d i lu te d  m ith  10 v o l o f  CM. The recovered E+ c e l ls  

mere then mashed tm ice in  CM. The E+ p o p u la tio n s  con ta ined  

g re a te r than 90% CD3 c e l ls  from normal a d u lt ,  normal c h i ld  and 

JDM donors. E- p o p u la tio n s  v a r ie d  betmeen UZ and 60% su rface  

Ig  p o s it iv e  c e l ls  fo r  both normal a d u lts  and normal c h ild re n  

and kk  -  71% su rface  Ig  p o s it iv e  c e l ls  fo r  JDM p a t ie n ts .

A .5 .A P la s t ic  Adherence

Is o la te d  PBMC E+ and E- f ra c t io n s  (2 x 10^/m l) mere incubated 

in  50mm p la s t ic  p e t r i  d ishes (IMunc, Gibco B io c u lt ,  P a is le y ) in  

10ml CM c o n ta in in g  10% heat in a c t iv a te d  (H I) fo e ta l c a l f  serum 

(CM-FCS) fo r  30 min a t 37°C. The non-adherent c e l ls  mere
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recovered by g e n tly  a s p ira t in g  the  d ish  w ith  CM. 

Contam ination o f  p e r ip h e ra l b lood lym phocytes (PBL) w ith  

monocytes was determ ined by exam ining E+ and E- p o p u la tio n s  

fo r  the  presence o f  n o n -s p e c if ic  este rase  s ta in in g  c e l ls  (Yam 

e t a l ,  1971). A s in g le  c y c le  o f  d e p le t io n  u s u a lly  reduced 

monocyte con tam ina tion  to  1 -  2% o f  non-adherent c e l ls .  C e ll 

p re p a ra tio n s  w ith  h ig h e r monocyte co n c e n tra tio n s  were g iven a 

second c y c le  o f  p la s t ic  adherence.

A .5 .5  M itom ycin C and Cyclohexim ide Treatment
7

C e lls  ( 1 x 1 0  /m l)  mere added to  m itom ycin C (50 ^ jg /m l; Sigma) 

o r cyc lohexim ide  (1 / jg /m l;  Sigma) in  1 ml CM in  15 ml Falcon 

tubes . C e lls  were incubated a t 37°C fo r  A5 min and then 

washed 3 tim e s .

A .5 .6  Complement Dependent L ys is

The a p p ro p ria te  c o n c e n tra tio n  o f  MAb was determ ined in  i n i t i a l  

t i t r a t i o n  experim ents. 0KT3, 0KB7 and Leu 11b were used a t

B .lp g , 0.2pg and B .Ip g /IO ^  c e l ls  re s p e c t iv e ly .  2 -  5 x 10^ 

lymphocytes were incubated w ith  0 .5  ml o f  the  a p p ro p ria te  MAb 

o r com bination  o f  MAb's, d i lu te d  in  CM, fo r  30 min a t A°C. 

C e lls  were then washed once and 1 ml o f  ra b b it  complement 

(PEL-Freeze, London), d i lu te d  1 /5  in  CM supplemented w ith  1% 

FCS added to  the  c e l ls .  The c e l ls  were then incubated fo r  A5 

min a t 37°C, washed tw ic e  and resuspended in  CM. V/iable c e l ls  

were then ob ta ined  by c e n t r ifu g a t io n  over Lymphoprep, washed 

tw ice  and an a l iq u o t  re ta in e d  fo r  phenotyp ic  a n a ly s is .  Two 

cyc le s  o f  ly s is  were u s u a lly  employed fo r  d e p le t io n .
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A. 5.7 Panning

This method uas used to  is o la te  CD3+ and CD16+ c e l ls .  E+ and 

E- lymphocyte subpopu la tions uere prepared by 2 cyc le s  o f  SRBC 

re s e t t in g .  0 .5  ml o f  DKT3 (B.2pg/1B^ c e l ls )  and 0 .5  ml o f 

Leu 11b (1/jg/1B^ c e l ls )  uere added to  5 x 10^ E+ ( fo r  CD3+)

and E- c e l ls  ( fo r  CD16+) re s p e c t iv e ly ,  fo r  30 min a t A°C. E- 

c e l ls  uere then uashed tu ic e  and added to  SB x 15 mm P e tr i 

d ishes (Fa lcon) coated 0/IM a t A°C u i th  2 ml goat anti-m ouse 

IgM (1 mg/ml; Birmingham U n iv e rs ity  Research I n s t i t u t e ) .  E+ 

c e l ls  uere uashed and added to  p la s t ic  P e tr i d ishes coated 

u i th  2 ml goat anti-m ouse Ig  (1 mg/ml; DAKU, Denmark). C e lls  

uere l e f t  to  adhere fo r  A5 min a t A°C. Non-adherent c e l ls  

uere removed by a s p ira t io n  and uash ing . Adherent c e l ls  uere 

ob ta ined  by c a re fu l d is lo d g in g  u i th  a 2 ml rubber t ip p e d  

sy rin g e  b a r re l.  C e lls  uere uashed tu ic e  and an a l iq u o t  

re ta in e d  fo r  phenotyp ing.

A. 6 In  l / i t r o  Assays o f  Lymphocyte F unction

A .6.1 P r o l i f e r a t iv e  Responses to  M itogens

P r o l i f e r a t iv e  responses o f  normal c o n tro l and p a t ie n t  c e l ls  to  

v a ry in g  c o n ce n tra tio n s  o f each m itogen te s te d  uere ob ta ined  in  

p re lim in a ry  experim ents. Dose-response curves in d ic a te d  

o p tim a l and sub -op tim a l co n c e n tra tio n s  fo r  each m itogen. 

These experim ents a lso  shoued th a t  maximal p r o l i f e r a t io n  

occurred a t the  same tim e (A0 -  72h) f o r  both c o n tro l and 

p a t ie n t c e l ls .  D p tim a l and su b -o p tim a l co n c e n tra tio n s  o f 

phytohaem agg lu tin in  (PHA) and concanava lin  A (ConA) (Sigma 

Chemical Co, USA), pokeueed m itogen (PUM) (Gibco B io c u lt ,  UK) 

and 0KT3 (B rth o d ia g n o s tic s  L td ) uere added to  t r i p l i c a t e  

c u ltu re s  o f  p a t ie n t and c o n tro l PBM in  m ic r o t i t r e  p la te s .
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C e lls  uere c u ltu re d  in  CM supplemented u i th  10% heat

in a c t iv a te d  (H I) FCS (CM -  FCS) ( 'M yo c lon e1 -  Gibco B io c u l t ) .

The batch o f  FCS used had p re v io u s ly  been screened and uas not
5

m itogen ic  fo r  human c e l ls .  Each u e l l  con ta ined  2 x 10 PBMC 

in  a volume o f  1 BCj/ul u i th  the  a p p ro p ria te  co n c e n tra tio n s  o f 

m itogens added in  a fu r th e r  10Dul o f  c u ltu re  medium. 

P r o l i f e r a t io n  uas measured by the  uptake o f  (m ethy l -  ^H) 

thym id ine  (^H -  T, 37 K B q /u e ll Amersham In te rn a t io n a l)  added 

in  5Bul to  c u ltu re s  fo r  the  f in a l  16h in c u b a tio n . C e lls  uere 

harvested on a c e l l  h a rv e s te r ( I la c o n  L td , UK) and 

in co rp o ra te d  ^H -  T measured on a l iq u id  s c in t i l l a t i o n  coun te r 

(LKB, England). A l l  p r o l i f e r a t io n  assays uere se t up in  f l a t -  

bottomed 96 u e l l  m ic r o t i t r e  p la te s  (Nunc, G ibco, UK).

A.6.2 Mixed Lymphocyte Reaction
5

M itom ycin C tre a te d  E- c e l ls  (G.5 x 10 ) uere added to  1 .5  x
5

10 a llo g e n e ic  E+ c e l ls  in  a t o t a l  volume o f  200ul in  

m ic r o t i t r e  p la te s  and c u ltu re d  in  t r i p l i c a t e  in  CM 

supplemented u i th  10% HI normal human serum. C e lls  uere 

c u ltu re d  fo r  5 days and ^H -  T added to  each u e l l  fo r  the 

f in a l  16h in c u b a tio n  p e r io d . C e lls  uere harvested  and ^H -  T 

uptake measured.

A.6.3 Autologous Mixed Lymphocyte Reaction (AMLR)
5

M itom ycin -  C tre a te d  E- c e l ls  (B .5  x 10 ) uere added to
5

auto logous E+ c e l ls  (1 .5  x 1B ) in  m ic r o t i t r e  p la te s ,  in  

t r i p l i c a t e ,  in  a t o ta l  volume o f 2BBul CM supplemented u i th  

1B% HI human serum. In  o th e r experim ents, 1 x 10^ m itom ycin C 

tre a te d  E- c e l ls  uere c u ltu re d  u i th  3 x 10^ auto logous E+ 

c e l ls  in  M u lt id is h  2k -  u e l l  c lu s te r  p la te s  (C o s ta r, USA), in
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d u p lic a te ,  in  a t o t a l  volume o f  2ml CM supplemented u i th  10% 

human serum. E+ c e l ls  uere a lso  c u ltu re d  a lone . As an 

es tim a te  o f p r o l i f e r a t io n ,  2 a l iq u o ts  o f  100j j 1 each uere 

t ra n s fe r re d  from c lu s te r  p la te  u e l ls  to  m ic r o t i t r e  p la te  c e l ls  

uhen re q u ire d , to  be pulsed fo r  16h u i th  37 K B q /u e ll -  T 

added in  100ul CM. C e ll p r o l i f e r a t io n  in  c u ltu re s  i n i t i a l l y  

e s ta b lis h e d  in  96 u e l l  p la te s  uas measured by a d d it io n  o f  37 

KBq ^ H -T /u e ll in  5Bul CM. C e lls  uere then harvested  and ^H-T 

in c o rp o ra tio n  measured. In  o th e r experim ents , a f te r  3 and 5 

days c u ltu re ,  m ic r o t i t r e  p la te s  uere c e n tr ifu g e d  (150 x g) and 

IBBjjI  supernatant harvested  and s to re d  a t -70"C fo r  IL -2  

p ro d u c tio n  measurement.

k .G .k  G eneration o f  Suppressor C e lls  in  th e  AMLR

M itom ycin C tre a te d  E- c e l ls  (1 x 10^) uere added to  

auto logous E+ c e l ls  (3 x 1B6) in  2k u e l l  c lu s te r  p la te s ,  in  

d u p lic a te ,  and c u ltu re d  fo r  7 days as L .6 .3  above. V ia b le  T 

c e l ls  uere then harvested by SRBC ro s e t t in g ,  be fo re  use in  

suppressor c e l l  assays.

A .6 .5  Suppression o f  IgM P roduc tion  by T C e lls  Generated in  th e  AMLR

F ra c tio n a te d  E- c e l ls  (0 .5  -  1 x 10^) uere incubated u i th  1ml

o f  a 1:10 d i lu t io n  o f  supernatant from  E p s te in -B a rr v iru s

(EBV) s e c re tin g  B95-B c e l l  l in e ,  f o r  1h a t 37°C. C e lls  uere

then uashed and resuspended in  CM -  FCS and c u ltu re d  fo r  7
L

days. In c re a s in g  co n c e n tra tio n s  o f  T c e l ls  (5 x 1B -  3 x

5 k1B ) uere added to  5 x 10 au to logous , EBV tre a te d  E- c e l ls  in

2BD u l  CM- FCS f in a l  volume in  m ic r o t i t r e  p la te s .  T c e l ls

uere de rive d  from  c o n tro l E+ c e l ls  c u ltu re d  a lone , and AMLR

c u ltu re s .  Supernatants from EBV-treated B c e l ls  c u ltu re d
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alone and from  c o c u ltu re s  o f  EBU-treated B and T c e l ls  were 

harvested a f te r  7 days and IgM p ro d u c tio n  measured. A l l  

c u ltu re s  were perform ed in  t r i p l i c a t e .

P re lim in a ry  experim ents us ing  c e l ls  from  normal a d u lts  showed 

th a t :

(a) o p tim a l suppression was achieved w ith  a T:B c e l l  r a t io  

o f  3 :1 ;

(b ) trea tm en t o f  T c e l ls  w ith  m itom ycin C decreased le v e ls  

o f  suppression o f  IgM p ro d u c tio n  ob ta ined  by 42 -  60%;

(c ) adding fre s h  medium a f te r  4 days c o c u ltu re  o f  B and T 

c e l ls  d id  not s ig n i f ic a n t ly  a f fe c t  the  le v e ls  o f  

suppression ach ieved .

4 .6 .6  IL -2  Assay

In  experim ents where IL -2  p ro d u c tio n  was to  be measured 

superna tan ts  were te s te d  fo r  t h e i r  a b i l i t y  to  re s tim u la te  

m itogen a c t iv a te d  PBMC. PBMC (2 x 106/m l)  were incubated in  

CM-FCS supplemented w ith  PHA (1 / jg /m l)  fo r  5 days. B la s ts  

from these c u ltu re s  were is o la te d  over FCS g ra d ie n ts  (1 x g)
5

fo r  1h, washed 5 tim es and added (1 x 10 /w e l l )  to  m ic r o t i t r e  

p la te  w e lls ,  in  t r i p l i c a t e  in  10Dpjl CM supplemented w ith  1% 

FCS (CM -  1%). S e r ia l d i lu t io n s  o f  supe rna tan ts  (1 /2  -  1/16

in  CM -  1%) were added in  10Bul a l iq u o ts  to  w e lls  and 

in c u b a tio n  con tinued  fo r  40h. -  T (37 K B q )/w e ll)  was added

fo r  the  f in a l  16h o f c u l tu r e .  C e lls  were then harvested  and 

p r o l i f e r a t io n  measured. Lymphoblasts were a lso  s tim u la te d  

w ith  s e r ia l  d i lu t io n s  o f  recom binant human IL -2  and t h is  was 

used to  c o n s tru c t a standard cu rve . IL -2  co n c e n tra tio n s  were 

ob ta ined  by in te rp o la t io n  on the  standard  curve by re g re ss io n
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a n a ly s is .

A. 6 .7  A n tigen  S p e c if ic  P r o l i fe r a t io n

10Dul PBMC (2 x lO ^ /m l) uere added to  m ic r o t i t r e  p la te  u e l ls ,  

in  t r i p l i c a t e ,  in  CM supplemented u i th  10% normal a d u lt  serum. 

C e lls  uere c u ltu re d  u i th  o r u ith o u t  p u r i f ie d  p ro te in  

d e r iv a t iv e  (PPD) (5 0 p l) a t the  re q u ire d  c o n c e n tra tio n s . PPD 

uas ob ta ined  from the U e te rin a ry  Research I n s t i t u t e ,  

tdeybridge. The e f fe c t  on the  a n tig en  s p e c if ic  p r o l i f e r a t iv e  

response o f  c u ltu r in g  c e l ls  in  p u r i f ie d  IgG from  p a t ie n t  and 

c o n tro l sera uas assessed by adding p u r i f ie d  IgG (50 ^ul) to  

u e l ls  to  g ive  a f in a l  c o n c e n tra tio n  o f  1mg/ml. C e lls  uere

c u ltu re d  fo r  7d and -  T (37 K B q /u e ll)  uas added d u rin g  the 

f in a l  16h o f  c u ltu re .  C e lls  uere then harvested  and -  T

in c o rp o ra tio n  measured.

A .7 C y to to x ic i ty  Assays

A. 7.1 Targe t C e ll L a b e llin g

5110Bpl sodium ( Cr) chromate (3 .7  MBq; Radiochem ical C entre ,

Amersham) uas added to  a c e l l  suspension o f  1 -  3 x 10^ ta rg e t

c e l ls  in  IOO^jI  CM. A f te r  in c u b a tio n  a t 37°C fo r  1h, c e l ls
A

uere uashed th re e  tim es and resuspended a t 5 x 10 /m l in  CM.

A.7 .2  C y to to x ic  Assay

1DBpl o f  e f fe c to r  c e l ls ,  a t a p p ro p ria te  d i lu t io n s  in  CM, in

51t r i p l i c a t e ,  uere added to  100jj1 o f Cr la b e lle d  ta rg e t  c e l ls  

in  CM supplemented u i th  20% serum. Spontaneous re lea se  uas 

measured by in cu b a tin g  ta rg e t  c e l ls  in  medium alone and 

maximal re lease  by in c u b a tin g  ta rg e t  c e l ls  in  6% sodium 

dodecyl s u lp h a te . The le n g th  o f  in c u b a tio n  fo r  assays 

measuring c y to to x ic i t y  a g a in s t K-562 and RD c e l ls  uas Ah,
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w h ile  c y to to x ic i t y  aga ins t lym phob las to id  c e l l  l in e s  uas 

measured in  an 8h assay. 1DDul o f  superna tan t from each u e l l  

uas tra n s fe r re d  to  in d iv id u a l LP3 tubes (Luckham, Sussex) fo r  

coun ting  on a o -  coun ter (LKB, England). The percentage

c y to to x ic i t y  uas c a lc u la te d  accord ing  to  the  fo rm ula  -

% s p e c if ic  ly s is  =

51Mean Cr re lea se  in  te s t  u e l ls  -  mean spontaneous re lease

Mean maximal re lease  -  mean spontaneous re lease

51The standard d e v ia t io n  o f the  mean o f  t r i p l i c a t e  Cr re lease  

va lues never exceeded 10%.

For c a lc u la t io n  o f c y to to x ic i t y  by c lones d e rive d  in  l im i t in g  

d i lu t io n  experim ents a c y to to x ic i t y  index uas c a lc u la te d  based 

on the  fo llo w in g  form ula  -

C y to to x ic ity  index =

-  In  (1 -  % s p e c if ic  ly s is )  x 100 
1DD

The c y to to x ic i t y  index uas p re fe rre d  to  % s p e c i f ic  ly s is  as 

on ly  the  form er has been shown to  be l in e a r ly  p ro p o r t io n a l to  

c lone s iz e  (Rozans e t a l ,  1906).

C a lc u la t io n  o f  L y t ic  U n its  (LU)

Graphs were p la t te d  o f % s p e c if ic  ly s is  a g a in s t e f fe c to r :  

ta rg e t  c e l l  r a t io .  A va lue o f % s p e c if ic  ly s is ,  ly in g  on the 

l in e a r  p o r t io n  o f  the curves (15 -  30% ly s is )  uas then chosen. 

E f fe c to r  : ta rg e t  r a t io s  were then read fo r  each curve a t the
7

chosen % s p e c if ic  ly s is  va lue and l y t i c  u n its /1 0  c e l ls  

c a lc u la te d  accord ing  to  the  fo rm ula  -
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7 3LU/10 c e l ls  = E:T r a t io  x ta rg e t c e l l  number (5 x 10 )

*+.7.3 L e c tin  Induced C e llu la r  C y to to x ic ity  (LICC)

PHA (2 ^ jg /m l) uas added to  c e l ls  a t v a rio u s  E:T r a t io s  and 

c y to to x ic i t y  a ga ins t RD ta rg e ts  measured a f te r  *+h c u ltu re .

*+.7.*+ a In te r fe ro n  Induced C e llu la r  C y to to x ic i ty

Donor PBL (5 x 10^/m l) uere incubated u i th  a IFN (1000 U/m l) 

(Wellcome, Beckenham, Kent) fo r  *+h. C e lls  uere uashed 3 tim es 

and c y to to x ic i t y  aga ins t K-562 and RD c e l ls  measured a f te r  *+h 

c u ltu re .

*».B Continuous C e ll L ines 

*+.0.1 K-562

K-562 c e l ls  grou in  suspension and uere de rive d  from  a p a t ie n t 

u i th  ch ron ic  m yeloid leukaemia in  te rm in a l b la s t  c r is is  

(Lozz io  and Lozz io , 1976). K-562 c e l ls  do not express HLA

a n tig e n s .

*+.0.2 RD

RD c e l ls  grou as an adherent monolayer and uere d e rive d  from  a

human embryonal rhabdomyosarcoma (M c A ll is te r  e t a l ,  1969). RD

c e l ls  express c la ss  I  but not c la ss  I I  MHC an tig ens  (F ig  *+.1).

T ry p s in is a t io n  d id  not a f fe c t  the  exp ress ion  o f  c la s s  I

2
a n tig e n s . RD c e l ls  uere groun in  25 cm t is s u e  c u ltu re  f la s k s  

(Nunc) u n t i l  c o n flu e n t and then su b cu ltu re d  fo l lo u in g  

h a rv e s tin g  using a m ix tu re  o f  D.B25% t ry p s in  (F lou  

L a b o ra to rie s ) and 0 .5  mM disodium  e thy le ne  diam ine t e t r a -  

a c e t ic  ac id  (EDTA) in  PBS.
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k . B . 3  B95-8

B95-8 is  an E p s te in -B a rr (EBV) v iru s  s e c re tin g  marmoset

lym phob las to id  c e l l  l in e  ob ta ined from Dr P Lydyard (M iddlesex

2
H o s p ita l) .  B95-8 c e l ls  uere c u ltu re d , in  25 cm t is s u e  

c u ltu re  f la s k s ,  a t a c o n ce n tra tio n  o f  1 x IB ^/m l. C e ll super

na tan ts  uere ob ta ined  by c e n tr ifu g a t io n  and s to re d  a t -7C°C.

k .B .k  Lym phoblastaid B C e ll L ines

PBL (2 x IB^/m l) were incubated fo r  1h in  1ml o f EBU 

c o n ta in in g  supernatant in  15ml Falcon tubes . 5ml o f  CM-FCS, 

c o n ta in in g  ^ug/m l c y c lo s p o rin  A (k in d ly  donated by Dr D 

C raw ford, U n iv e rs ity  College H o s p ita l)  was added to  each 

c u ltu re  and c e l ls  were c e n tr ifu g e d  a t kUU x g fo r  5 m in. 

C e lls  were c u ltu re d  fo r  1 week be fo re  washing and resuspension 

in  2k w e ll c lu s te r  p la te s  a t a c o n c e n tra tio n  o f  1 x lO^/m l. 

A l l  con tinuous c e l l  l in e s  were c u ltu re d  in  CM-FCS.
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(A)

F ig  *».1. I n d i r e c t  im m unofluorescence s t a in in g  o f  RD c e l l s  in
suspens ion  u i t h  (A) a n t i - c l a s s  I  MAb (B) c o n ju g a te  a lo n e .

(B)
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*+.9 G eneration o f E ffe c to r  C e lls  in  IL -2  C o n ta in ing  Medium

*+.9.1 B u lk  C u ltu res

PBL and lymphocyte subpopu la tions uere c u ltu re d  (2 x 106/m l)  

in  2*+ u e l l  c lu s te r  p la te s  in  CM- FCS and IL -2  (50 U /m l).

C e lls  uere c u ltu re d  in  2ml volumes and h a l f  the  medium in  each 

u e l l  uas rep len ished  u i th  fre s h  medium, in c lu d in g  IL -2 ,  tu ic e  

a ueek. C ells, uere ha rvested , uashed and c u ltu re d  O/N in  

medium u ith o u t IL -2  be fo re  ana lys ing  phenotypes o r measuring 

c y to to x ic i t y  o r p r o l i f e r a t io n .

*+.9.2 C ocu ltu re  Experiments

The a b i l i t y  o f  normal and p a t ie n t E- and CD16+ c e l ls  c u ltu re d

in  IL -2 , to  induce c y to to x ic  a c t iv i t y  in  f re s h , norm al,

a llo g e n e ic  T c e l ls  uas assessed by c o c u lt iv a t io n  experim ents .

Donor PBL (2 x 106/m l)  uere c u ltu re d  in  2*+ u e l l  c lu s te r  p la te s

fo r  6 days in  CM -FCS p lus  IL -2  (50 U /m l). C e lls  uere then

uashed, c u ltu re d  0/N in  medium u ith o u t IL -2 ,  ha rves ted , then

fra c t io n a te d  by SRBC ro s e t t in g ,  and E- c e l ls ,  designa ted

" a c t iv a te d " ,  re ta in e d . In c re a s in g  c o n ce n tra tio n s  o f  a c t iv a te d

E- c e l ls  uere then added to  fre s h , norm al, a llo g e n e ic  E+ c e l ls  
L

(B x 10 ) in  200^j1 CM -FCS in  round-bottom ed 96 u e l l  c u ltu re

p la te s  (Nunc), in  t r i p l i c a t e .  In  some experim ents:

(a) PBL uere c u ltu re d  fo r  7 days in  medium u ith o u t IL -2  and 

then f ra c t io n a te d  to  g ive  E- c e l ls  uh ich  uere co c u ltu re d  

u i th  fre s h  E+ c e l ls ;

(b ) a c t iv a te d  E- c e l ls  uere dep le ted o f  CD16+ lym phocytes 

be fore  c o c u ltu r in g  u i th  fre sh  E+ c e l ls ;

(c ) CD3+ c e l ls  uere p u r i f ie d  from fre sh  E+ c e l ls  and mixed 

u i th  a c t iv a te d  E- c e l ls .
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A l l  c e l l  com binations were co c u ltu re d  0 / l \ l ,  1 0 0 j j1  o f super

na tan t then a s p ira te d  from each w e ll and c e l ls  ( in  rem ain ing

51100 u l  o f  medium) harvested and added to  Cr la b e lle d  RD

c e l ls  (5 x 1Cp) in  10C)ql CM-FCS in  round-bottom ed 96 u e l l

L inb ro  p la te s  (F lou  L a b o ra to r ie s ). A f te r  Ah in c u b a tio n ,

p la te s  uere c e n tr ifu g e d  a t 150 x g fo r  5 min and 100pl

51superna tan t removed from  each u e l l  fo r  e s tim a tio n  o f  Cr 

re le a s e .

A .9 .3  L im it in g  D i lu t io n  A n a ly s is  (LDA) o f  Lymphokine A c tiv a te d  K i l l e r  
(LAK) C e lls

3 AL im it in g  d i lu t io n s  o f  normal (200-3.2x10 ) and JDM (800-2x10 )

PBL uere c u ltu re d  in  CM-FCS, supplemented u i th  IL -2  (50 U /m l),

in  f la t-b o tto m e d  96 u e l l  m ic r o t i t r e  t ra y s .  Feeder c e l ls ,
5

uh ich  uere poo led , a llo g e n e ic , normal PBMC (1x10 ) uere 

ir r a d ia te d  (A000 Rads) and added to  c e l ls  c u ltu re d  a t l im i t in g  

d i lu t io n s  o r c u ltu re d  a lone . T u e n ty -fo u r u e l ls  uere used fo r  

each l im i t in g  d i lu t io n  and fo r  feeder c e l ls  a lone . C e lls  uere 

c u ltu re d  in  a f in a l  volume o f 200ul and medium uas changed by 

re p la c in g  h a l f  the  volume o f each u e l l  by fre s h  medium, 

c o n ta in in g  IL -2 ,  a t days A and 7 o f c u ltu re .  On day 9, 15CJul 

o f  medium uas a s p ira te d  from each u e l l  and rep laced  by an 

e q u iv a le n t volume o f CM-FCS. On day 10, c e l ls  uere harvested 

from each u e l l  and 2 a l iq u o ts  o f 100pl each added to  5x10^ 

51Cr la b e lle d  RD o r K-562 c e l ls  in  CM-FCS (100p l) in  96 u e l l  

round-bottom ed L inb ro  p la te s .  A f te r  Ah in c u b a tio n  p la te s  uere 

c e n tr ifu g e d  and 100)j1 supernatant uas removed from each u e l l  

and counted. A computer program (Dr P B everley , ICRF, 

M iddlesex H o s p ita l)  based on the  methods o f  T a ssu e ll (1981) 

uas used to  es tim a te  p re cu rso r fre q u e n c ie s . Th is  program a lso
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determ ined the  95% confidence l im i t s  f o r  each frequency 

e s tim a te , and f i t t e d  the experim enta l va lues to  the  zero o rde r 

Poisson equation  by the ch i-square  m in im is a tio n  method. The 

p r o b a b il i t y  o f the f itn e s s  o f expe rim en ta l va lues to  a 

s t ra ig h t  l in e  equation (p) mas determ ined by the  ch i-squ a re  

method. Tests in  mhich the p r o b a b il i t y  mas g re a te r  than 0.05 

mere re je c te d .

I n i t i a l  experim ents, using c e l ls  from normal a d u lts ,  shomed 
5

(a) th a t  1 x 10 feeder c e l ls /m e l l mere o p tim a l (b ) c y to to x ic  

a c t iv i t y  mas maximal a f te r  c u ltu re  fo r  10 days (c ) feeder 

c e l ls  c o n s is tin g  o f 50% autologous EBU transfo rm ed c e l ls  and 

50% pooled a llo g e n e ic  PBM d id  not g ive  s ig n i f ic a n t ly  d i f f e r e n t  

re s u lts  from PBM a lone .

4.10 R jrified IgG Preparations

4.10.1 Preparation

3ml o f Sepharose 4B -  P ro te in  A (Pharmacia, Smeden) mas added 

to  a K9 column (10 x 1 cm; Pharmacia) and e q u il ib ra te d  in  20ml 

PBS. 1ml o f  human serum mas added to  the  top  o f  the  g e l and 

allom ed to  e q u il ib ra te  m ith  the  g e l fo r  1h a t 4°C. The 

e f f lu e n t  mas removed m ith  PBS a t a flom  ra te  o f  40 m l/h . 

A c e tic  ac id  (0.5M, pH 4 .0 ) mas then added to  the  column and 

the  e lu a te  obta ined by descending chromatography a t a flom  

ra te  o f  40 m l/h . The e lua te  mas d ia ly s e d  a g a in s t 3 changes o f  

PBS a t 4°C. The co n ce n tra tio n  o f  the  e lu a te  mas ob ta ined  by 

absorbance a t 200 nm in  a double-beam spectropho tom eter 

(P e rk in -E lm e r, S u rrey ). The p u r i t y  o f  the  IgG p re p a ra tio n  mas 

determ ined by im m unodiffusion in  1% agar us ing  p o ly c lo n a l 

a n t is e ra  aga ins t normal human serum and normal human IgG
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(D ako).

*♦.10.2 Addition of R jr if ie d  IgG to AMLR Assays

C e lls  uere c u ltu re d  in  10% normal human serum to  uh ich  the 

a p p ro p ria te  volume o f p u r if ie d  IgG uas added to  g ive  the 

re q u ire d  f in a l  c o n ce n tra tio n . LJhen c e l ls  uere c u ltu re d  in  the 

non-IgG c o n ta in in g  serum f ra c t io n ,  the  volume o f  t h is  f r a c t io n  

uas ad jus ted  to  g ive a f in a l  c o n c e n tra tio n  o f  10% o f the  

o r ig in a l  serum.

*♦.11 In  V itro  IgM Production

*♦.11.1 PUJM Stimulation of PBMC

I n i t i a l  experim ents shoued (a) th a t  a 1/100 d i lu t io n  o f  PUJM 

mitogen induced op tim a l le v e ls  o f  IgM p ro d u c tio n  in  both

normal and p a t ie n t c e l l  c u ltu re s  (b ) spontaneous and PLdM 

induced IgM production by normal and p a t ie n t  c e l ls  uere
5

maximal a f te r  c u ltu re  fo r  0 days. PBMC (2 x 10 / u e l l )  uere

added to  f la t-b o tto m e d  96 u e l l  m ic r o t i t r e  p la te s  in  CM-FCS and

c u ltu re d  in  t r i p l i c a t e ,  e ith e r  alone o r u i th  PUJM in  a t o t a l  

volume o f 200jj1 fo r  0 days. P la tes  uere then c e n tr ifu g e d  

(150 x g) and supernatants (100jj1) removed from  each u e l l  and 

s to re d  a t -20°C , before de te rm ina tio n  o f  IgM c o n c e n tra tio n .

*♦.11.2 Autologous and Allogeneic Combinations
5

E+ c e l ls  (1 x 10 ) uere added to  auto logous o r a llo g e n e ic  E- 

c e l ls  (1 x 10^) in  CM-FCS in  a f in a l  volume o f  200^1 u i th  o r 

u ith o u t  the  a d d it io n  o f PUJM (1/100 d i lu t io n ) .  Supernatants 

uere harvested a f te r  c u ltu re  fo r  0 days f o r  e s tim a tio n  o f  IgM 

p ro d u c tio n .
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*+.11.3 E ffect of IL -2  and MLR Supernatant on Spontaneous and PWM 
Induced IgM Production

Equal numbers (5 x 10^) o f  PBMC from  3 o r *+ HLA mismatched

2
normal donors mere cocu ltu red  in  CM-FCS in  25 cm t is s u e  

c u ltu re  f la s k s ,  fo r  5 days, and superna tan ts  pooled and s to re d  

a t -7C°C. MLR supernatants and IL -2  were added to  PBM u i th  o r 

u ith o u t  an o p tim a l conce n tra tio n  o f  PliJM. Supernatants uere 

harvested a f te r  c u ltu re  fo r  B days and IgM p ro d u c tio n

measured.

*+.11.*+ IgM ELISA Assay

100/jl o f  a f f i n i t y  p u r if ie d  goat anti-hum an IgM (1 p g /m l; 

Sigma) uas added to  each u e l l  o f  ELISA p la te s  (Immuno P la te  I ,  

Nunc) and incubated fo r  1h a t room tem pera ture  (RT). The 

p la te s  uere uashed u i th  D.1M carbonate b u f fe r ,  pH B.*+, and 

10Ogl o f  *+% normal goat serum (NGS) in  carbonate b u f fe r  added 

to  each u e l l  fo r  1h a t RT. The p la te s  uere uashed 3 tim es 

u i th  0.1% Tueen 20 in  PBS (PBS/T) and 100pl o f  s e r ia l  

d i lu t io n s  o f  te s t  supernatants (1 /2  -  1 /16  in  NGS/PBS-T) uere 

added to  each u e l l .  D ilu t io n s  o f  a s tandard  serum (Dako,

H o lland ) uere added to  the u e l ls  in  o rd e r to  c o n s tru c t a 

standard cu rve . P la tes uere incubated fo r  1^h a t RT. P la tes  

uere then uashed 3 tim es u i th  NGS-PBS/T and 1DBpl a lk a lin e  

phosphatase conjugated anti-human IgM (1/1D0D d i lu t io n  in  

NGS/PBS-T; Sigma) added to  each u e l l  f o r  1h a t RT. The p la te s

uere then uashed 3 tim es u ith  PBS-T and once u i th  carbonate

b u ffe r  and then 100 u l o f  phosphatase s u b s tra te  (1 mg/ml; 

Sigma) d i lu te d  in  carbonate b u f fe r  supplemented u i th  D.01M 

magnesium c h lo r id e , pH 9 .2 , uas added to  each u e l l  and p la te s  

uere incubated a t 378C fo r  1 5 - 3 0  m in. The re a c t io n  uas
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stopped by a d d it io n  o f lOCjpl o f  3N IMaDH to  each u e l l  and the  

re a c t io n  read a t 405 nm on an automated ELISA reader 

(D ynatech). IgM concen tra tions  were ob ta ined  by in te rp o la t io n  

on the  standard curve by reg ress ion  a n a ly s is .

4.12 Absorption of JDM Sera

A bsorp tion  assays were conducted to  c h a ra c te r is e  the  

in h ib i t o r y  fa c to r  present in  JDM se ra . Serum, d i lu te d  1 /3  in  

PBS, uas added to  1 x 10^ EBU transfo rm ed  B lym phob las to id  

c e l ls  o r 1 x 10^ K-562 c e l ls ,  in  LP3 tubes . Serum samples 

uere absorbed fo r  1h on a rocke r a t  4°C. Supernatants uere 

ob ta ined by c e n tr ifu g a t io n  o f LP3 tubes a t 600 x g. 

Supernatants uere then absorbed aga in and s to re d  a t -7B°C.

4.13 Analysis of JDM Sera for tho Presence of Anti-DR Antibodies by 
an In h ib itio n  Assay

7
PBMC (1 x 10 ) from severa l normal donors uere c u ltu re d  in  CM-

2
FCS supplemented u ith  1 p g /m l  PHA in  25 cm t is s u e  c u ltu re  

f la s k s .  Fresh medium, co n ta in in g  IL -2  (5B U/m l) uas added to  

f la s k s  a f te r  6 and 10d c u ltu re .  C e lls  uere harvested  over FCS 

a f te r  14 days. These c e l l  p o p u la tio n s  uere g re a te r than 90% 

CD3+ and from 45-65% o f  T c e l ls  coexpressed DR a n tig e n s .
5

Lymphoblasts (2 x 10 ) uere incubated u i th  2B[Jj1 o f human 

serum, d i lu te d  1/10 in  PBS/BSA c o n ta in in g  B.1% BSA and 0.05% 

sodium azide fo r  30 min a t 4°C, uashed 3 tim es in  PBS/BSA and 

then incubated u i th  50pl o f  e i th e r  DA2 (n e a t) o r RFDR2 (n e a t)

MAb's, fo r  3B min a t 4°C. C e lls  uere then uashed and

incubated in  F(ab)£ ra b b it  anti-m ouse IgG (DAKB), d i lu te d  1/10

in  PBS/BSA, fo r  30 min a t 4°C. C e lls  uere uashed and

resuspended in  0.1% formaldehyde in  PBS c o n ta in in g  1% FCS.
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C e lls  cou ld  then be s to red  fo r  up to  7 days a t 4°C be fo re  

a n a ly s is  by f lo w  cy tom e try .

4.14 S ta t is t ic a l Analysis

The m a jo r ity  o f  data presented in  t h is  th e s is  uere not

no rm a lly  d is t r ib u te d .  T he re fo re , data uas analysed by non-

pa ram e tric  s t a t i s t i c a l  te s ts .  Standard computer s o ftu a re

(programs inc luded  S ta tuo rks  and S ta tv ie u  512) uas used. The 

advice  o f  B ria n  Neuman, U n iv e rs ity  C o llege London, 

p a r t ic u la r ly  on l im i t in g  d i lu t io n  a n a ly s is ,  is  g r a te fu l ly  

acknouledged.
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CHAPTER 5

5.1 INTRODUCTION TO STUDY OF PATIENTS UITH JDM

This  chap te r in c lud es  the c l in i c a l  d e ta i ls  o f  JDM and a d u lt  PM

p a tie n ts  s tu d ie d . Immunological param eters o f  JDM p a t ie n ts ,  

in c lu d in g  PBL subset phenotypes, HLA h a p lo types , complement 

a l lo ty p e s ,  complement consumption (CH5D) le v e ls ,  serum Ig  and 

immune complex le v e ls  are a lso  p resen ted .

There are many in he ren t d i f f i c u l t i e s  in  s tu d y in g  p a t ie n ts  w ith  

a ra re  disease such as JDM. The d i f f i c u l t i e s  are compounded 

as the  p a t ie n ts  are c h ild re n . The m ajor r e fe r r a l  cen tre  in  

the  South East o f  England is  P ro fessor D ubow itz 's  P a e d ia tr ic  

C l in ic  a t the  Hammersmith H o s p ita l.  A group o f  20 JDM

p a tie n ts  are seen the re  a t re g u la r  in te r v a ls .  Blood taken 

from p a t i e n t s  uas d e s p a tc h e d  to  UCH/Middlesex h o s p ita ls  uhere 

the  s tu d ie s  repo rte d  here uere c a r r ie d  o u t. Most o f  the

p a t ie n ts  had a lrea dy  presented u i th  symptoms be fo re  the  study 

began and uere being tre a te d  u i th  c o r t ic o s te ro id s  and o th e r 

drugs. S equen tia l s tu d ie s  uere perform ed on some p a t ie n ts ,  

but many a ttended c l in ic s  a t ir r e g u la r  in te r v a ls  and

th e re fo re , no t a l l  assays cou ld  be perform ed on the  same

group. The drug trea tm en t, uh ich p a t ie n ts  uere re c e iv in g  uhen 

blood uas taken fo r  experiments is  g iven  in  the  a p p ro p ria te

ch a p te rs . C l in ic a l  assessment o f  d isease a c t iv i t y  is  g iven

fo r  s e q u e n tia l s tud ie s  o f NK fu n c t io n .  C l in ic a l  d e ta i ls  o f  

p a t ie n ts  are g iven in  Table 5 .1 .
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TABLE 5 .1 . Summary o f  C lin ic a l D e ta ils  o f  JDM P a tie n ts

INITIALS DISEASE FAMILY HISTORY
□F PATIENT AGE/SEX DURATION (YEARS) OF AUTOIMMUNITY

KA 3 F 1 -

AB 5 M 1 -

NO 13 M 1 -

SC k M 1 -

TO 11 F 1 -

GH 10 M 7 JRA

NH 11 F 2 RA

EK 13 M 7 RA

JK 16 F 3 THY

MK 7 M 1 IDDM

PL 6 M 1 Unknown

HM U F 1 THY

LM 16 F 5 THY

PD 10 F I* -

LR 3 M 1 -

SR 9 F 1 -

HU 9 F 2 Unknown

SU 6 M 1

JRA = Ju v e n ile  rheumatoid a r t h r i t i s

THY = Thyro id  disease

IDDM = Insu lin -dependen t d iabe tes  m e ll i tu s

RA = Rheumatoid a r t h r i t i s
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5.2  Control Groups

Id e a l ly ,  c o n tro l groups should have cons is te d  o f :

(a) c h ild re n  u i th  non-in flam m atory muscle d iseases, no t 

re c e iv in g  s te ro id  therapy;

(b ) c h ild re n  u i th  in flam m atory d isease , but u ith o u t  muscle 

invo lvem en t, and re c e iv in g  s te ro id  th e ra p y ;

(c ) norm al, c o n tro l c h ild re n .

E th ic a l,  and lo g is t ic  problems meant th a t  on ly  sera from  

p a t ie n ts  in  group (a) could be re a d i ly  ob ta in e d . H eparin ised  

blood from group (a) p a t ie n ts  cou ld  on ly  be ob ta ined  very  

i r r e g u la r ly  and then not on the  same day as JDM p a t ie n ts .  

Group (a) p a t ie n ts  are th e re fo re  considered on ly  in  terms o f 

s e ro lo g ic a l s tu d ie s . M a te r ia l from  group (b) p a t ie n ts  cou ld  

not be ob ta ined a lthough a ttem pts uere made to  o b ta in  b lood 

from asthm atic  c h ild re n  a t the Brampton H o s p ita l.  Blood from  

norm al, h e a lth y  c h ild re n  cou ld  be o b ta in e d , and uas used a t 

le a s t fo r  i n i t i a l  s tu d ie s  in  each o f the  assay systems te s te d . 

Blood uas ob ta ined from 3 c h ild re n  o f  co lle a g u e s , 5 c h ild re n  

a tte n d in g  p a e d ia tr ic  c l in ic s  u i th  f ra c tu re s  and 3 s ib l in g s  o f  

JDM p a t ie n ts .  Blood uas a lso  ob ta ined  from  5 c h ild re n  

a tte n d in g  the  M etabo lic  C l in ic  a t UCH, none o f  uhom uere knoun 

to  have an im m unological component to  t h e i r  d isease . The mean 

age o f these c o n tro l c h ild re n  uas 7 yea rs , range 5 -1^ yea rs . 

Blood uas a lso  ob ta ined from normal a d u lt  c o n tro ls ,  m ed ica l, 

la b o ra to ry  and c le r ic a l  s t a f f  a t UCH/Middlesex H o s p ita ls .
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5.3  Adu lt P o lym yositis  P atients

E igh t a d u lt  PM p a t ie n ts  were in c lud ed  in  p a r t o f  t h is  s tu d y . 

These p a tie n ts  were a tte n d in g  the Rheumatology C l in ic  a t the 

M iddlesex H o s p ita l under the  care o f  Dr D Isenberg . 

C l in ic a l  d e ta i ls  o f  the  p a tie n ts  are g iven in  Table 5 .2 .

5.U PBL Subset Analysis of JDM Patients

An a n a ly s is  a f  PBL subsets o f JDM p a t ie n ts  was c a r r ie d  out by 

D r 's  G Cambridge and P Lydyard (M iddlesex H o s p ita l) .

Of the  15 JDM p a t ie n ts  analysed, 3 mere u n tre a te d , 6 were 

re c e iv in g  p redn iso lone  and a z a th io p r in e  and 2 mere re c e iv in g  

a z a th io p r in e  a lone .

A s ig n i f ic a n t  decrease in  CDB+ c e l ls  from  JDM p a t ie n ts  

compared to  both a d u lt and ch ildhood  c o n tro ls  was observed (p 

<0.01) (F ig  5 .1 ) .  The 3 un trea ted  p a t ie n ts  (KA, HU, SU) a l l  

had reduced numbers o f  CDB+ c e l ls ,  12, 6 and B% re s p e c t iv e ly .  

Decreased numbers o f  CDB+ c e l ls  have been re p o rte d  in  the  

p e r ip h e ra l blood o f  SLE p a tie n ts  and i t  is  p o s s ib le  th a t  t h is  

may c o r re la te  w ith  depressed suppressor T c e l l  fu n c t io n  

(A la rcon -S egov ia , A lcoce r-U are la  and D iaz-Jouanen, 19B5). No 

in fo rm a tio n  is  a v a ila b le  on the  fu n c t io n a l c h a ra c te r is t ic s  o f  

suppressor T c e l ls  in  JDM p a t ie n ts .

5 .5  HLA Haplotypes of JDM Patients

The HLA hap lo types and complement a llo ty p e s  o f  16/1B o f  the  

JDM p a t ie n ts  in  t h is  study are g iven in  Table 5 .3 . Typing was 

performed in  P ro fessor B a tc h e lo r 's  Department o f  Immunology, 

Hammersmith H o s p ita l.  The in fo rm a tio n  on which the  ta b le  is  

based has been taken from Robb e t a l  (198B).
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Table 5 .2 . Summary o f  C lin ic a l D e ta ils  o f  A du lt PM P a tien ts

DRUGS DISEASE
PATIENT (DURATION YEARS) (DURATION YEARS) CPK (U /m l)

TAN Pred (1) 2 16,5B5

THO None S 1,256

JAQ Pred, Aza 6

ZEFa None 1

GOO Pred, Aza (5 ) 6 60

OSM CsA (1) 1 2OB

F0Ub Aza (2) 3 199

V/ER Pred, Aza (A) 5 1,057

Pred = Prednisolone 

Aza = A za th iop rin e  

CsA = C yc losporin  A
g

Concurrent scleroderma 

b Concurrent p s o r ia t ic  a r th ro p a th y
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The re s u lts  showed th a t the ra ise d  frequency o f  BB and DR3 in  

JDM were due alm ost com ple te ly to  an a s s o c ia tio n  w ith  the  

common hap lo type BB, DR3, CAAQD, CAB1, C2C, BfS, which 13/20 

p a tie n ts  c a r r ie d .  Eighteen p a tie n ts  c a r r ie d  a n u l l  a l le le  fo r  

CA, 16 a t CAA and 2 a t CAB. The d if fe re n c e  in  freq uenc ies  o f 

CA n u l l  a l le le s  between the p a t ie n t group (0 .9 )  and the 

c o n tro l panel (0 .A 6) was h ig h ly  s ig n i f ic a n t  (p < 0 .0 0 1 ). The 

presence o f n u l l  a l le le s  in  1B/20 p a t ie n ts ,  in c lu d in g  1A/16 

p a t ie n ts  presented in  th is  th e s is  suggests th a t  they may be 

one o f the  d isease s u s c e p t ib i l i t y  genes o r in  very c lose  

lin k a g e  d is e q u ilib r iu m  w ith  the  disease s u s c e p t ib i l i t y  genes.

5.6  Serum Ig  and Immune Complexes

The c o n ce n tra tio n s  o f Ig  and immune complexes (IC ) in  sera 

from 10 JDM p a t ie n ts  and 9 ch ildhood  c o n tro ls  were determ ined 

(data  not shown). The co n ce n tra tio n s  o f IgG, IgM, IgA , IgG IC 

and IgMIC in  JDM sera were no t s ig n i f ic a n t ly  d i f f e r e n t  from 

c o n tro ls .  The co n ce n tra tio n s  o f  IgA IC were s ig n i f ic a n t ly  

e leva ted  in  the  sera o f B/10 JDM p a t ie n ts  compared to  c o n tro ls  

(Drs J Ludlow and F Hay, M iddlesex H o s p ita l) .

5.7 Complement Consumption

Complement consumption (CH50) le v e ls  were measured 

s e q u e n t ia lly  in  15 JDM p a tie n ts  (Immunology Dept, Hammersmith 

H o s p ita l) .  P a tie n t PB had reduced CH5D le v e ls  (31, 36, 56 -

normal CH50 range 65 -  135) on 3 separa te  occasions and her 

v a s c u l i t is  was moderate to  severe a t each tim e o f  te s t in g .  

When t h is  p a t ie n t 's  CH50 le v e ls  were w ith in  the  normal range, 

her v a s c u l i t is  was e ith e r  m ild  o r in  re m iss io n . P a tie n ts  JK
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Table 5 .3 . HLA Haplotypes and Complement A llo type s  o f  20 JDM P a tien ts

PATIENT HLA-A HLA-Cw HLA-B C2 Bf C4A C4B HLA-DR
DELETION OF 

C4 GENE
DELETION OF 
21- OH GENE

EK 2 40 C s QO 2 4
1 - 8 C s QO 1 3 A A

LM 1 7 8 C s QO 1 3 A A
30/31 2 27 C s 3 1 4 - -

HM 28 2 27 C s QO 1 3 A A
1 4 35 C s 3 1 - -

NC 2 - 8 C s QO 1 3 A A
1 - 8 C s QO 1 3 A A

JK 1 - 8 C s QO 1 3 A A
28 3 13 C s 3 1 3 - -

SW 2 - 40 C s 00 1 NO ND
24 - 13 C s 4 2 5 / - ND ND

SC 2 5 44 C s 3 QO 7 - -

24 3 55 C s 3 QO 7 B A

TC 3 - 14 C F 3 1 7 - _

1 - 8 C s QO 1 3 A A

GH 3 2 27 C s QO 1 7 A A
1 - 8 C F 3 1 3 - -

SR - - 7 C s 3 f ND ND
3 - 13 C s 3 1 5 ND ND

NH 1 - 44 C F 3 1 - -

3 - 8 C s QO 1 3 A A

1 3 - 7 C S 3 1 - -

3 2 27 C S 3 1 2 / - - -

2 32 2 16 C F QO 1 3 - -

29 3 44 C F 3 1 7 - -

3 1 / - 2 27 c S 3 1 7 - _

1 - 8 c S QO 1 3 A A

PO 24 - 49 c S 3 1 - -

1 - 8 c S QO 1 3 A A

KA 2 2 51 c S 3 - -

1 - 8 c s QO 1 3 A A

MK 1 - 8 c s QO 1 3 A A
2 - 40 c s 2 - -

4 3 5 7 c F 3 ,2 Q O , 4 - -

29 5 44 c F 3 1 7 - -

AB 30 - 8 c s QO 1 3 A A
2 2 27 c s 3 1 - -

SR 1 - 8 c S QO 1 3 A A
1 2 27 c S 3 5 - -

ND = Not done
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and SC both had reduced CH50 le v e ls  on 2 occasions when th e i r  

v a s c u l i t is  uas o f  moderate s e v e r ity  and CH50 le v e ls  re tu rne d  

w ith in  the  normal range when th e i r  v a s c u l i t is  re m itte d . IMo 

o th e r p a t ie n ts ,  however, had reduced CH50 le v e ls  when te s te d , 

a lthough  p a t ie n ts  NC and EK had moderate to  severe v a s c u l i t is  

on these occasions. Serum C3 and CA le v e ls ,  fo llo w e d  

s e q u e n t ia l ly ,  were always found to  l i e  w ith in  the  normal range 

fo r  a l l  15 JDM p a t ie n ts .

Immune complex mediated v a s c u l i t is  has been re p o rte d  in  1A/16 

p a t ie n ts  w ith  homozygous CA d e fic ie n c y  ( S c h i f f e r l i  and P e te rs , 

1963). A lthough on ly  2 JDM (EK, NC) p a t ie n ts  had homozygous 

CAA d e fic ie n c y  they were in  fa c t  2 o f  the  most seve re ly  i l l  

p a t ie n ts ,  w ith  v a s c u l i t is  as a prom inent component o f  t h e i r  

d isease , and a lso  su b je c t to  fre q u e n t b a c te r ia l in fe c t io n s  

which cou ld  be due p a r t ly  to  d e fe c t iv e  c learance  o f  organisms 

due to  complement d e f ic ie n c ie s .  Th is  was suggested by the  

obse rva tio n  th a t  these p a t ie n ts 's  CH5D le v e ls  were not reduced 

d u rin g  in te rc u r re n t  in fe c t io n s .

5.B Conclusion

These s tu d ie s  have demonstrated 2 f in d in g s  which may

c o n tr ib u te  to  JDM (a) reduced numbers o f  CDB+ c e l ls  (b ) an 

extended MHC h ap lo type , common to  the  m a jo r ity  o f  p a t ie n ts .  

Th is in fo rm a tio n  became a v a ila b le  a f te r  most o f  the  work

described  in  t h is  th e s is  was com pleted.

5.9  Aims Of The Project

This p ro je c t  was i n i t i a l l y  designed to  in v e s t ig a te  the  

responses o f p e r ip h e ra l blood lym phocytes from  p a t ie n ts  w ith

m y o s it is  to  p u r i f ie d  normal human s k e le ta l muscle membrane
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a n tig e n s . However, no s ig n if ic a n t  d if fe re n c e s  in  the 

p r o l i f e r a t iv e  responses o f e ith e r  a d u lt  o r ch ildhood  p a t ie n ts  

compared to  c o n tro ls  were observed (da ta  not shown). More 

recen t s tu d ie s  have a lso  shown no s ig n i f ic a n t  d iffe re n c e s  in  

p r o l i f e r a t iv e  responses o f c e l ls  from  m y o s it is  p a t ie n ts  to  

l i g h t  cha in  s k e le ta l muscle ra b b it  myosin. U n fo rtu n a te ly  i t  

was not p o s s ib le  to  ob ta in  muscle b io p s ie s  from  an adequate 

number o f  p a t ie n ts ,  p a r t ic u la r ly  c h i ld re n ,  in  o rde r to  extend 

these s tu d ie s .

I n i t i a l  experim ents by the a u th o r, us ing  immunofluorescence 

techn iques , d id  not demonstrate the  presence o f  t is s u e  

s p e c if ic  a n tib o d ie s  in  sera from JDM p a t ie n ts  to  e i th e r  normal 

human f e ta l  muscle o r human p la c e n ta l e n d o th e lia l c e l l  

an igens. S im ila r  re s u lts  have been ob ta ined  by Dr Cambridge, 

employing Western b lo t t in g .

l\lo in fo rm a tio n  has been pub lished  on im m unoregulatory c i r c u i t s  

in  p a t ie n ts  w ith  JDM. Yet, a b n o rm a lit ie s  in  the  c o n tro l o f  

the  immune response are w e ll e s ta b lis h e d  in ,  and may 

c o n tr ib u te  to ,  p u ta t iv e  autoimmune connective  t is s u e  d iseases. 

There fore  the  p ro je c t became an in v e s t ig a t io n  o f 

im m unoregulation in  p a tie n ts  w ith  JDM. A second complementary 

approach to  t h is  work was the  e x p lo ra t io n  o f  p o s s ib le  ane rg ic  

responses by lymphocyte p o p u la tions  from  JDM p a t ie n ts ,  as t h is  

phenomenon is  a lso  associa ted  w ith  autoimmune connective  

t is s u e  d isease . I n i t i a l  m itogen s t im u la t io n  experim ents 

a llow ed both aspects o f the p ro je c t  to  be in v e s tig a te d . These 

experim ents id e n t i f ie d  de fec ts  o f  T-B c e l l  coop e ra tio n  and the  

ro le  o f re g u la to ry  T c e l l  subsets was fu r th e r  s tu d ie d  in
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responses to  auto logous a n tig e n s . The presence o f  an a n t i 

lymphocyte an tibody  uas id e n t i f ie d  in  p a t ie n t  serum and i t s  

im m unoregulatory c h a ra c te r is t ic s  and p o s s ib le  c o n tr ib u t io n  to  

anergy ana lysed . F in a l ly ,  the re g u la to ry  in te ra c t io n s  between 

T and (\1K c e l ls  were in v e s tig a te d , o r ig in a l  data ob ta ined  and 

re la te d  to  the  responses o f p a t ie n t  c e l ls  a t both the  

p o p u la tio n  and c lo n a l le v e ls .
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CHAPTER 6

6 .0  RESPONSES OF CELLS FROM JDM AND ADULT PM PATIENTS TP MITOGENIC
STIMULATION

6.1 INTRODUCTION

A ntigen s tim u la te d  a c t iv a t io n  o f  T and B c e l ls  and subsequent 

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  in to  a n tig e n  s p e c if ic  

e f fe c to r  T and Ig  se c re tin g  c e l ls  in v o lv e s  a complex s e r ie s  o f 

re c e p to r mediated s t im u l i .  A n tigen b in d in g  to  the  CD3 -  T i 

complex on T c e l ls  and to  su rface  Ig  on B c e l ls  are the  

i n i t i a l  events in  the genera tion  o f  a co n ve n tio n a l a n tig en  

s p e c if ic  response. A n tibod ies  d ire c te d  a g a in s t these 

re ce p to rs  (an ti-C D 3; a n ti- Ig M ) can mimic a n tig e n  induced 

a c t iv a t io n  pathways, p o te n t ia l ly  re s u lt in g  in  p o ly c lo n a l 

expansion o f  a p p ro p ria te  re cep to r bea ring  c e l ls .

C e rta in  carbohydra te  b ind ing  p ro te in s , o r le c t in s ,  a lso  have 

the  c a p a c ity  to  a c t iv a te  d i f f e r e n t  subpopu la tions  o f 

lymphocytes by c ro s s - l in k in g  sugar res idu es  p resen t on 

lymphocyte re ce p to r m olecules. Many le c t in s  are known to  

possess m itogen ic  a c t iv i t y ,  s t im u la t in g  lym phocytes to  grow 

and d iv id e .  Some, such as phytohaem agg lu tin in  (PHA) and 

concanava lin  A (ConA) s t im u la te  on ly  T c e l ls ,  w h ile  pokeweed

mitogen (PhJM) is  a T c e l l  dependent B c e l l  m itogen.

6 .1 .1  T C e ll M itogens

The CD2 m olecu le , a recep to r complex p resen t on a l l  T c e l ls ,  

has been shown to  be the lig a n d  b in d in g  s i t e  fo r  PHA (O 'F lynn  

e t a l ,  1905). B inding o f PHA to  CD2 induces a co n fo rm a tio n a l 

change in  the  recep to r which induces an increase  in  in t r a 

c e l lu la r  fre e  ca lc ium  fo llow ed  by p ro te in  k inase C a c t iv a t io n

10)0



and phospha ry la tion  o f membrane p ro te in s  in c lu d in g  CD3. 

P hospho ry la tion  may be a s ig n a l fo r  d o w n -re g u la tio n  o f  the  

CD3-Ti an tig en  re c e p to r, thus in h ib i t in g  fu r th e r  membrane 

a c t iv a t io n  (C a n tre ll e t a l ,  1907). A second message is  

re q u ire d  to  d r iv e  re s tin g  T c e l ls  in  G  ̂ to  phase and th is  

may be prov ided by IL -1  secreted by accessory c e l ls .  W ith in  

hours o f  i n i t i a l  t r ig g e r in g ,  a c t iv a te d  T c e l ls  re lea se  IL -2 ,  

which by b ind ing  to  i t s  re c e p to r, transduces the  s ig n a ls  

re q u ire d  to  sw itch  T c e l ls  from G  ̂ phase to  m ito s is  (review ed 

by Sm ith, 19BA).

6.1 .2  B-Cell Mitogens

A recen t rev iew  (J e lin e k  and L ipsky , 1987) has suggested th a t  

a l l  p o ly c lo n a l human B c e l l  a c t iv a to rs ,  w ith  the  excep tion  o f 

EBU, re q u ire  T c e l ls  o r T c e l l  d e rive d  fa c to rs  fo r  the 

g ene ra tion  o f  Ig  se c re tin g  c e l ls ,  a lthough  some w i l l  induce 

p r o l i f e r a t io n  in  a T c e l l  independent manner. Both 

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  B c e l ls  induced by PUJM 

are T c e l l  dependent a lthough T c e l l  p r o l i f e r a t io n  is  not 

re q u ire d  fo r  maximal responsiveness. The ro le  o f  PliJM is  

p robab ly  to  f a c i l i t a t e  T-B in te ra c t io n s ,  perhaps by increased 

adherence o f the 2 c e l l  p o p u la tio n s . There is  no requ irem ent 

fo r  MHC c o m p a t ib il i ty  between coop e ra ting  T and B c e l ls  fo r  

PUJM s t im u la t io n  but re c o g n it io n  o f non-po lym orph ic c la ss  I I  

de te rm inan ts  may be invo lved  in  the in te r a c t io n  (Suzuki e t a l ,  

1906).

In  c o n tra s t to  PHA and ConA responsive  T c e l l  p re c u rso rs , the  

p recu rso r frequency o f the PUJM responsive  B c e l l  p o p u la tio n  is  

sm a ll, being approxim ate ly 1/1 GOD -  1/20GG o f  B c e l ls
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(Martinez-M aza and B r it to n ,  19B3). The p r in c ip a l responder 

p o p u la tio n  has been shown to  be su rfa ce  Ig D -. Th is  appears to  

comprise re s t in g  as w e ll as a c t iv a te d  B c e l ls .  The re s t in g  

p o p u la tio n  may comprise a subset o f  p o s t-s w itc h  memory B c e l ls  

capable o f  IgG and IgA as w e ll as IgM s e c re t io n  (J e lin e k  and 

L ipsky , 1907).

6.1 .3  Responses of Lymphocytes from Patients with Connective Tissue 
Diseases to Mitogens

Im paired p r o l i f e r a t iv e  responses to  m itogens by T c e l ls  from  

p a t ie n ts  w ith  connective  t is s u e  d iseases , in c lu d in g  a d u lt  PM, 

has been reviewed by A la rcon-S egov ia , A lc o c e r- l/a re la  and D iaz - 

Jouanen (1905). Depressed p r o l i f e r a t iv e  responses to  PHA by 

lymphocytes from a d u lt PM p a tie n ts  has a lso  been re p o rte d  by 

Behan and Behan (1905), but a s tudy o f  5 u n tre a te d , a c t iv e  JDM 

p a t ie n ts  showed no s ig n if ic a n t  d if fe re n c e s  from  c o n tro ls  fo r  

p r o l i f e r a t iv e  responses to  ConA and PHA (Pachman, C h ris tensen  

and S c o tt,  1900).

Im paired s e c re tio n  o f  Ig  by lym phocytes from  both SLE and RA 

p a t ie n ts  in  response to  PUM has been re p o rte d  (Manny, Datta 

and Scw artz, 1979; P a te l, Panayi and Unger, 1903). In  

c o n tra s t to  d e fe c t iv e  PliJM responses, lym phocytes from some RA 

and SLE p a t ie n ts  spontaneously se c re te  e leva ted  le v e ls  o f  Ig  

(P a te l,  Panayi and Unger, 1903; B laese, Grayson and S te in b e rg , 

190G).

IMo s tu d ie s  o f i j i  v i t r o  Ig  p ro d u c tio n  by c e l ls  from  m y o s it is  

p a t ie n ts  have been pub lished . However, a u to a n tib o d ie s , have 

been de tected  in  the serum o f both  a d u lt  and ch ildhood  

m y o s it is  p a t ie n ts  (B e rn s te in , 1907; Pachman and Friedman,
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19B5). Spontaneous Ig  p ro d u c tio n , a p ro p o rt io n  o f which 

rep resen ts  au toan tibody  s e c re t io n , appears to  be assoc ia ted  

w ith  in flam m atory  connective  t is s u e  d iseases (A la rco n -S e g o v ia , 

A lcoce r-U a re la  and Diaz-Jouanen, 19B5).

6 .2  EXPERIMENTAL DESIGN

M itogen induced p r o l i fe r a t io n  and IgM p ro d u c tio n  from PBMC 

ob ta ined  from JDM and a d u lt PM p a t ie n ts ,  a d u lt  and ch ildhood  

c o n tro ls  were measured. I t  was no t p o s s ib le  to  d e te c t 

q u a n t ita t iv e  ANA p rodu c tion  ir i v i t r o  by JDM c e l ls  due to  la c k  

o f access to  p u r i f ie d  n u c le o p ro te in  an tig e n s  (Ch 1 .1 .3 )  and 

th e re fo re  t o t a l  IgM p rod u c tio n  by c e l ls  from m y o s it is  p a t ie n ts  

and c o n tro ls  was recorded . The mean age o f  c o n tro l c h ild re n  

was 7 yea rs . The mean age o f the  1A JDM p a t ie n ts  te s te d  was 

10 yea rs . A l l  except 2 o f the  c h ild re n  s tu d ie d  were re c e iv in g  

e ith e r  a lte rn a te  day o r d a i ly  p redn iso lone  a t doses o f le s s  

than 1mg/Kg and A were a lso  re c e iv in g  a z a th io p r in e . The mean 

age o f  the  a d u lt  PM p a t ie n ts  was AO years and t h e i r  c l i n i c a l  

d e ta i ls  are g iven  in  Table 6 .2 . A d u lt c o n tro ls  were norm al, 

h e a lth y  v o lu n te e rs  (age range 20 -  A9 y e a rs ) .

6 .3  RESULTS

6.3.1 P ro life ra tiv e  Responses to Mitogens

The mean le v e l o f  p r o l i f e r a t io n  to  the  m itogens PHA, ConA and 

PWM by PBMC from 13 JDM p a t ie n ts  d id  no t d i f f e r  s ig n i f ic a n t ly  

from th a t  o f  c e l ls  from  the  normal c o n tro l group a t e i th e r  

o p tim a l o r sub -op tim a l c o n ce n tra tio n s  (Table  6 .1 ) .  The mean 

p r o l i f e r a t iv e  responses o f PBMC from B a d u lt  PM p a t ie n ts  to  

the  th re e  T c e l l  m itogens was s ig n i f ic a n t ly  low er than 

c o n tro ls  a t both o p tim a l and sub -o p tim a l c o n c e n tra tio n s . The
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PM p a t ie n ts  cou ld  be d iv id e d  in to  2 groups o f  A (VER, FDU, 

THO, TAIM) and (DSM, ZEF, JAQ, GOD), the  form er group having 

s ig n i f ic a n t ly  reduced m itogen p r o l i f e r a t iv e  responses compared 

to  the  la t t e r  (p< 0 .0 5 ) . Three out o f  A p a t ie n ts  w ith  reduced 

responses had co n s id e ra b ly  e leva ted  serum CPK le v e ls .  There 

mere no d iffe re n c e s  between the  two groups in  immuno

suppress ive  drug the rapy  (Table 5.2)

6.3 .2  Spontaneous and PUM Induced IgM Production

Spontaneous and PUJM induced IgM p ro d u c tio n  by PBMC from 9 

normal a d u lts ,  B PM p a t ie n ts ,  B normal c h ild re n  and 12 JDM 

p a t ie n ts  are shown in  F ig  6 .1 . PBMC from  the  a d u lt  p a t ie n ts  

d id  not d i f f e r  in  e i th e r  t h e i r  spontaneous (65 + 1 6  ng /m l) o r 

PUJM induced (2022 +_ A1Bng/ml) IgM p ro d u c tio n  from th a t  shown 

by c e l ls  from a d u lt  c o n tro l in d iv id u a ls  (50 +_ 10 and 21B3 +_

A92 ng/m l re s p e c t iv e ly ) .  The mean le v e l o f  spontaneous IgM 

p ro d u c tio n  by PBMC from  the  ju v e n i le  p a t ie n ts ,  232 + 1AB ng/m l 

was s ig n i f ic a n t ly  h ig h e r than ch ildhood  c o n tro ls  (131 +_ 207 

ng /m l; p < 0 .0 1 ). F u rth e r, h igh  spontaneous IgM p ro d u c tio n  was 

assoc ia ted  w ith  an in a b i l i t y  to  produce s ig n i f ic a n t ly  

increased amounts o f IgM in  response to  PUJM s t im u la t io n .  The 

mean le v e l o f  IgM p ro d u c tio n  by PBMC from  JDM p a t ie n ts ,  in  

response to  PUJM, (712 + 560 ng /m l) was s ig n i f ic a n t ly  le s s  than 

th a t  by c h i ld  c o n tro ls  (1913 +_ A18ng/ml; p < 0 .0 1 ).
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6 .3 .3  C o n tr ib u t io n  o f  T -C e lls  to  Spontaneous IgM P roduc tion  by JDM 
Lymphocytes

A lthough JDM immunoglobulin s e c re tin g  c e l ls  produced low 

le v e ls  o f  IgM spontaneously in  the r e la t iv e  absence o f T c e l ls  

(Table 6 .2 b ) , c o -c u ltu r in g  equal numbers o f  auto loguous T and 

non-T c e l ls  re s u lte d  in  a f iv e  fo ld  increase  in  IgM 

p ro d u c tio n .

6 .3 .4  Requirement f o r  P ro te in  and DNA S yn thes is  by JDM non-T C e lls  
f o r  Spontaneous IgM P roduction

E- c e l ls  from A JDM p a tie n ts  mere tre a te d  w ith  cyc lohexim ide  

o r m itom ycin C before  c o c u ltu r in g  u i th  auto logous E+ c e l ls .  

Spontaneous IgM p roduc tion  uas then measured (F ig u re  6 .2 ) .  

The e f fe c t  o f  cyclohexim ide and m itom ycin C uas to  suppress 

IgM p ro d u c tio n  by 90% and 85% re s p e c t iv e ly .

6 .3 .5  E f fe c t  o f  C ytokines on Spontaneous and PUM Induced IgM 
P roduction

A d d it io n  o f MLR supernatants to  PBMC from  3 normal c h ild re n

and A JDM p a t ie n ts  re s u lte d  in  a dose-dependent increase  in

spontaneous IgM p roduc tion  (F ig  6 .3 ) uh ich  uas s ig n i f ic a n t  (p 

<□.□□5) fo r  both MLR conce n tra tio ns  te s te d . The a d d it io n  o f  

MLR superna tan t to  the c u ltu re s  had no e f fe c t  on PUM 

s tim u la te d  IgM p ro d u c tio n , u h i le  the  a d d it io n  o f  IL -2  had no 

e f fe c t  on spontaneous o r PUM induced IgM p ro d u c tio n .

There uere no s ig n if ic a n t  d iffe re n c e s  betueen spontaneous o r 

PUM induced IgM production  by normal a d u lt  and ch ildhood

c o n tro ls .  T he re fo re , in  v ie u  o f the  co n s id e ra b le  problems 

in vo lve d  in  o b ta in in g  m a te ria l from  normal c h i ld re n ,  i t  uas 

f e l t  reasonab le , i f  not id e a l,  to  conduct the  fo l lo u in g
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Spontaneous and PUJM induced IgM p rodu c tion  by PBMC from (A) normal 
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and supernatants  then harvested fo r  IgM measurement.
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experim ents, examining IgM p ro d u c tio n  by a llo g e n e ic  

com bina tions, us ing  normal a d u lt c e l ls  as c o n tro ls .

6 .3 .6  E f fe c t  o f  A llo g e n e ic  Combinations o f  T and non-T C e lls  on 
Spontaneous and PUM Induced IgM P roduction

Autologous and a llo g e n e ic  com binations o f  T and non-T c e l ls  

from 3 normal a d u lts  and 3 JDM p a t ie n ts  were c o c u ltu re d , and 

spontaneous and PliJM induced IgM p ro d u c tio n  measured a f te r  B 

days. In d iv id u a l com bination re s u lts  are g iven  in  Table 6.2a 

and grouped data in  Table 6 .2b . Grouped data r e s u lts  showed 

th a t  a llo g e n e ic  com binations o f  normal T and non-T c e l ls  d id  

not d i f f e r  s ig n i f ic a n t ly  from auto logous com binations fo r  FUM 

induced o r spontaneous IgM p ro d u c tio n . In d iv id u a l re s u lts  

showed th a t  o f  5 a llo g e n e ic  com binations o f  normal c e l ls ,  2 

gave s ig n i f ic a n t ly  reduced (p < 0 .05 ) spontaneous IgM 

p ro d u c tio n  compared tD autologous com b ina tions. In d iv id u a l 

re s u lts  fo r  PUJM s tim u la te d  IgM p ro d u c tio n  showed no 

s ig n i f ic a n t  d iffe re n c e s  between a llo g e n e ic  and auto logous 

c o c u ltu re s  o f  normal c e l ls .

UJhen JDM T c e l ls  were co cu ltu re d  w ith  normal non-T c e l ls ,  

spontaneous IgM p roduc tion  was s ig n i f ic a n t ly  enhanced (grouped 

da ta , p < 0 .0 1 )  and IgM p rod u c tio n  in  response to  PUJM was 

s ig n i f ic a n t ly  reduced (grouped d a ta , p < 0 .0 1 )  compared w ith  

auto logous com binations o f normal c e l ls .  UJhen normal T c e l ls  

were co c u ltu re d  w ith  JDM non-T c e l ls ,  spontaneous IgM 

p ro d u c tio n  was s ig n i f ic a n t ly  reduced (grouped d a ta , p< 0 .01 ) 

and PUJM induced IgM p roduc tion  s ig n i f ic a n t ly  enhanced (grouped 

da ta , p < 0 .0 1 )  compared w ith  auto logous com binations o f  JDM 

c e l ls .  S im ila r  re s u lts  were ob ta ined from  every in d iv id u a l 

com bination te s te d  w ith in  each group. These re s u lts  s tro n g ly
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E f fe c t  o f  the  a d d it io n  o f IL -2  and MLR superna tan ts  on (A, B) 
spontaneous and (C, D) PUM induced IgM p ro d u c tio n  by §?BMC from (A, C) 
normal c h ild re n  and (B, D) JDM p a t ie n ts .  PBMC (2 x ID ) were c u ltu re d  
in  the  presence or absence o f cy tok ines  and IgM p ro d u c tio n  measured 
a f te r  B days. The conce n tra tio n  o f IgM in  the  neat MLR supernatant 
uas 15B ng /m l.
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TABLE 6.2a
Spontaneous and PUM induced IgM p roduc tion  by in d iv id u a l au to logous 
and a llo g e n e ic  com binations o f  T and non-T c e l ls  from  norm al a d u lts  
(N) and JDM p a t ie n ts .

(A) Autologous Com bination^8 IgM PRODUCTION (ng /m l)

E+ E- SPONTANEOUS PUM

N1 N1 48 + 10b 2,050 + 208

N2 N2 3 8 + 6 1,644 + 224

N3 N3 44 + 10 1,387 + 128

JDM 1 JDM1 38D + 45 344 + 38

JDM2 JDM2 261 + 28 363 + 28

JDM3 JDM3 230 + 28 184 + 22

A llo g e n e ic  Combinations8

E+ E- SPONTANEOUS PUM

N1 N2 26 + 4C 2,111 + 47

N2 N1 18 + 6C 1,870 + 251

N1 N3 43 + 12 1,575 + 261

N3 N2 36 + 10 1,435 + 205

N3 N1 75 + 15 1,858 + 244

N1 JDM1 1 4 4 + 2 0

•j"CO+inCNJ

N1 JDM2 117 + 34 1,761 + 116

N3 JDM1 124 + 40 1,121 + 174

JDM1 N1 128 + 16 208 + 33

JDM1 N3 184 + 18 474 + 138

JDM 2 N2 108 + 25 220 + 24

JDM3 N1 154 + 44 164 + 20

5 5a 1 x 10 E+ c e l ls  were cocu ltu re d  w ith  1 x 10 E- c e l ls  in  the
presence o r absence o f  PUM. C u ltu re  supe rna tan ts  were harvested
a f te r  B days and IgM production  measured.

b The re s u lts  are g iven as the mean + SD IgM p ro d u c tio n  o f  t r i p l i c a t e
w e lls  in  each experim ent.

c A llo g e n e ic  com binations o f normal c e l ls  g iv in g  s ig n i f ic a n t ly  reduced 
spontaneous IgM p rodu c tion  compared to  au to logous com b ina tions.
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TABLE 6.2b

Spontaneous and PUM induced IgM p roduc tion  by grouped auto logous and 
a llo g e n e ic  com binations o f  T and non-T c e l ls  from  norm al a d u lts  (N) 
and JDM p a t ie n ts .

(A) Auto logous Combinations

IgM PRODUCTION (ng /m l)

E+ E- na SPONTANEOUS PUM

N N 3 43 + 4C 1,694 + 273

JDM JDM 3 290 + 65 297 + 00

Nb 3 10 ND

JDMb 3 54 + 15 ND

(B) A llo g e n e ic  Combinations

E+ E- n SPONTANEOUS PUM

N N 5 4 0 + 2 0  1,770 + 230

N JDM 3 120 + 11 1,300 + 275

JDM N 4 144 + 29 267 + 122

5
a Number o f com binations o f 1 x 10 E+ and E- lym phocytes from  

p a t ie n ts  o r c o n tro ls .

5
b 1 x 10 E- c e l ls  c u ltu re d  a lone.

c The re s u lts  are g iven as the mean + SD IgM p ro d u c tio n  o f  t r i p l i c a t e  
w e lls  c u ltu re d  in  the  presence or absence o f  PUM.
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su g g e sted  t h a t  B c e l l s  from  JDM p a t i e n t s  were  r e s p o n s iv e  t o

re g u la to ry  s ig n a ls  from T c e l ls .

6.U DISCUSSION

The p r o l i f e r a t iv e  responses o f PBMC from  a group o f  a d u lt  PM 

p a t ie n ts  to  3 T c e l l  m itogens mere s ig n i f ic a n t ly  reduced 

compared to  normal a d u lt c o n tro ls .  Lack o f  access to  p a t ie n ts  

u n fo r tu n a te ly  d id  not a llo w  fo llo w  up o f  these o b se rva tio n s . 

Exam ination o f  (a) CDA/CD8 r a t io s  (b ) p ro d u c tio n  o f  and 

response to  IL -2  by PM T c e l ls  (c ) p re cu rso r freq uenc ies  o f 

m itogen re a c t iv e  T c e l ls  (d) e f fe c t  o f  c o c u ltu re  o f  normal 

PBMC and PM T c e l ls  on m itogen responsiveness (e ) r o le  o f

monocytes and monocyte de rived  fa c to rs ,  may g ive  c lues  to  the

reasons fo r  d e fe c t iv e  p r o l i fe r a t io n .

PM p a t ie n ts  cou ld  be d iv id e d  in to  p a t ie n ts  who gave 

p r o l i f e r a t iv e  responses w ith in  the  normal range and those 

whose responses were, s ig n i f ic a n t ly  reduced. The d iffe re n c e s  

between the  2 groups could not be asc rib e d  to  drug tre a tm e n t, 

but CPK le v e ls  were cons ide rab ly  e leva ted  in  p a t ie n ts  w ith  

poor responses, perhaps r e f le c t in g  d isease e xa ce rb a tio n .

In  c o n tra s t to  a d u lt  p a t ie n ts ,  m itogen induced p r o l i f e r a t io n  

o f c e l ls  from  JDM p a tie n ts  was not s ig n i f ic a n t ly  d i f fe r e n t  

from  normal c h ild re n .  One s tudy , conducted on c h ild re n  w ith  

va rio u s  diseases in c lu d in g  JDM, in d ic a te d  th a t  a s in g le ,  o ra l 

dose o f  p redn iso lone  (B.5mg/Kg o r g re a te r)  may s ig n i f ic a n t ly  

reduce the  PHA induced p r o l i f e r a t iv e  responses o f  lymphocytes 

taken A hours a f te r  drug a d m in is tra t io n .  The e f fe c t  o f 

p redn iso lone  appeared to  depend on the  plasma le v e l achieved 

and t h is  may vary cons ide rab ly  because o f  slow and e r r a t ic
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a b so rp tio n  found in  many JDM p a t ie n ts  (Green e t a l ,  1978). In  

the  p resen t s tudy , p r o l i f e r a t iv e  responses o f  lymphocytes to  

m itogens appeared to  be un re la te d  to  th e ra p y .

Marked d iffe re n c e s  in  spontaneous and PUJM induced IgM 

p ro d u c tio n  between a d u lt m y o s it is  and JDM p a t ie n ts  were a lso  

observed (F ig  6 .1 ) .  PBMC from  most JDM, but not a d u lt ,  

p a t ie n ts  produced e leva ted  le v e ls  o f  IgM spontaneously in  

v i t r o . There were no apparent d iffe re n c e s  in  drug trea tm en t 

o r le n g th  o f  h is to ry  o f  disease between those p a t ie n ts  whose 

c e l ls  produced IgM spontaneously and those who d id  n o t. C e lls  

from the  2 un trea ted  p a tie n ts  (GH and SUJ) secre ted  the  h ig h e s t 

le v e ls  o f  IgM spontaneously.

A lthough JDM E- popu la tions  were shown to  produce IgM 

spontaneously in  the r e la t iv e  absence D f  T c e l ls ,  c o c u ltu r in g  

equal numbers o f autologous JDM T and non-T c e l ls  re s u lte d  in  

augmented IgM p ro d u c tio n , suggesting  th a t  in  v iv o  a c t iv a te d  

JDM T c e l ls  were co -o p e ra tin g  w ith  B c e l ls  to  induce Ig  

s e c re t io n . Both p r o l i fe r a t io n  and p ro te in  s y n th e s is  by JDM 

non-T c e l ls  were re q u ire d  to  m a in ta in  spontaneous IgM 

p ro d u c tio n , in d ic a t in g  th a t c a rry  over o f  IgM o r re lea se  o f 

IgM by damaged c e l ls  were u n l ik e ly  to  c o n tr ib u te  to  these 

r e s u lts .

Spontaneous Ig  p roduc tion  has been described  in  autoimmune 

d is o rd e rs  and animal models o f  autoimmune d isease (Budman e t 

a l ,  1977; P a te l, Panayi and Unger, 1983; Manny, D atta  and 

Scw artz, 1979). The reasons fo r  t h is  have been a sc ribe d  to  

h y p e rre a c tiv e  B c e l ls ,  a c t iv a te d  T h e lp e r c e l ls  o r d im in ished



numbers o f  T suppressor c e l ls  (B ea le , Nash and B e rta v ic h , 

19B2; M orimoto, Abe and Homma, 1979). Exam ination o f  

spontaneous IgM s e c re tio n  by a llo g e n e ic  com binations o f normal 

and JDM T and B c e l ls  produced evidence suggesting  th e re  uas 

no in t r in s ic  d e fe c t o f  JDM B c e l ls  le a d in g  to  spontaneous IgM 

p ro d u c tio n . The re s u lts  im p lic a te d  JDM T c e l ls  as being 

p r im a r ily  re sp o n s ib le  fo r  the  response.

IMo enhancement o f  IgM p rodu c tion  by a llo g e n e ic  compared to  

auto logous com binations o f normal T and non-T c e l ls  uas 

observed, suggesting  th a t augmented h e lp e r fu n c t io n  by JDM T 

c e l ls  fo r  spontaneous IgM p ro d u c tio n  by normal non-T c e l ls ,  

uas not the  r e s u lt  o f  an a llo g e n e ic  e f fe c t .  Suppression o f  Ig  

p ro d u c tio n  due to  a llo g e n e ic  in te ra c t io n s  has been described 

(Brenner and N o rth , 19B3; Rumke e t a l ,  19B2) and uas in  fa c t  

found fo r  some norm al, a llo g e n e ic  com binations described  here . 

Th is suppressive e f fe c t  has been re p o rte d  to  be p a r t ia l ly  

overcome by the  a d d it io n  o f  supe rna tan ts  from  a c t iv a te d  T 

c e l ls  (Brenner and N orth , 19B3), p ro v id in g  a p o s s ib le  

mechanism fo r  spontaneous IgM p ro d u c tio n  by E- c e l ls  in  

response to  JDM T c e l ls .

T h e re fo re , experim ents in v e s t ig a t in g  the  ro le  o f  lymphokines 

in  in duc ing  spontaneous Ig  p ro d u c tio n  uere conducted (F ig  

6 .3 ) .  MLR superna tan ts  s ig n i f ic a n t ly  enhanced spontaneous IgM 

p ro d u c tio n  by both normal and JDM c e l ls .  The e f fe c ts  o f  MLR 

superna tan ts  may have been d ire c te d  to  a c t iv a te d  B c e l ls  

u i t h in  normal and JDM lymphocyte p o p u la tio n s  (J e lin e k  and 

L ipsky , 19B7).
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Although h ig h ly  p u r if ie d  t o n s i l la r  B c e l ls  have been shown to  

secre te  Ig  in  response to  IL -2  a lone , p e r ip h e ra l b lood B c e l ls  

had poor responsiveness, p o s s ib ly  r e f le c t in g  d i f f e r e n t  le v e ls  

o f  B c e l l  a c t iv a t io n  in  d i f fe r e n t  ana tom ica l s ite s  (Romagnani 

e t a l ,  19B6). Normal and JDM c e l ls  were found not to  g ive  

enhanced spontaneous se c re tio n  o f IgM in  response to  IL -2 .  I t  

was a lso  p o s s ib le  th a t  IgM p ro d u c tio n  by PBMC in  response to  

IL -2  was in h ib ite d  by the presence o f  T c e l ls  in  the  c u ltu re s  

(B ich-Thuy and Fauci, 1985). Experiments exam ining whether 

p u r i f ie d  JDM B c e l ls  could be induced to  secre te  Ig  in

response to  IL -2  could g ive in fo rm a tio n  on the  a c t iv a t io n

s ta te  o f  the  c e l ls .

A c tiv a te d  B c e l ls  may express IL -2  re c e p to rs  and IL -2  has been 

cla im ed to  be an e s s e n tia l fa c to r  fo r  normal B c e l l

d i f f e r e n t ia t io n  in  response to  PUM (Nakagawa e t a l ,  1986).

The in a b i l i t y  o f  JDM T c e l ls  to  p rov id e  he lp  to  B c e l ls  in  the

presence o f PUM was u n lik e ly  to  be due to  d e fe c t iv e  IL -2

p ro d u c tio n , as the  p r o l i fe r a t iv e  responses o f  JDM c e l ls  to  PUM 

were not s ig n i f ic a n t ly  d i f fe r e n t  from  th a t  o f  normal c e l ls .  

Furtherm ore, the  a d d it io n  o f exogenous IL -2  had no e f fe c t  on 

d e fe c t iv e  IgM p rodu c tion  by JDM c e l ls  in  response to  PUM. The 

re s u lts  ob ta ined  suggested th e re  was a f a i lu r e  o f  coop e ra tion  

between JDM T and B c e l l  p o p u la tio n s  in  response to  PUM.

A lthough a llo su p p re ss io n  or suppression induced by PUJM (Rumke 

e t a l ,  1982) cou ld  have c o n tr ib u te d  to  t h is  e f fe c t ,  none o f 

the  norm al, a llo g e n e ic  com binations gave s ig n i f ic a n t ly  reduced 

responses compared to  autologous com binations in  the  presence 

o f PbJM. S im i la r ly ,  C a lla rd  (1984) cou ld  not d e te c t an 

a llo s u p p re s s o r e f fe c t  in  PUM induced Ig  p ro d u c tio n .
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S ig n i f ic a n t ly  increased IgM p rod u c tio n  in  response to  PUM by 

com binations o f  JDM E- and normal T c e l ls  suggested th a t  the  

PliJM responsive  B c e l l  p o p u la tio n  was p robab ly  not d e fe c t iv e  in  

JDM p a t ie n ts .  PUM induced d i f f e r e n t ia t io n  o f  B c e l ls  appears 

to  re q u ire  the  presence o f T c e l ls  as w e ll as T c e l l  fa c to rs  

fo r  o p tim a l responsiveness (J e lin e k  and L ip sky , 19B7). 

There fore  d e fe c t iv e  PUM f a c i l i t a t e d  T-B in te ra c t io n s  by JDM 

c e l ls ,  fo r  which T c e l l  fa c to rs  were unable to  s u b s t i tu te ,  may 

have c o n tr ib u te d  to  the im paired response. I t  is  p o s s ib le  

th a t  a T h e lpe r p o p u la t io n (s ) , re q u ire d  fo r  the  PUM response, 

is  d e fe c t iv e  in  JDM p a t ie n ts .

The T c e l l  p o p u la tio n  recognised by the  MAb UCHL1 has been 

re po rte d  to  be the  subset re sp o n s ib le  fo r  coop e ra ting  w ith  B 

c e l ls  in  Ig  p ro d u c tio n  in  response to  PUM (B e ve rle y , 1987).

The CDA+ UCHL1+ T c e l l  p o p u la tio n  has re c e n t ly  been shown to  

be s ig n i f ic a n t ly  reduced in  the  p e r ip h e ra l blood from JDM 

p a t ie n ts  compared to  ch ildhood  c o n tro ls  (G Cambridge and 

P Lydyard, unpublished r e s u lts ) ,  a lthough  fu n c t io n a l a n a ly s is  

o f  the  subset in  the  PUM response o f  c e l ls  from  JDM p a t ie n ts  

has s t i l l  to  be perform ed.

An a l te rn a t iv e  exp la n a tio n  was th a t suppressor T c e l ls  w ith in  

the  JDM lymphocyte p op u la tion  were in h ib i t in g  PUM induced Ig  

p ro d u c tio n . Th is  could not be ru le d  o u t, but p re lim in a ry  

experim ents, adding JDM T c e l ls  to  PUM s tim u la te d  normal PBMC 

showed no evidence o f  suppression (da ta  not shown).
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6.5  CONCLUSION

No evidence o f  anergy was observed fo r  responses o f  c e l ls  from 

JDM, in  c o n tra s t to  a d u lt PM p a t ie n ts .  The re s u lts  in d ic a te d  

d e fe c t iv e  coop e ra tion  between the  PUM responsive  JDM h e lp e r-  

inducer T c e l l  subset and B c e l ls  in  Ig  p ro d u c tio n . However, 

B c e l l  d i f f e r e n t ia t io n  fa c to rs  secre ted  by JDM T c e l ls  cou ld  

have been re sp o n s ib le  fo r  enhanced spontaneous Ig  p ro d u c tio n .

I t  was p o ss ib le  th a t  in a b i l i t y  o f T c e l l  subpopu la tions to  

co -ope ra te  no rm a lly  in  response to  c e r ta in  a c t iv a t io n  s ig n a ls  

cou ld  r e s u lt  in  f a i lu r e  to  dow n-regu la te  an immune response 

re s u lt in g  in  spontaneous Ig  p ro d u c tio n . A s e n s it iv e  assay 

system was th e re fo re  re q u ire d  to  in v e s t ig a te  T c e l l  

in te ra c t io n s  and re g u la to ry  c e l l  fu n c t io n .  The fo llo w in g  

chap te r presen ts  re s u lts  us ing the response to  auto logous 

an tigens  to  in v e s t ig a te  these fu n c t io n s .
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CHAPTER 7

7.D THE AUTOLOGOUS MIXED LYMPHOCYTE REACTION

7.1 INTRODUCTION

7 .1 .1  Responder T C e ll P apu la tions

Normal human T c e l ls  p r o l i fe r a te  ijn v i t r o  when s tim u la te d  w ith  

MHC c la ss  I I  expressing  non-T c e l ls  from  the  same donor in  the 

auto logous mixed lymphocyte re a c t io n  (AMLR). T c e l ls  are 

b e lie ve d  to  recogn ise  and respond to  auto logous D re g io n  

a n tig e n s , presen t in  p e r ip h e ra l b lood , on monocytes and B 

c e l ls  (W inchester and Kunkel, 1979). The AMLR has been shown 

to  be dependent on the p roduc tion  o f  and response to  IL -2  

(P a lac io s  and M o lle r ,  1901). F o llow in g  i n i t i a l  re c o g n it io n  o f 

HLA-D re g io n  an tigens  by re s t in g  T c e l ls ,  both CD4+ and CD0+ 

lymphocytes are induced to  express IL -2  re c e p to rs  but on ly  CDA 

lymphocytes can secre te  IL -2  (Takada e t a l ,  1905). The f i r s t  

2-3 days o f  the  AMLR are be lie ved  to  r e s u lt  in  the  a c t iv a t io n  

o f  a t le a s t 2 T c e l l  p o p u la tio n s  ( i )  T c e l ls  which can 

cooperate w ith  B c e l ls  in  an tib ody  responses (V o lk  and 

D iam anstein, 1906), and which may belong to  the CDA+ UCHL1+ 

subpopu la tion  (B eve rley , 1907) ( i i )  T c e l ls  which can g ive  

he lp  fo r  the  a c t iv a t io n  o f suppressor c e l ls ,  which are the  

main fu n c t io n a l c e l l  type detected d u rin g  the  stage o f  maximal 

p r o l i f e r a t io n  in  the  AMLR ( F itz h a r r is  and K n ig h t, 1901). The 

human supp resso r-induce r T c e l l  subset has been ch a ra c te r is e d  

(Morimoto e t a l ,  1905) and evidence fo r  i t s  ro le  has been 

presented in  Chapter 2 .6 .2 .
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7 .1 .2  C lona l A n a lys is

G reater understand ing o f the AMLR has de rive d  from the  

gen e ra tion  o f  Class I I  MHC re a c t iv e  murine and human T c e l l  

c lo nes . Human clones have been ob ta ined  and grown in  serum 

fre e  medium and shown to  p r o l i fe r a te  in  response to  p u r i f ie d ,  

auto logous DR an tig e n  inco rpo ra ted  in to  liposom es (Coeshott e t 

a l ,  1986). Th is  evidence s tro n g ly  suggests th a t  auto logous 

r e a c t iv i t y  is  not s o le ly  due to  a r te fa c ts  such as xenogeneic 

serum o r sheep red blood c e l ls  (B re ts c h e r, 1986). Human c la ss  

I I  re a c t iv e  c lones have a lso  been ob ta ined  a f te r  (a ) in flu e n z a  

v iru s  im m unisation (b ) a llo g e n e ic  s t im u la t io n  in  v i t r o  ( T i lk in  

e t a l ,  1987). The clones generated in  these experim ents 

p ro l i fe ra te d  to  ep itopes o f DR m olecules and cou ld  be 

in h ib ite d  by monoclonal anti-D R  a n tib o d ie s . The DR ep itopes 

recogn ised by autologous re a c t iv e  c lones a ls o  fu n c tio n e d  as 

r e s t r ic t io n  elements fo r  in flu e n z a  v iru s  s p e c if ic  T c e l l  

c lo n e s . A u to re a c tive  T c e l ls  cou ld  th e re fo re  belong to  the  

an tig en  s p e c if ic  re p e r to ire  (F a h e rty , Johnson and Zunderer, 

1985) w ith  a h igh  a f f i n i t y  fo r  s e l f  MHC m olecu les, making them 

independent o f  nom inal a n tig e n .

7 .1 .3  Auto immunity

The AMLR rep resen ts  a u s e fu l assay in  autoimmune disease s ince  

i t  (a ) is  a measure o f c e l lu la r  c o -o p e ra tio n  (b ) a llo w s  the  

te s t in g  o f  fu n c t io n a l c e l ls  generated d u r in g  the  re a c t io n  (c ) 

a llow s  the  measurement o f IL -2  and IL -2  re c e p to r express ion  by 

T c e l ls  a c t iv a te d  in  the im m unoregulatory c i r c u i t  which 

comprises the  AMLR.
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S ig n i f ic a n t ly  reduced or absent AMLR p r o l i f e r a t iv e  responses 

o f  p e r ip h e ra l b lood T c e l ls  have been re p o rte d  in  autoimmune 

diseases such as SLE, RA and autoimmune th y ro id  disease (U olk 

and D iam anstein, 1986; Pope e t a l ,  1984; Canonica e t a l ,  

1984). There is  one re p o rt (Ransohoff and D ustoor, 1983) 

d e s c r ib in g  a d e fe c t iv e  AMLR p r o l i f e r a t iv e  response in  a group 

o f 8 a d u lt  PM/DM p a t ie n ts ,  but PBL from  JDM p a t ie n ts  have not 

been te s te d  fo r  t h e i r  AMLR responses. Sera from  p a t ie n ts  u i th  

SLE have been te s te d  fo r  i t s  e f fe c t  on the  AMLR o f  normal 

c e l ls  (Stephens e t a l ,  1982). Most SLE sera t o t a l l y

suppressed the  p r o l i f e r a t iv e  response. The e f fe c t  o f  SLE sera 

has been ascribed  to  anti-DR  a n tib o d ie s  p resen t in  the  sera

(Okudaira e t a l ,  1982). The e f fe c t  o f  JDM sera on the  AMLR o f

normal c e l ls  has not been examined.

7 .2  Experim enta l Design

This Chapter m i l l  describe  experim ents exam ining va rio u s

c h a ra c te r is t ic s  o f  the  AMLR in c lu d in g :

(a) the  ro le  o f  c e l l  surface  de te rm inan ts  on s t im u la to r  and 

responding c e l l  pop u la tio n s ;

(b) the  ro le  o f  B c e l ls  as s t im u la to rs ;

(c ) the  p rod u c tio n  o f and response to  IL -2 ,  be lie ved  to  be

c e n tra l to  the AMLR by most uo rke rs  (P a la c io s , 1982;

Takada e t a l ,  1985);

(d ) the  in d u c tio n  o f  fu n c t io n a lly  a c t iv e  suppressor c e l ls .

The responses o f  c e l ls  from normal c o n tro ls  and JDM p a t ie n ts  

w i l l  be compared accord ing to  the  above c r i t e r i a .
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7.3 E ffe c t o f  C o rtico s te ro id  Treatment

I d e a l ly ,  b lood should have been taken 2Ah a f te r  drug 

a d m in is tra tio n  in  o rder to  m inim ise the  e f fe c ts  o f  s te ro id  

trea tm en t on the  AMLR. Since p a t ie n ts  were being tre a te d  a t a 

d i f fe r e n t  ce n tre  th is  was not p o s s ib le . There is  no 

in fo rm a tio n  a v a ila b le  as to  the  p o s s ib le  e f fe c ts  o f  long term  

c o r t ic o s te ro id  therapy on the AMLR in  p a t ie n ts  w ith  rheum atic 

d iseases. S tud ies in  mice have shown th a t  the  responder c e l ls  

in  the  AMLR re s id e  in  the  c o r tis o n e  re s is ta n t  T - c e l l  

p o p u la tio n s  (Hahn e t a l ,  1980). In  one s tu d y , when 

p redn iso lone  (1D-20D n g /d l)  was added to  AMLR c u ltu re s  o f 

c e l ls  from normal a d u lt in d iv id u a ls ,  p r o l i f e r a t io n  o f 

responder T c e l ls  was s ig n i f ic a n t ly  reduced i f  monocyte 

de rived  c e l ls  were used as s t im u la to rs .  However, when B and 

n u l l  c e l ls  were used as the s t im u la to r  p o p u la tio n , as in  the 

experim ents described  in  th is  th e s is ,  the  AMLR was not 

a ffe c te d  (MacDermott and Stacey, 1901).

7 . A RESULTS

7.A .1 Time Course o f  the  AMLR

The k in e t ic s  o f the  p r o l i f e r a t iv e  response o f  c e l ls  from a 

normal c h i ld  and a JDM p a t ie n t,  c u ltu re d  in  serum from e ith e r  

the  p a t ie n t  o r the  c o n tro l,  were determ ined over 7 days (F ig  

7 .1 ) .  When p a t ie n t and normal c e l ls  were c u ltu re d  in  normal 

serum, p a t ie n t lymphocyte p r o l i f e r a t io n  was s ig n i f ic a n t ly  

low er (p <0.01) a t a l l  tim e p o in ts  te s te d . When serum from 

th is  p a t ie n t was s u b s titu te d  fo r  normal human serum in  the  

experim ent, the  p r o l i fe r a t io n  k in e t ic s  fo llo w e d  the  same tim e 

course, but reduced the maximum response by normal c e l ls  a t
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Fig 7.1

Time course o f  the  AMLR p r o l i fe r a t iv e  response o f  c e l ls  from a normal 
c h i ld  (l\IC) and a JDM p a t ie n t .  C e lls  were c u ltu re d  in  auto logous 
normal serum (c losed  symbols) o r autologous JDM serum (open sym bols).
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day 7 by 70%. The response o f au to logous p a t ie n t  lymphocytes 

was a b la te d . In  a s e r ie s  o f fu r th e r  experim ents, s im ila r  

r e s u lts  were ob ta ined (data not shown). In  no case was an 

e a r ly  o r b ip h a s ic  p r o l i f e r a t iv e  response o f  JDM c e l ls  

observed. The p r o l i fe r a t io n  k in e t ic s  o f  c e l ls  from normal 

a d u lt  donors a lso  fo llow e d  the  same tim e course , w ith  maximum 

p r o l i f e r a t io n  on day 7 (data not shown).

7. A. 2 E ffect of Antibodies to Lymphocyte Markets on the AMLR of 
Normal Cells

The e f fe c t  o f  adding MAb's, re co g n is in g  T and B c e l l  a n tig e n s , 

on the  response o f  normal a d u lt c e l ls  in  the  AMLR was examined 

(Table 7 .1 ) .  The a d d it io n  o f  an ti-D R  o r a n t i - I L - 2  re c e p to r 

a n tib o d ie s  a b la ted  the  p r o l i f e r a t iv e  response in  each 

experim ent. In h ib i t io n  o f the  responses (mean o f 3 

experim ents) when anti-CD3 was added was 95% and 89% fo r  the  2 

co n ce n tra tio n s  o f an tibody used. The mean in h ib i t io n  o f  the  

responses when anti-CDA, anti-CDB and a n t i- c la s s  I  were added 

were 76%, 58% and 60% re s p e c t iv e ly  fo r  the  h ig h e r

co n ce n tra tio n s  o f  a n tib o d ie s . These le v e ls  o f  in h ib i t io n  were 

s ig n i f ic a n t  (p < 0 .0 1 ) .

7 . A.3 Response of T Cells to E- and EBV Transformed Stimulator Cells

The p r o l i f e r a t iv e  responses o f  T c e l ls  from 12 JDM p a t ie n ts ,  6 

h e a lth y  c h ild re n  and 8 h ea lthy  a d u lts  was measured in  the  AMLR 

using  e ith e r  fre sh  p e r ip h e ra l b lood E- c e l ls  o r EBV/ 

transform ed B c e l l  l in e s  as the  s t im u la to r  c e l l  p o p u la tio n  

(Table 7 .2 ) .  The mean va lue  o f -  T in c o rp o ra tio n  fo r  

p a t ie n t T c e l ls  in  response to  au to logous E- c e l ls  was 

s ig n i f ic a n t ly  le ss  than th a t  g iven by responder c e l ls  from 

e ith e r  c o n tro l group (p < 0 .0 1 ). UJhen EBV transfo rm ed B c e l ls

132



Table 7 .1 .

Effect on the AMLR p ro life ra tiv e  response o f culturing normal adult 
c e lls  in  the presence of MAb's to lymphocyte markers.

H -  T INCORPORATION (CPM)

EXP 1 EXP 2 EXP 3

Medium Alone 5,516 + 530a 9,721 + 1,760 0,31 A + 87 A

+ DA 2 (1 / i  00 )b 157 + 15 117 + 25 151 + 15

(1/1000) 19A + 26 135 + 10 121 + 20

+ 2A1 (1 /100) 2,217 + 312 A ,310 + 5 A3 3,07 A + A07

(1/1000) A, 138 + A 27 7 ,38A + 1 ,12A 6,12A + 32A

+ A n ti-T a c (1 /1 0 ) 22A + 31 193 + 20 25A + A1

(1 /100) 305 + 65 20A + 2A 307 + 3A

+ UCHT1 (1 /1 0 ) 016 + 13A 2,312 + 526 A03 + 190

(1 /5 0 ) 1 ,7A0 + 190 5,710 + 631 903 + 69A

+ UCHTA (1 /1 0 ) 1,051 + 222 6, A6A + 290 1,507 + 685

(1 /5 0 ) A,18A + 637 7,932 + 1,080 2,723 + 821

+ MT310 (1 /1 0 ) 1,295 + 111 3,900 + A75 1, A07 + 907

(1 /5 0 ) 3 ,70A + 399 7,113 + 621 3,10A + 655

+ 2D1 (1 /1 0 ) 5,100 + 730 9,91 A + 037 0,181 + 907

(1 /5 0 ) A ,013 + 57 A 10,73A + 2,132 0,520 + 1 ,223

g

R esu lts  are expressed as the mean + 1SD.

k Monoclonal a n t ib o d ie s , a t the co n ce n tra tio n s  in d ic a te d , were added 
a t the  in i t i a t i o n  o f  the  c u ltu re  p e rio d .
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were used as the  s t im u la to r  p o p u la tio n , responder c e l ls  from 

a d u lt  c o n tro ls ,  c h i ld  c o n tro ls  and JDM p a t ie n ts ,  showed 

s ig n i f ic a n t ly  increased p r o l i f e r a t iv e  responses (p < 0 .0 5 ) ,  

a lthough  JDM T c e l ls  s t i l l  showed a s ig n i f ic a n t ly  low er mean 

va lue fo r  -  T in c o rp o ra tio n  than e i th e r  c o n tro l group (p < 

0 .0 5 ) . Flow cytom etry d id  not re v e a l any d if fe re n c e  between 

the numbers o f  DR an tigen  expressing E- c e l ls  and EBV lin e s  o f 

p a t ie n ts  and ch ildhood  c o n tro ls  (da ta  not shown).

7 .4 .4  AMLR P ro life ra tiv e  Responses of JDM Lymphocytes Cultured in  
Autologous and Normal Sera

The p r o l i f e r a t iv e  responses o f T c e l ls ,  s t im u la te d  by 

auto logous non-T c e l ls ,  from B JDM p a t ie n ts  are g iven  in  F ig . 

7 .2 . Three p a t ie n ts  were te s te d  on 2 separa te  occasions.

Two p a t ie n ts 's  c e l ls  gave no p r o l i f e r a t iv e  response in  the  

AMLR. These p a t ie n ts  (F ig  7.2A) (Sid, l\IC), te s te d  a t the  tim e 

o f d ia g n o s is , were un tre a te d . P a tie n t TC's c e l ls  (F ig  7.2B) 

made no p r o l i f e r a t iv e  response in  the  f i r s t  AMLR assay (TC1) 

and a poor response (S I 2 .8 ) on re te s t in g  3 months la te r  

(TC2). The p a t ie n t was not re c e iv in g  drugs a t the  tim e o f  the 

f i r s t  assay but was re c e iv in g  p redn iso lone  (7 mg/day) when 

re te s te d . P a tie n t JK 's  c e l ls  (F ig  7.2C) made a moderate 

p r o l i f e r a t iv e  response a t the  f i r s t  te s t  (JK1) (S I 5 .0 ) but no 

response on re te s t in g  3 months la te r  (J K 2 ). When f i r s t  te s te d  

t h is  p a t ie n t had begun trea tm ent w ith  a z a th io p r in e  but when 

re te s te d  she was u n tre a te d . P a tie n t P0 (F ig .  7.2D) was te s te d  

on 2 occasions, 2 months apa rt and was re c e iv in g  p redn iso lone  

(20 mg on a lte rn a te  days) a t the tim e  o f  both assays (PB1, 

PD2). Her T c e l ls  made a moderate p r o l i f e r a t iv e  response (S I
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6. A) a t both assays. P a tie n ts  HM, KA and LM's c e l ls  (F ig  

7.2E) gave p r o l i f e r a t iv e  responses w ith  SI 1 5 .A, 7.1 and A.B 

re s p e c t iv e ly .  HM was being tre a te d  w ith  15 mg p redn iso lone  

d a i ly ,  KA w ith  2 mg predn iso lone d a i ly  and LM w ith  10 mg 

p redn iso lone  on a lte rn a te  days a t the  tim e the  assays were

perform ed. Two p a t ie n ts 's  c e l ls  (HM and PD2) gave

s ig n i f ic a n t ly  reduced p r o l i f e r a t iv e  responses (p < 0 .01 ) when 

c u ltu re d  in  auto logous compared to  normal a d u lt  serum. The

data on un trea ted  p a tie n ts  and p a t ie n ts  te s te d  on separa te

occasions in d ic a te d  th a t  the responses o f  p a t ie n t  c e l ls  cou ld  

not be exp la ined  as a re s u lt  o f  c o r t ic o s te ro id  tre a tm e n t.

7 . A.5 Effects of C ytophillic  Antibodies

The p o s s ib i l i t y  th a t  c y to p h i l l ic  a n tib o d ie s  m ight have bound 

to  JDM lymphocytes and in h ib ite d  the  AMLR was examined. 

In cu b a tio n  o f JDM c e l ls  fo r  1h o r 0/N a t 37°C, in  10% normal 

serum, d id  not s ig n i f ic a n t ly  a f fe c t  the  p r o l i f e r a t iv e  

responses o f  JDM c e l ls  (data not shown), suggesting  th a t  

membrane bound a n tib o d ie s  d id  not c o n tr ib u te  to  the  d e fe c t iv e  

AMLR.

7 . A.6 Response of Normal T Cells to Allogeneic Normal or JDM Non-T 
Cells

A s e r ie s  o f  mixed lymphocyte re a c tio n s  p rov ided  in fo rm a tio n  on 

the  a b i l i t y  o f  normal a d u lt T c e l ls  to  respond to  a llo g e n e ic  

normal and JDM non-T c e l ls  from 3 normal a d u lts  and A p a t ie n ts  

(Table 7 .3 ) .  There was no s ig n if ic a n t  d if fe re n c e  between mean 

le v e ls  o f  response to  normal compared to  JDM non-T c e l ls .
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7. A.7 Production o f IL -2  by JDM C e lls  in  the  AMLR

S e cre tio n  o f  IL -2 ,  in  the AMLR, was measured fo r  c e l ls  from  3 

normal a d u lts  and 3 JDM p a t ie n ts .

IL -2  p ro d u c tio n  by JDM c e l ls ,  was g re a t ly  reduced compared 

w ith  normal a d u lt  c e l ls  (Table 7 .A ). In  2 /3  experim ents, the  

le v e ls  o f  IL -2  generated in  the AMLR by JDM c e l ls  was the  same 

as th a t  o f  E+ c e l ls  a lone. The normal a d u lt  c e l ls  in  

experim ent 2 had a very h igh background ^H-T in c o rp o ra tio n  and 

IL -2  p ro d u c tio n . Th is  person mas subsequently  found to  have 

been s u f fe r in g  from  u v e it is  a t the tim e b lood mas taken . IL -2  

a c t iv i t y  in  supernatants  re f le c te d  the  p r o l i f e r a t iv e  response 

o f  c u ltu re s  o f normal and JDM c e l ls ,  suggesting  th a t  f a i lu r e  

to  d e te c t IL -2  a c t iv i t y  in  JDM c u ltu re s  d id  not s im p ly  r e f le c t  

a b so rp tio n  o f fre e  lymphokine to  a c t iv a te d  c e l ls .  P a tie n ts  LM 

and JK mere re c e iv in g  predn iso lone ( < 1  m g/Kg/day), w h ile  

p a t ie n t HM was u n tre a te d .

7. A. 8 Phenotypes of Cells Expressing IL -2  Receptors in  the AMLR

The phenotypes and p ro p o rtio n  o f T c e l ls  express ing  IL -2  

re ce p to rs  (CD 25) a f te r  3 and 7 days o f  c u ltu re  in  the  AMLR 

were determ ined (Table 7 .5 ) .  Experiment 1 showed th a t  30% o f  

normal c h i ld  CD3+ c e l ls  expressed CD 25 a f te r  c u ltu re  fo r  3 

days in  the  AMLR. Experiments 2 and 3 showed th a t  30% and 22% 

re s p e c t iv e ly  o f  normal c h i ld  CDA+ c e l ls  expressed CD 25 a f te r  

c u ltu re  in  the  AMLR fo r  3 days. The p ro p o rt io n  o f  normal 

c h i ld  T c e l ls  expressing  CDA5R increased  a f te r  3 days c u ltu re  

in  the  AMLR and CD 25 expression on these c e l ls  a f te r  3 days 

v a r ie d  from  35 to  50%. A du lt c o n tro l T c e l ls  showed s im ila r  

phenotyp ic changes to  ch ildhood c o n t ro l T c e l ls  in  the  AMLR.
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TABLE 7 .2 .

P r o l i f e r a t iv e  responses o f  T -c e lls  from  c o n tro l in d iv id u a ls  and JDM 
p a t ie n ts  to  s t im u la t io n  u i th  auto logous E -c e lls  and EBV transfo rm ed B- 
c e l l  l in e s  (E B V -tf) .

STIMULATOR CELLS 

N E- EB V-tf

ADULTS 0 7 ,6 2 6 +  9,555a 1 2 ,8 2 2 + 1 1 ,3 2 9

CHILDREN 6 11,986 + 1 0 ,A83 1 9 ,B06 + 12,107

JDM PATIENTS 12 1,833 + 2,573 5,114 + 6,570

a R esu lts  are expressed as mean cpm + SD o f  3H-Thymidine in c o rp o ra tio n ,

TABLE 7 .3 .

P r o l i f e r a t iv e  responses o f  T c e l ls  from  norm al a d u lt  donors to  
a llo g e n e ic  non-T c e l ls  from  normal a d u lts  and JDM p a t ie n ts 8

E- DRb E+ DR 3H -  T INC0RP0RATII 
(CPM)

~ N *♦,5 N 1,2 70,034 + 6,819

JDM 3 ,A N 1,2 65,381 + 10,327

N 4,5 N - 51,775 + 7,82ft

JDM 3 N - VI ,919 + A, 380

“ N 3, A N 1,2 75,921 + 6,842

JDM 3, 4 N 1,2 89,755 + 9,304

_JDM 2,3 N 1,2 57,138 + 6,131

~~N 1,2 N 4,5 50,865 + 8,312

JDM 2,3 N 4,5 61,903 + 8,194

JDM 3,6 N 4,5 41,38 A + 3,119

1 X
5

10 normal (N) o r JDM E- c e l ls  co c u ltu re d  w ith  1 x 105
E+ c e l ls .  P r o l i f e r a t iv e  responses were measured a f te r  5 days 

DR types o f  normals and p a tie n ts  are g iven where known.
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Table 7 .1 * .

EXP. 1

NORMAL

LM

EXP. 2

NORMAL

HM

EXP. 3

NORMAL

JK

'□ duc tion  o f  IL -2  by JDM C e lls  in  th e  AMLR

IL -2  PRODUCTION3 3h- t  incorpo ratii

(U /m l) (CPM)

3 DAYS 5 DAYS 7 DAYS

E+ A 5 1,363 + 17B

AMLR BD BB 21,B16 + 1,017

E+ 6 5 2,005 + 313

AMLR 2 6 3,1A2 + 2B7

E+ AO AA 12,3A7 + BA9

AMLR BA 96 AO,251 + 1,725

E+ <2 <2 23B + A3

AMLR <2 <2 A71 + 99

E+ <2 <2 A7A + 50

AMLR B 10 3,129 + 315

E+ <2 <2 A25 + A2

AMLR A A 1,223 + 1B7

a Supernatant a l iq u o ts  from c o n tro l and AMLR c u ltu re s  mere harvested 
a t days 3 and 5 and IL -2  c o n ce n tra tio n  measured by s t im u la t io n  o f  
PHA b la s ts  and in te rp o la t io n  on a standard cu rve .

b T c e l l  p r o l i f e r a t io n  o f  c o n tro l and AMLR c u ltu re s  mere measured a t 
day 7.
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The re s u lts  showed some increase in  number o f  CDA+ and CDA5R+ 

JDM T c e l ls  express ing  CD 25 a f te r  3 days c u ltu re  in  the  

AMLR, but t h is  increase was fa r  le s s  than fo r  normal c e l ls .  

There was a marked increase in  normal CD0+ c e l ls  by day 7 o f 

the  AMLR and 16 to  2A% o f these c e l ls  expressed CD 25. In  

c o n tra s t,  the  5 p a tie n ts  te s te d  showed o n ly  m in im al increases 

in  the  p ro p o rt io n  o f  CD8+ c e l ls  and o n ly  in  experim ent 3 was 

th e re  any increase  in  CD 25 express ion  by CDS c e l ls  in  the 

AMLR c u ltu re  compared to  c o n tro l T c e l ls .  JDM p a t ie n ts  in  

experim ents 1 and 2 were u n tre a te d . In  experim ents 3-5 

p a t ie n ts  were re c e iv in g  predn iso lone  (<D .5m g/Kg/day).

7 . A.9 E ffect of Adding IL -2  and Indomethacin to the AMLR of Normal 
Adult and JDM Cells

The a d d it io n  o f  indom ethacin a t a c o n c e n tra tio n  (1ug /m l) 

p re v io u s ly  shown to  in h ib i t  PGE  ̂ p ro d u c tio n  in  v i t r o ,  (S ta ite  

e t a l ,  19B2) had no s ig n if ic a n t  e f fe c t  on the  response o f 

c e l ls  from  6 normal a d u lts  (F ig  7 .3 A ), A normal c h ild re n  (F ig  

7.3B) and 6 JDM p a t ie n ts  (F ig  7 .3C ). The a d d it io n  o f  IL -2  

gave dose-dependent increases in  the  responses o f  c e l ls  from 

c o n tro ls  and p a t ie n ts  (F ig  7 .3 ) ,  a lthough  the  mean responses 

o f  normal c e l ls  in  the  presence o f  IL -2  was s t i l l  

s ig n i f ic a n t ly  g re a te r than th a t  o f  JDM c e l ls  in  IL -2  (p< 

0 .0 1 ) . Responses o f  E+ c e l ls  c u ltu re d  a lone in  the  presence 

o r absence o f IL -2  were sub trac ted  from  the  r e s u lts .
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Table 7 .5 .  IL -2  re c e p to r expression on lymphocyte subsets d u rin g  the  AMLR 
by c e l ls  from 3 normal c h ild re n , 2 normal a d u lts  and 5 JDM p a t ie n ts .

3 DAYS 7 DAYS
r

CD3 CD4
I

CD45R CDB

-  E+ 95a ( 1 )b 63 (1) 25 ( 1) 40 ( 1)
NORMAL
CHILD -  AMLR 95 (30) 65(46) 45(35) 65(20)

EXPT. 1
-  E+ 92 ( 1) 74 (1) 26 ( 1) 20 (5)

JDM
-  AMLR 94 (8) 76 (3) 39 (6) 33 (6)

E+ ND 75 (7) 40 (5) 27 (2)
NORMAL
CHILD AMLR ND 60(50) 52(50) 56(24)

EXPT. 2
E+ ND 68 (3) 35 (1) 25 ( 1)

JDM
AMLR ND 65 (5) 38 (3) 35( 1)

E+ ND 64 (3) 20 (5) 32 (5)
NORMAL
CHILD AMLR ND 64(35) 38(36) 58(16)

EXPT. 3
E+ ND 70( 1) 30 ( 1) 28 (5)

JDM
AMLR ND 64 (8) 34(10) 33(10)

NORMAL E+ 95 (1) 61 (1) 28 ( 1) 34 (1)
ADULT

EXPT. 4 AMLR 95(33) 64(45) 37(65) 59(24)

JDM E+ 96 (1) 69 (1) 31 (1) 22 (1)

AMLR 93 (4) 69 (1) 35 (1) 24 (1)

NORMAL E+ ND 60 (2) 34 (1) 36 (2)
ADULT

EXPT. 5
AMLR ND 64(50) 42(44) 58(20)

JDM E+ ND 69 (3) 27 (3) 27 ( 1)

AMLR ND 73 (6) 28 (4) 29 ( 1)

a F igures rep resen t percentage o f c e l ls  express ing  the  designated m arker. 
C e lls  were harvested a f te r  3 days or 7days c u ltu re .  Expression o f  CD3, 
CD4 and CD45R uere determined a f te r  3 days c u l tu r e ,  CDB express ion  
a f te r  7 days.

b F igures in  pa ren the s is  represent the  percentage o f  c e l ls  expressing  
the  designa ted marker uhich coexpressed CD25.
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7.4 .10  Generation o f  Suppressor C e lls  in  the  AMLR

Experiments were undertaken to  in v e s t ig a te  the  gen e ra tion  o f 

fu n c t io n a lly  a c t iv e  suppressor c e l ls  d u rin g  the  AMLR (F ig  

7 . A ). T c e l ls  uere harvested a t day 7 from  c u ltu re s  o f  normal 

ch ildhood  and JDM c e l ls .  These c e l ls  uere then added to  

auto logous B c e l ls  which had been c u ltu re d  fo r  7 days in  the  

presence o f  EBU. IgM p roduc tion  was then measured a f te r  a 

fu r th e r  7 days c u ltu re .  T c e l ls  generated d u rin g  the  AMLR o f  

c e l ls  from 3 normal c h ild re n , 1 te s te d  on 2 separa te  

occas ions, in h ib ite d  IgM p rodu c tion  by a mean o f  42% (range 

35-48%). The a d d it io n  o f IL -2  (50U/m l) to  the  AMLR increased 

the  suppressive  e f fe c t  o f normal ch ildhood  T c e l ls  on IgM 

p ro d u c tio n  to  63% (range 55-70%). IgM p ro d u c tio n  was 

s ig n i f ic a n t ly  reduced (p< 0.01) when normal T c e l ls ,  generated 

in  the  AMLR in  the presence o r absence o f  IL -2 ,  were 

co c u ltu re d  w ith  B c e l ls  compared w ith  B c e l ls  c u ltu re d  alone 

o r w ith  B c e l ls  c u ltu re d  w ith  c o n tro l T c e l ls .  F u n c tio n a lly  

a c t iv e  suppressor c e l ls  were not generated d u rin g  the  AMLR o f  

c e l ls  from 4 JDM p a tie n ts  (F ig  7 .4 ) ,  one o f  whom (GH) was 

un tre a te d  a t the  tim e o f te s t in g .  The a d d it io n  o f  IL -2  to  the  

AMLR, a lthough in c re a s in g  p r o l i f e r a t io n  o f  T c e l ls  from  JDM 

p a t ie n ts  (F ig . 7 .3 ) ,  had no e f fe c t  on suppressor c e l l  

g e n e ra tio n . Two out o f  4 JDM p a t ie n ts  te s te d  had serum a n t i 

bodies to  EBU v i r a l  capsid an tigens ( V/CA) (Dr D C raw ford, UCH).

142



3-
H

-T
 

IN
CO

RP
O

RA
TI

O
N 

(C
PM

) 
5-

H-
T 

IN
CO

RP
O

RA
TI

O
N 

(C
PM

) 
3-

H
-T

 
IN

CO
RP

O
RA

TI
O

N 
(C

PM

5 0000  -

4 0000  -

3 0000  -

20000  -

10000

MEDIUM 
INDOMETHACIN 
1L-2( lO U /m l) 
IL -2(50U / ml) 
IL -2 (25 0U /m l)

50000

4 00 00  -

3 00 00  -

20000  -

10000 -

MEDIUM 
INDOMETHACIN 
IL -2( lO U /m l) 
IL -2 (50 U /m l) 
IL -2 (25 0U /m l)

5 00 00  - 

4 00 00  - 

3 00 00  - 

20000  -  

10000 -  

0 -

0

MEDIUM 
INDOMETHACIN 
IL—2( 1OU/ml) 
IL -2(50U /m 1) 
IL -2 (25 0U /m l)
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Figure 7.fr, ,
E ffe c t  on IgM p rodu c tion  by EBV in fe c te d  B c e l ls  (5 x 10 ) o f  
c o g u ltu re  w ith  c o n tro l o r AMLR generated auto logous T c e l ls  (1 .5  x 
10 ) from  3 normal c h ild re n  (IMC1-3) and k JDM p a t ie n ts .  T c e l ls  were 
harvested  from c o n tro l and AMLR c u ltu re s  a f te r  7 days and then 
c o c u ltu re d  w ith  EBV in fe c te d  B c e l ls .  IgM p ro d u c tio n  was measured 
a f te r  7 days. (A) B c e l ls  alone (B) B c e l ls  + T c e l ls  from c o n tro l 
c u ltu re s  to  which IL -2  (50 U/m l) had been added (C) B c e l ls  + T c e l ls  
from  AMLR c u ltu re s  (D) B c e l ls  + T c e l ls  from  AMLR c u ltu re s  to  which 
IL -2  (50 U /m l) had been added.
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7.5 D iscussion

Time course experim ents showed th a t the  p r o l i f e r a t iv e  response 

k in e t ic s  in  the  AMLR were the same fo r  normal and JDM c e l ls .  

An e a r ly  o r b ip h a s ic  response has been described  fo r  c e l ls  

from scleroderm a p a tie n ts  in  the  AMLR (A la rco n -S e g o v ia , 

A lco ce r-V a re la  and Diaz-Jouanen, 1986). One in te r p r e ta t io n  o f 

these re s u lts  cou ld  be th a t scleroderm a p a t ie n ts  possess a 

p o p u la tio n  o f ir i  v iv o  a c tiv a te d  AMLR re a c t iv e  T c e l ls ,  not 

p resen t in  the p e r ip h e ra l blood o f JDM p a t ie n ts .  '

Anti-C D3, CD4, CDB, DR and a n t i- c la s s  I  a n tib o d ie s  a l l

s ig n i f ic a n t ly  in h ib ite d  the p r o l i f e r a t iv e  responses o f  normal 

c e l ls  in  the  AMLR (Table 7 .1 ) .  The e f fe c ts  o f  these

a n tib o d ie s  suggested th a t the re c o g n it io n  s tru c tu re s  presen t 

on and necessary fo r  a c t iv a t io n  and p r o l i f e r a t io n  o f

auto logous re a c t iv e  T c e l ls  are the  same as those fo r  a n tig e n - 

s p e c if ic  T c e l ls .  In h ib i t io n  o f  the  AMLR by anti-C D 8

a n tib o d ie s  was a lso  noted by Romain e t a l  (1984), who showed 

th a t  CD8+ as w e ll as CD4+ lymphocytes cou ld  p r o l i fe r a te  in  

response to  auto logous s t im u la t io n .  I n h ib i t io n  o f the  

responses by a n t i- c la s s  I  a n tib o d ie s  in d ic a te d  th a t  CD8+ c e l ls  

were responding to  ep itopes presented in  the  co n te x t o f  c la ss  

I  an tigens  (Ch 2 .6 .4 ) .  Anti-CD25 s ig n i f ic a n t ly  in h ib ite d  the  

p r o l i f e r a t iv e  response o f  normal c e l ls  in  the  AMLR. Th is  

r e s u lt  and the  d e te c tio n  o f  IL -2  secre ted  by AMLR re a c t iv e  

normal c e l ls  (Table 7 .4 ) ,  support the  IL -2  dependency o f  the  

AMLR.
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T c e l ls  from JDM p a tie n ts  as w e ll as normal c o n tro ls  gave 

s ig n i f ic a n t ly  enhanced responses to  EBU transfo rm ed c e l ls  

compared to  fre s h  E- c e l ls .  EBU transfo rm ed c e l ls  have been 

shown to  induce e q u iva le n t p r o l i f e r a t iv e  responses o f  norm al, 

auto logous T c e l ls  from UCA p o s it iv e  and nega tive  donors 

(K o n ttin e n , B lu e s te in  and Z v a if le r ,  19B5), in d ic a t in g  th a t 

responses were probably not due to  re c o g n it io n  o f  v i r a l l y  

encoded a n tig e n s .

Expression o f  DR an tigens was increased on EBU transform ed 

compared to  auto logous E- c e l ls .  P r o l i f e r a t iv e  response in  

the  AMLR has been shown to  c o r re la te  w ith  DR a n tig e n  d e n s ity  

on s t im u la to r  c e l ls  (P a la c io s , 19B2). There fo re  i t  was 

p a s s ib le  th a t  increased expression o f  c la s s  I I  de te rm inan ts  

a f te r  EBU tra n s fo rm a tio n  enhanced the  p r o l i f e r a t iv e  response. 

However, some authors have been unable to  dem onstrate a 

c o r re la t io n  between c lass  I I  express ion  on s t im u la to r  c e l ls  

and p r o l i f e r a t iv e  response in  the AMLR (Crow and Kunkel, 19B5; 

Duke-Cohan e t a l ,  19B7). Duke-Cohan e t a l (19B7) have 

suggested th a t  s o lu b le  fa c to rs  secre ted  by s t im u la to r  c e l ls  

may induce p r o l i fe r a t io n  in  the AMLR. I t  is  th e re fo re  

p o s s ib le  th a t  lymphokines secreted by EBU transfo rm ed c e l ls  

may c o n tr ib u te  to  enhanced T c e l l  responses.

T c e l ls  from  JDM p a tie n ts  gave s ig n i f ic a n t ly  low er 

p r o l i f e r a t io n  than T c e l ls  from normal a d u lts  o r c h ild re n  in  

response to  (a ) fre s h  autologous E- c e l ls  (b ) EBU transfo rm ed 

auto logous B c e l ls .
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A b n o rm a litie s  w ith in  the s t im u la to r  o r responder c e l l  

p o p u la tio n s  cou ld  have c o n tr ib u te d  to  the  d e fe c t iv e  

p r o l i f e r a t iv e  response by JDM T c e l ls  in  the  AMLR. Two pieces 

o f  evidence suggested th a t JDM s t im u la to r  c e l ls  were not 

d e fe c t iv e :

(a ) th e re  was no d iffe re n c e  in  express ion  o f DR an tigens  on 

JDM compared to  normal E- c e l ls  o r EBV/ transfo rm ed c e l ls ;

(b ) the  p r o l i f e r a t iv e  responses o f normal T c e l ls  to  

a llo g e n e ic  JDM non-T c e l ls  and to  a llo g e n e ic  normal non-T 

c e l ls  were not s ig n i f ic a n t ly  d i f f e r e n t .

Furtherm ore, the  a d d it io n  o f indom ethacin to  AMLR c u ltu re s  had 

no e f fe c t  on the  response o f JDM T c e l ls  in d ic a t in g  th a t 

p ro s ta g la n d in s  secreted by con tam ina ting  monocytes were not 

in h ib i t in g  p r o l i f e r a t io n .

T h e re fo re , s ince  T. c e l ls  appeared to  be im p lic a te d  in  the  

d e fe c t iv e  AMLR, the  phenotypes o f  normal and JDM T c e l ls  

generated du rin g  the  AMLR were examined. A h igh  percentage o f  

normal CD4+ and CD45R+ T c e l ls ,  up to  50%, expressed CD25 

a f te r  auto logous s t im u la t io n . A s im ila r  p ro p o rt io n  o f CD4+ 

normal T c e l ls ,  expressing CD25 d u rin g  the  AMLR, has been 

re p o rte d  (Takada e t a l ,  19B5). An expansion o f  CDB+ c e l ls  was 

a lso  observed. One group (Goto and Z v a i f le r ,  1903) has 

re p o rte d  f in d in g  no change in  CD4/CDB r a t io s  d u rin g  the  AMLR. 

However, the  c o n d itio n s  used by these au tho rs  d i f fe re d  from 

those in  t h is  th e s is ,  in c lu d in g  us ing  a 1:1 r a t io  o f  E+ to  E- 

c e l ls  and c u ltu r in g  in  20% auto logous plasma. Furtherm ore, 

s ince  CD0+ T suppressor c e l ls  have been shown to  be generated
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in  the  AMLR (Gatenby and Engleman, 1906), suppression o f  

p r o l i f e r a t io n  o f CD4+ T c e l ls  is  not unexpected. R ich, 

ElMasry and Fox (1906) have a lso  observed feedback suppression 

o f CD4+ T c e l ls  by au to logous, a c t iv a te d  CD0+ T suppressor 

c e l l s .

The re s u lts  in d ic a te d  the r e la t iv e  f a i lu r e  o f  T c e l ls  from JDM 

p a t ie n ts  express CD25 and o f CD0+ T c e l ls  to  p r o l i f e r a te .  

D e fe c tive  IL -2  re ce p to r expression  was assoc ia ted  w ith  

s ig n i f ic a n t ly  reduced IL -2  p rod u c tio n  by JDM c e l ls  d u rin g  the 

AMLR. CD4+ T c e l ls  from SLE p a t ie n ts  have a ls o  been re po rte d  

to  show s ig n i f ic a n t ly  reduced IL -2  re c e p to r express ion  and IL -  

2 p ro d u c tio n  d u rin g  the  AMLR (Takada e t a l ,  1905). These 

a b n o rm a lit ie s  uere im p lic a te d  as causes o f  the  d e fe c t iv e  

p r o l i f e r a t iv e  response o f CD0+ T c e l ls ,  which cou ld  be 

co rre c te d  by the  a d d it io n  o f exogenous IL -2  to  c u ltu re s .  In  

c o n tra s t,  the  a d d it io n  o f IL -2  to  JDM c e l ls  on ly  p a r t ia l ly  

reversed the  d e fe c t iv e  p r o l i f e r a t iv e  response, s ince  the  

response was s t i l l  s ig n i f ic a n t ly  le s s  than th a t  o f  normal 

c e l ls  in  the  presence o f IL -2 .

In  the  AMLR o f  PBL from normal c h i ld re n ,  T c e l ls  were 

generated which cou ld  d i r e c t ly  suppress Ig  p ro d u c tio n  by EBU 

in fe c te d  auto logous B c e l ls .  Th is was u n l ik e ly  to  be due to  

EBU s p e c if ic  c y to to x ic  T c e l ls  as such c e l ls  are not de tected  

in  the  f i r s t  7 days o f  c o cu ltu re  w ith  EBU in fe c te d  auto logous 

B c e l ls  (K o n ttin e n , B lu e s te in  and Z v a i f le r ,  1905).

A t r i v i a l  e xp la n a tio n , th a t T c e l ls  were competing w ith  EBU 

in fe c te d  B c e l ls  fo r  n u tr ie n ts  was in v e s tig a te d .
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Replenishment o f  medium during  the  assay had no e f fe c t  on 

le v e ls  o f  suppression a tta in e d  (data no t shown). I t  was a lso  

u n l ik e ly  th a t suppression was due to  co m p e tit io n  fo r  IL -2  

(P a lac io s  and M a ile r ,  1901) as EBU in fe c te d  B c e l ls  as d id  not 

express CD25 (da ta  not shown) and th e re fo re  cou ld  no t u t i l i s e  

IL -2  as a growth fa c to r .  The a d d it io n  o f  IL -2  to  the AMLR 

increased the potency o f  suppressor c e l ls  induced in  the

response. Th is  r e s u lt  was in  agreement w ith  th a t  o f  Uolk and

D iam anstein (1906) and in d ic a te d  th a t  gen e ra tio n  o f  T 

suppressor c e l ls  as w e ll as T c e l l  p r o l i f e r a t io n  in  the AMLR 

was IL -2  dependent.

C e lls  from JDM p a t ie n ts  generated d u rin g  the  AMLR fa i le d  to  

induce suppression o f  EBU induced a n tib ody  p ro d u c tio n , 

suggesting  d e fe c ts  o f  suppressor T c e l l  g e n e ra tio n . Another 

p o s s ib i l i t y  was th a t  JDM B c e l ls  were d e fe c t iv e  in  t h e i r  

response to  suppressor T c e l ls .  Th is  was u n l ik e ly  as p a t ie n t  

B c e l ls  were capable o f responding to  normal T c e l ls  (Ch.

6 .3 .6 ) .  Tsokos, Magrath and Balow (1903) showed th a t  Ig  

p ro d u c tio n  by EBU transform ed normal and SLE B c e l ls  cou ld  be

suppressed by normal T c e l ls  and suggested th a t  SLE B c e l ls

were th e re fo re  capable o f  re c e iv in g  re g u la to ry  s ig n a ls .

The a d d it io n  o f  IL -2  to  JDM AMLR c u ltu re s  d id  not a llo w  the 

gen e ra tion  o f suppressor c e l ls  in  the  AMLR. T h e re fo re ,

a lthough IL -2  cou ld  p a r t ia l ly  re s to re  the  p r o l i f e r a t iv e

response o f  JDM c e l ls ,  i t  had no e f fe c t  on suppressor c e l l

g e n e ra tio n . Th is c o n tra s ts  w ith  the  re p o rte d  re s to ra t io n  o f 

suppressor c e l l  a c t iv a t io n  by a d d it io n  o f  IL -2  to  the  AMLR o f  

SLE c e l ls  (Uolk and D iam anstein, 1906). I t  was p o ss ib le  th a t



growth fa c to rs  o th e r than IL -2 , were re q u ire d  fo r  the 

g e n e ra tion  o f a c t iv a te d  T suppressor c e l ls ,  (R ich , ElMasry and 

Fox, 1907). Lack o f such fa c to r  p ro d u c tio n  by JDM CDA+ T 

c e l ls  m ight e x p la in  the f a i lu r e  to  generate fu n c t io n a l 

suppressor c e l ls  even in  the presence o f  IL -2 .

I t  cou ld  not be excluded th a t suppressor c e l ls  presen t in  JDM 

T c e l l  p o p u la tio n s  were in h ib i t in g  the  AMLR. F ra c t io n a tio n  o f 

PBL in to  CDA+ and CD0+ c e l ls  would a llo w  exam ination  o f  the  2 

c e l l  p o p u la tio n s 's  a b i l i t y  to  respond to  au to logous an tigens  

in  the  presence and absence o f  IL -2 .

7 .6  Conclusion

These experim ents demonstrated the  in a b i l i t y  o f  T c e l l  sub

p o p u la tio n s  from  JDM p a tie n ts  to  cooperate in  the  a c t iv a t io n  

o f  re g u la to ry  T c e l ls .  A lthough CDA+ T c e l ls  f a i le d  to  

respond to  auto logous s t im u la t io n  by the  s e c re t io n  o f  IL -2  and 

the  in d u c tio n  o f IL -2  re ce p to rs , la c k  o f  suppressor c e l l  

a c t iv a t io n  cou ld  no t be ascribed  s o le ly  to  in s u f f ic ie n c y  o f 

IL -2 .

The in h ib i to r y  e f fe c ts  o f  sera from JDM p a t ie n ts  suggested the  

p o s s ib i l i t y  o f  a host response to  au to im m unity , an a ttem pt to  

dow n-regu la te  the  immune response. The c h a ra c te r is t ic s  o f  

serum in h ib i t o r y  fa c to r ( s )  are presented in  the  fo llo w in g  2 

c h a p te rs .
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CHAPTER B

0 .0  THE IMMUMOSUPPRESSIUE EFFECTS OF SERA FROM PATIENTS lilITH JDM

B.1 In tro d u c t io n  and Experim enta l Design

I n i t i a l  experim ents showed th a t JDM sera reduced the

p r o l i f e r a t iv e  responses o f normal ch ildh ood  lym phocytes in  the  

AMLR (Ch 7 .^ .1 ) .  The experim ents described  in  t h is  chap te r 

were conducted to  determ ine whether the  e f fe c t  o f  sera (a ) was 

re p ro d u c ib le  (b ) was due to  a llo g e n e ic  suppression (c )  a lte re d  

p ro d u c tio n  o f  and responses to  IL -2  (d) induced phenotyp ic

changes in  c e l ls  generated du ring  the  AMLR.

Q.2 RESULTS

Q.2.1 E f fe c t  o f  JDM Sera on P r o l i fe ra t io n  in  th e  AMLR

LJhen c e l ls  from  5 normal a d u lt donors were c u ltu re d  in  sera 

from  16 JDM p a t ie n ts ,  p r o l i f e r a t iv e  responses in  the  AMLR were 

s ig n i f ic a n t ly  reduced (p <D.D5) compared to  c u ltu re  in  sera 

from 6 normal c h ild re n  (data not shown). F ive  re p re s e n ta tiv e  

sera were chosen and the  e f fe c t  on the  AMLR o f  c u ltu r in g  c e l ls  

from A d i f f e r e n t  normal a d u lt donors examined (Table 8 .1 ) .

The mean le v e l o f  in h ib i t io n  induced by each o f  these 5 sera 

was s ig n i f ic a n t  a t the 1% le v e l.  Comparison o f DR types o f 

JDM serum donors and normal lymphocyte donors showed th a t  the  

degree o f  in h ib i t io n  o f the p r o l i f e r a t iv e  response was not 

re la te d  to  possession o f any p a r t ic u la r  hap lo type  by serum and 

lym phocyte donors (data not shown). The p o s s ib le  presence o f 

p redn iso lone  in  sera a t the tim e o f  te s t in g  cou ld  not be 

excluded as c o n tr ib u t in g  to  in h ib i t io n  a lthough  i t  was 

s ig n i f ic a n t  th a t  3 p a tie n ts  were not re c e iv in g  drug the rapy a t
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the  tim e serum was ob ta ined . T h e re fo re , the  immunosuppressive 

e f fe c t  o f  JDM sera on the AMLR were re p ro d u c ib le .

TABLE B .1 .

E f fe c t  on the  AMLR o f  c u l tu r in g  c e l ls
from  4 normal a d u lt  donors in  JDM sera

Predn iso lone % I n h ib i t io n  o f  AMLR
Serum Donors Therapy P r o l i f e r a t iv e  Response

PD 5 mg d a i ly 71 (55 -  96 )a

JK 10 mg d a i ly k l  (30 -  69)

GH U ntreated 53 (A1 -  75)

HM U ntreated 65 (A6 -  01)

NC U ntreated 60 (AA -  9A)

Mean in h ib i to r y  e f fe c t  and range fo r  each JDM serum te s te d  
compared to  c u ltu re  in  normal serum.

0 .2 .2  E f fe c t  o f  C u ltu r in g  Normal A d u lt C e lls  in  A llo g e n e ic  Normal and 
C hildhood Disease C o n tro l Sera

P re lim in a ry  experim ents showed th a t  p r o l i f e r a t iv e  responses o f 

normal c e l ls  va rie d  when a llo g e n e ic  normal sera were 

s u b s t itu te d  fo r  autologous serum in  the  AMLR. I t  was 

th e re fo re  necessary to  determ ine the  range o f  v a r ia t io n  in  the  

AMLR o f  c e l ls  from normal in d iv id u a ls  te s te d  in  the  presence 

o f  normal ch ildhood sera and sera from  c h ild re n  w ith  d iseases 

not known to  have im m unological a b n o rm a lit ie s  as a m ajor 

component o f  t h e ir  d isease. Sera were ob ta ined  from  9 

c h i ld re n ,  7 o f  whom had id io p a th ic  s c o l io s is  and 2, Duchenne 

muscular dys trophy. Table 0 .2  rep resen ts  the  mean 

p r o l i f e r a t iv e  responses o f normal c e l ls  in  these sera as 

percentage suppression (+ 1 SD) o f  the  response o f  each 

lymphocyte dono r's  c e l ls  in  auto logous serum.
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TABLE B.2.

The Effect of Sera from Normal Children and Childhood Disease 
Controls on the AMLR of Cells from 2 Normal Adults.

% SUPPRESSION OF AMLR

SERA n Exp 1 Exp 2

NORMAL CHILDREN 5 19.7 + B .98 -1 4 .3  + 19.0

CHILDHOOD
DISEASE CONTROL 9 9 .0  + 2 5 .B - 1 9 .4 + 2 2 .4

0
The mean percentage in h ib i t io n  +1 SD, by two groups o f sera 

on the  AMLR compared to  c e l ls  in  au to logous serum was 
c a lc u la te d  from the  mean +1 SD CPM fo r  each group o f  se ra .

There was some v a r ia t io n  in  the  e f fe c t  o f  both normal and 

disease c o n tro l sera on the AMLR, a p p a re n tly  depending on the 

donor. A mean enhancement o f  the  AMLR by normal and d isease 

c o n tro l sera was ev iden t in  the  case o f  the  donor in  

experim ent 2. However, the re  was no s ig n i f ic a n t  d if fe re n c e

between the  e f fe c t  o f  normal and d isease c o n tro l sera on the  

AMLR in  e i th e r  experim ent. The cum u la tive  95% con fidence  

l im i t s  o f  v a r ia t io n  in  the 2 experim ents la y  between 3 4 .B and 

-4 1 .B% suppress ion . I t  was o f note  th a t  the  le v e l o f  

suppress ion , by sera from JDM p a t ie n ts ,  was c o n s is te n t ly  

g re a te r than 40% and no enhancement o f  the  p r o l i f e r a t iv e  

response was ever observed.

8.2 .3  Effect o f JDM Sera on IL -2  Production in  the AMLR

Donor lymphocytes were obta ined from  4 normal a d u lts  and

c u ltu re d  in  serum from a normal c h i ld  o r 1 o f  2 JDM sera 

(Table B .3 ) . The sera chosen fo r  s tudy were those from

p a tie n ts  HM and NC, who were not re c e iv in g  drug trea tm en t a t 

the  tim e blood was taken . Supernatants were ob ta ined  a f te r  3
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and 5 days o f  c u ltu re  and IL -2  p ro d u c tio n  measured and 

compared w ith  T c e l l  p r o l i fe r a t io n ,  measured a t 7 days. 

C oncen tra tions o f IL -2  in  sera from JDM p a t ie n ts  were below 

the  l im i t s  o f  d e te c tio n  in  the  assay (1 u n i t  o f  IL -2 /m l) .  

S e c re tio n  o f IL -2 ,  by donor c e l ls  c u ltu re d  in  normal serum, 

was in h ib ite d  by 56-02% when c e l ls  were c u ltu re d  in  sera from 

the  JDM p a t ie n ts .  In h ib i t io n  o f IL -2  p ro d u c tio n  by JDM sera 

was a lso  re f le c te d  in  suppression o f  T c e l l  p r o l i f e r a t io n .

0 .2 . A E f fe c t  o f  the  A d d it io n  o f  IL -2  to  th e  AMLR o f  Normal C e lls  
C u ltu re d  in  Normal o r JDM Sera

Since JDM sera suppressed T c e l l  p r o l i f e r a t io n  in  the  AMLR, 

a p p a re n tly  by l im i t in g  IL -2 , the e f fe c t  on p r o l i f e r a t io n  o f 

adding exogenous IL -2  to  c u ltu re s  was examined.

C e lls  from  3 normal donors were c u ltu re d  in  sera from 3 normal

c h ild re n  o r sera from 3 JDM p a t ie n ts  (HM, NC, GH) not

re c e iv in g  drug the rapy , w ith  o r w ith o u t the  a d d it io n  o f

exogenous IL -2 .  Results are shown fo r  c e l ls  from 1 normal 

a d u lt  donor (F ig  0 .1 ) .  The a d d it io n  o f IL -2  gave dose-

dependent enhancement o f  the p r o l i f e r a t iv e  response o f  T c e l ls  

c u ltu re d  in  normal o r p a t ie n t se ra . However, suppression o f  

the  response obta ined by c u ltu r in g  c e l ls  in  JDM sera was not 

reversed by the  a d d it io n  o f IL -2 , s in ce  the  response was s t i l l  

s ig n i f ic a n t ly  le ss  (p <0.01) than th a t  ob ta ined  by the  

a d d it io n  o f IL -2  to  c e l ls  c u ltu re d  in  normal serum. S im ila r  

re s u lts  were obta ined fo r  c e l ls  from  2 o th e r normal a d u lts  

(da ta  not shown). This suggested th a t  suppression o f 

p r o l i f e r a t io n  in  the AMLR was not due to  an IL -2  in h ib i t o r  

p resen t in  JDM sera .
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TABLE B.3.

E ffe c t o f  JDM Sera on IL -2  Production in  the AMLR

DONOR 1

DONOR 2

DONOR 3

DONOR A

IL -2  PRODUCTION 
(U/m l)

H -  T 
INCORPORATION (CPM)

3 DAYS 5 DAYS 7 DAYS

E+(N)8 6 B 1,363 + 179

AMLR(N) 1BB 200 21, B16 + 1,017

AMLR(HM) 36 AO B, A33 + 1 ,A59

AMLR(NC) AO 26 6,32B + 2,20B

E+(N) B B 216 + 30

AMLR(N) 200 200 12, A19 + 1,921

AMLR(HM) 36 AA 3,219 + AB1

AMLR(NC) 15 10 5,30A + 87 A

E+(N) 1A 12 A69 + B7

AMLR(N) 128 152 6,102 + B8A

AMLR(HM) 56 3B 2,651 + 303

AMLR(NC) 32 56 2,103 + 20A

E+(N) 10 10 A61 + 12A

AMLR(N) 10B 12A 8,27 A + 620

AMLR(HM) 36 AO A, 130 + 525

AMLR(NC) 22 2B 3,765 + A91

c e l ls  from A normal a d u lt donors uere c u ltu re d in  serun
from a normal c h i ld  (N ) . AMLR c e l ls  uere c u ltu re d  in  normal serum 
o r serum from  JDM p a t ie n ts  HM and NC.
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8.2 .5  E ffect of JDM Sera on the Phenotype of Responder Lymphocytes 
in  the AMLR

The e f fe c t  o f  sera from p a tie n ts  w ith  autoimmune connective  

t is s u e  diseases on phenotypes o f responding T c e l ls  in  the  

AMLR has not p re v io u s ly  been re p o rte d .

Normal a d u lt  c e l ls  from  3 donors were c u ltu re d  in  serum from  a 

normal c h i ld  o r 2 JDM sera (Table B .A ). When c e l ls  mere 

c u ltu re d  in  normal serum fo r  7 days, the  CDA/CDB r a t io  was 1 .B 

to  1 .9  fo r  E+ c o n tro l c e l ls  and 0 .6  -  0 .8  fo r  AMLR c e l ls ,  

in d ic a t in g  the  p r o l i f e r a t io n  o f  CDB+ c e l ls .  Uhen c e l ls  uere 

c u ltu re d  in  JDM sera the  CD4/CD8 r a t io  fo r  AMLR c e l ls  uas 1 .6  

to  2 .0 , s im ila r  to  E+ c o n tro ls .  The percentage o f  c la ss  I I  

p o s it iv e  c e l ls  increased by an average o f  B - fo ld  d u rin g  the 

AMLR uhen c e l ls  uere c u ltu re d  in  normal serum, but on ly  an 

average o f  3 - fo ld  in  JDM sera . T h e re fo re , the  p r in c ip a l 

observed e f fe c t  on phenotype o f  c u ltu re  in  sera from JDM 

p a t ie n ts  uas la c k  o f expansion o f the  CDB+ p o p u la tio n .
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Figure B.1 .

E ffe c t  o f  the  a d d it io n  o f IL -2  on p r o l i f e r a t io n  in  the  AMLR. C e lls
from a normal a d u lt  donor uere c u ltu re d  (A) in  serum from  a normal 
c h i ld  o r (B-D) sera from 3 JDM p a tie n ts  -  HM, GH and NC re s p e c t iv e ly .
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TABLE B .4.

E ffe c t o f  JDM Sera on the Rienotype o f C e lls  Generated During the AMLR

CD3 CD4 CDfl DR

E+(N)a 03b 56 30 5

DONOR 1 AMLR(N) 05 35 56 20

AMLR(HM) 04 59 29 10

AMLR(NC) 92 59 30 4

E+(N) 00 59 33 3

DONOR 2 AMLR(N) 04 41 50 25

AMLR(HM) 60 54 20 7

E+(N) 77 50 20 2

DONOR 3 AMLR(N) 70 32 46 24

AMLR(NC) 74 47 29 15

a C o n tro l E+ c e l ls  from 3 normal a d u lt  donors were c u ltu re d  in  
serum from a normal c h i ld  (N ). AMLR c e l ls  were c u ltu re d  e i th e r  
in  normal serum o r serum from JDM p a t ie n ts  HM and NC. C e lls  uere 
harvested a f te r  7 days and phenotypes determ ined .

F igures rep resen t percentage o f c e l ls  exp ress ing  the  designa ted 
m arker.
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6.3 D iscussion

In  i n i t i a l  experim ents i t  uas observed th a t  the  mean 

p r o l i f e r a t iv e  response o f a d u lt  c e l ls  c u ltu re d  in  JDM sera uas 

s ig n i f ic a n t ly  le s s  than th a t o f  normal c e l ls  c u ltu re d  in  

auto logous serum. This e f fe c t  uas re p ro d u c ib le  and not 

dependent on donor lymphocyte p o p u la tio n .

I t  uas p o s s ib le  th a t  the suppression induced by JDM sera uas 

due to  an a llo g e n e ic  e f fe c t ,  perhaps assoc ia ted  u i th  the  

presence o f  e leva ted  le v e ls  o f  n o n -s p e c if ic  suppressor fa c to rs  

such as otp- g lo b u lin s  o r c h o le s te ro l in  some sera (Maisch e t 

a l ,  1979). Uhen donor lymphocytes uere c u ltu re d  in  sera from 

a llo g e n e ic  h e a lth y  c h ild re n  and disease c o n tro l c h ild re n ,  

n e ith e r  group o f  sera induced s ig n i f ic a n t  suppression  o f  the  

p r o l i f e r a t iv e  response.

Suppressor fa c to rs ,  present in  JDM se ra , m ight have bound to  

c e l l  membrane determ inants re sp o n s ib le  fo r  tran sduc ing  

a c t iv a t io n  s ig n a ls .  The AMLR is  IL -2  dependent and th e re fo re , 

one mechanism fo r  the  suppressive e f fe c t  o f  JDM sera cou ld  

have been in h ib i t io n  o f IL -2  p ro d u c tio n  and c e l l  membrane 

express ion  o f  the  IL -2  re c e p to r. Lou le v e ls  o f  p r o l i f e r a t io n  

uere indeed assoc ia ted  u ith  d e fe c t iv e  IL -2  p ro d u c tio n , uhen 

c e l ls  uere c u ltu re d  in  JDM se ra . Another p o s s ib le  e xp la n a tio n  

o f these re s u lts  could have been th a t  an IL -2  in h ib i t o r  uas 

presen t in  JDM se ra . Such an in h ib i t o r  has been re p o rte d  in  

sera from p a tie n ts  u i th  acqu ired  im m unodefic iency syndrome 

(S p iege l e t a l ,  1985).
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In  an a ttem pt to  determ ine whether suppression was due to  an 

IL -2  in h ib i t o r ,  exogenous IL -2  was added to  normal c e l ls  

c u ltu re d  in  p a t ie n t  serum. The re s u lts  showed th a t  IL -2  cou ld  

on ly  p a r t ia l l y  reverse  suppression o f the  AMLR by sera from 

JDM p a t ie n ts .  Th is  was u n lik e ly  to  be due to  a l te ra t io n s  in  

IL -2  dose-responses fo r  donor c e l ls  c u ltu re d  in  p a t ie n t  serum, 

s ince  h ig h e r co n ce n tra tio n s  o f exogenous IL -2  c le a r ly  induced 

maximal p r o l i f e r a t io n  o f responding c e l ls  i . e .  p r o l i f e r a t io n  

was on the  p la teau  reg ion  o f the dose-response curve fo r  

c u ltu re  in  both normal and p a tie n t sera (F ig  8 .1 ) .  Since an 

IL -2  in h ib i t o r ,  i f  p resen t, should be s a tu ra b le , t h is  s tro n g ly  

suggested th a t  the  in h ib i t o r  was not e x e r t in g  i t s  e f fe c ts  by 

competing w ith  the  IL -2  re ce p to r fo r  IL -2 .  An a l te rn a t iv e  was 

th a t  the  serum in h ib i t o r  was competing w ith  IL -2  fo r  i t s  

re c e p to r . Such an in h ib i t o r  would p robab ly  have to  be (a) in  

m olar excess o f  IL -2  added o r (b ) possess a g re a te r 

a f f i n i t y  fo r  the  re ce p to r than IL -2  i t s e l f .  The f i r s t  

p o s s ib i l i t y  seemed u n lik e ly  s ince  the  dose-response cu rve , fo r  

c e l ls  c u ltu re d  in  p a tie n t serum, would be expected to  s h i f t  to  

the  r ig h t ,  which was not observed. The a f f i n i t y  o f  IL -2  fo r  

i t s  re c e p to r v a r ie s  w ith  the na tu re  o f the  re c e p to r (S m ith , 

1988), bu t no o th e r so lu b le  fa c to rs  have been shown to  compete 

w ith  IL -2  fo r  b ind ing  to  the h igh  a f f i n i t y  re c e p to r on 

a c t iv a te d  T c e l ls .  T he re fo re , suppression o f  the  AMLR by sera 

from JDM p a t ie n ts  was u n lik e ly  to  be due e ith e r  to  an IL -2  

in h ib i t o r  o r to  a fa c to r  in h ib i t in g  T c e l l  a c t iv a t io n  by 

competing w ith  IL -2  fo r  b ind ing  to  the  IL -2  re c e p to r .
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0. /+ Conclusion

Sera from  JDM p a t ie n ts  had an in h ib i t o r y  e f fe c t  on the  AMLR 

r e s u lt in g  in  reduced T c e l l  p r o l i f e r a t io n ,  and in  the  

p ro d u c tio n  o f and response to  IL -2 . These e f fe c ts  uere not 

mediated by in h ib i t o r s  o f IL -2 . I t  seemed more p la u s ib le  th a t  

in h ib i t io n  uas d ire c te d  a t lymphocyte su rfa ce  an tigens  uh ich  

uere im po rtan t (a) in  s t im u la t in g  an AMLR response, o r (b) 

conveying a c t iv a t io n  s ig n a ls  to  p o te n t ia l responder c e l ls .  

A ttem pts to  c h a ra c te r is e  JDM serum in h ib i t o r y  fa c to rs  u i l l  be 

described  in  the  fo llo u in g  chap te r.
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CHAPTER 9

9.0 CHARACTERISATION OF THE SUPPRESSOR FACTORS PRESENT IN SERA 
FROM JDM PATIENTS

9.1 Introduction and Experimental Design

Th is  chap te r describes attem pts to  c h a ra c te r is e  fa c to rs  in  

sera from JDM p a t ie n ts ,  capable o f  suppressing the 

p r o l i f e r a t io n  o f responder c e l ls  in  the  AMLR. Experiments 

were conducted to  determ ine whether (a ) suppression  was 

d ire c te d  a t s t im u la to r  o r responder c e l ls  (b ) whether an MHC 

c la s s  I I  bea ring  c e l l  l in e  cou ld  absorb the  suppressor fa c to rs  

from sera (c ) the  suppressor fa c to rs  were con ta ined  w ith in  the 

IgG o r non-IgG serum f ra c t io n s .  Since re s u lts  in d ic a te d  th a t  

the  fa c to r  resp o n s ib le  fo r  suppression in  JDM sera was an IgG 

a n tib o d y , fu r th e r  experiments in v e s tig a te d  (a ) the  e f fe c t  o f  

the  an tibody  on a n t ig e n -s p e c if ic  immune responses and (b) the  

p o s s ib le  a n tig e n ic  determ inants recogn ised by the  a n tib o d y .

9.2  RESULTS

9.2.1 Effect o f Incubating Stimulator non-T and Responder T Cells in  
JDM Sera on the AMLR

Donor lym phocytes, obta ined from 3 normal a d u lts ,  were 

separated in to  T and non-T c e l ls  and p re incuba ted  D/N in  serum 

from  e ith e r  a normal c h i ld  o r from 3 JDM p a t ie n ts .  The c e l ls  

were then washed and the non-T c e l ls  were tre a te d  w ith  

m itom ycin C. Both T and non-T f ra c t io n s  were resuspended in  

10% auto logous serum, recombined and c u ltu re d  fo r  7 days, when 

p r o l i f e r a t io n  was measured. Uhen both T and non-T c e l ls  were 

p re incuba ted  in  each o f 3 JDM se ra , p r o l i f e r a t iv e  responses 

were s ig n i f ic a n t ly  in h ib ite d  (p < 0 .0 1 ) ,  compared to  T and 

non-T c e l ls  p re incubated 0/IM in  normal serum (F ig  9 .1 ) .
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F ig  9 . 1 . E ffe c t on the  AMLR o f p re c u ltu r in g  T o r non-T c e l ls  in  sera 
from  JDM p a t ie n ts .  C e lls  from 3 normal a d u lt  donors (A-C) uere 
fra c t io n a te d  in to  T and non-T c e l ls  and then p re c u ltu re d  se p a ra te ly  
□/INI in  serum from  a normal c h i ld  o r serum from  1 o f  3 JDM p a t ie n ts .  
The c e l ls  were then mashed, the E- c e l ls  m itom ycin C t re a te d ,
recombined and cu lu re d  fo r  7 days in  auto logous serum and
p r o l i f e r a t io n  then measured. T+ non-T = both p o p u la tio n s  p re c u ltu re d
in  JDM serum. T = T c e l ls  p re c u ltu re d  in  JDM serum and non-T c e l ls
p re c u ltu re d  in  normal ch ildhood serum. IMon-T = non-T c e l ls  p re 
c u ltu re d  in  JDM serum and T c e l ls  p re c u ltu re d  in  normal ch ildhood  
serum. The re s u lts  are expressed as % suppression  o f the 
p r o l i f e r a t iv e  response when T and non-T c e l ls  mere p re c u ltu re d  in  
normal ch ildhood  serum. These responses mere (A) 3803 + 386 (B) A ,812 
+ 590 (C) 6,109 + 383.
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The e f f e c t  o f  p r e c u l t u r in g  non-T  c e l l s  in  each o f  th e  3 JDM

sera and T c e l ls  in  normal serum uas aga in  to  s ig n i f ic a n t ly

in h ib i t  (p <0 .01) the  p r o l i f e r a t iv e  response. C onverse ly, 

p re in c u b a tin g  non-T c e l ls  in  normal serum and T c e l ls  in  each 

o f  the  JDM se ra , re s u lte d  in  p r o l i f e r a t iv e  responses not 

s ig n i f ic a n t ly  d i f fe r e n t  from responses ob ta ined  uhen T and 

non-T c e l ls  uere p re c u ltu re d  in  normal serum.

Suppression d ire c te d  aga ins t the  s t im u la to r  non-T c e l l  

p o p u la tio n  cou ld  im p ly  the presence o f serum fa c to rs  b in d in g  

to  and perhaps masking c lass  I I  an tigens  p resen t on s t im u la to r  

c e l l s .

9 .2 .2  E f fe c t  o f  Absorb ing Normal and JDM Sera u i t h  K-562 o r 
EBW-Transformed C e lls  on the  AMLR

The e f fe c t  o f  absorb ing normal and JDM sera on a c la ss  I I

bea ring  B c e l l  l in e  uas examined. Sera uere un trea ted  o r

absorbed u i th  EBV transform ed o r K-562 c e l ls .  Lymphocytes 

from  2 normal a d u lt  donors uere then c u ltu re d  in  absorbed or 

c o n tro l sera from 2 a llo g e n e ic  normal c h i ld  donors and 3 JDM 

p a t ie n ts .  A bsorp tion  o f normal sera u i th  e i th e r  c e l l  l in e  had 

no e f fe c t  on the  AMLR p r o l i f e r a t iv e  response (Table 9 .1 ) .  

A bso rp tion  o f JDM sera u ith  K-562 c e l ls  had no e f fe c t  on the 

observed in h ib i t io n ,  but abso rp tion  u i th  EBV transfo rm ed c e l ls  

s ig n i f ic a n t ly  (p <0 .01) reduced th e  in h ib i t o r y  e f fe c t  o f  

p a t ie n t sera on the  AMLR.



TABLE 9.1

Effect o f absorbing normal and JDM sera u ith  EBV- transformed c e lls  
on the serum suppressor fac to r.

ABSORPTION3 3H-T INCORPORATION % INHIBITION
(CPM)

E xp t. 1 - 2632 + 367°
NC EBV -  t r 3167 + 322 -20

K-562 2711 + *♦11 -  3

*♦65 + *♦*♦ 82
JDM 1 EBV -  t r 10*+6 + 192 20

K-562 *♦56 + 175 03

252 + 29 90
JDM 2 EBV -  t r 86*+ + 159 67

K-562 212 + 36 92

039 + 100 68
JDM 3 EBV -  t r 2075 + 30*+ 21

K-562 1120 + 190 57

E xp t. 2 *♦875 + 392
l\IC EBV -  t r *♦60*+ + *♦09 *♦

K-562 *♦730 + 687 3

210*+ + 236 57
JDM 1 EBv -  t r 30*+1 + *♦09 21

K-562 2117 + 299 57

1120 + 350 77
JDM 2 EBV -  t r 270*+ + 322 57

K-562 098 + 102 02

106*+ + 295 62
JDM 3 EBV -  t r 5202 + *♦0*+ -7

K-562 23 *+0 + *♦1*+ 52

a Normal c h i ld (NC) or JDM sera were absorbed tw ic e  w ith  1 X 106 EB1
transformed (EBV-tr) or K-562 cel ls ,  

b Mean + SD.

165



zo
h
-C
t to
CL
t f
o
o

I
XI
M

20000 n

15000 -

10000  -

5000 -

NORMAL

I  C
8  20000 -1

NORMAL

r  15000

10000

5000

20000 

15000 

10000 -  

5000 - 

0

u

z

MOP 11A |
JK
PO
L M
NC

20000  - NORMAL

15000 -
B  NC

10000 -

5000 -

E
CL

^  20000 n

<
O
CL
Ot
o
u

h-I
XI

15000

10000  -

5000 - i
NORMAL

■ 1 1

F igu re  9 ,2 . E ffe c t on the AMLR o f  c u ltu r in g  c e l ls  from  a normal
a d u lt  donor in  serum f ra c t io n s  from a normal c h i ld  and A JDM p a t ie n ts .
C e lls  were c u ltu re d  (A) in  whole serum (B) non-IgG c o n ta in in g  f r a c t io n  
o f  serum (10% o f o r ig in a l serum c o n c e n tra tio n ) (C) 0.25 mg/ml o f
p u r i f ie d  serum IgG (D) 0 .5  mg/ml o f  serum IgG (E) 1 mg/ml o f  serum
IgG.
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9 .2 .3  E ffe c t o f  R jr i f ie d  IgG from Normal and JDM Sera on the AMLR

P u r if ie d  IgG uas prepared from 2 normal c h ild re n  and 5 JDM 

p a t ie n ts .  Lymphocytes from normal a d u lt  donors uere then 

c u ltu re d  in  (a ) the  u n fra c tio n a te d  sera (b ) the  non-IgG 

c o n ta in in g  f ra c t io n s  o f the  sera (c )  d i f f e r e n t  c o n ce n tra tio n s  

o f p u r i f ie d  IgG from  the se ra . The AMLR p r o l i f e r a t iv e  

responses uere then measured. The re s u lts  o f  a re p re s e n ta tiv e  

experim ent are shoun in  F igure 9 .2 . S ig n if ic a n t  in h ib i t io n  

(p <0.005) o f  the  p r o l i f e r a t iv e  response uas ob ta ined by 

c u ltu r in g  c e l ls  in  0 .5  o r 1mg/ml p u r i f ie d  IgG from  the  JDM 

sera but not by (a ) IgG from the  normal ch ildhood  serum (b) 

the  non-IgG c o n ta in in g  f ra c t io n s  o f  p a t ie n t  and normal se ra . 

The in h ib i t io n  induced by IgG from  JDM sera uas dose- 

dependent .

F u rth e r, p u r i f ie d  IgG from JDM sera te s te d  gave dose-dependent 

I n h ib i t io n  o f  the  AMLR responses o f  3 normal a d u lt  donors. 

The degree o f  suppression o f the  AMLR ob ta ined  u i th  JDM IgG 

v a r ie d  depending on the source o f donor lym phocytes, but uas 

s t i l l  re p ro d u c ib le . The non-IgG c o n ta in in g  f r a c t io n  o f  these 

p a t ie n ts 's  serum d id  not s ig n i f ic a n t ly  a f fe c t  the  AMLR

response. Table 10.2 g ives the  mean in h ib i t io n  and ranges fo r  

the  k serum IgG (1mg/ml) p re p a ra tio n s  te s te d .

Serum f ra c t io n s  from normal c h ild re n  d id  not s ig n i f ic a n t ly

in h ib i t  the  AMLR o f lymphocytes from  the  3 donors te s te d  (data

not shoun). Tuo p a tie n ts  (GH and IMC) uere not re c e iv in g  drugs

uhen serum uas ob ta ined .
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TABLE 9 .2 . Suppression o f T c e l l  p r o l i fe ra t io n  in  the  AMLR
by p u r if ie d  IgG from JDM Sera

SERUM % INHIBITION OF AMLR

PD 77 (63 - 86)

GH 76 (69 - B6)

LM 56 (M» - 70)

NC 70 (55 - BO)

9 .2 . A Time Course f o r  I n h ib i t io n  o f  th e  AMLR by P u r i f ie d  IgG from  
JDM Sera

P u r if ie d  IgG (1mg/ml) from  2 JDM sera (IMC and GH) uas added on 

succeeding days to  the  AMLR o f  c e l ls  from  2 normal a d u lt  

donors (Table 9 .3 ) .  Uhen IgG uas added on days 1 -3 , 

s ig n i f ic a n t  in h ib i t io n  o f  the  p r o l i f e r a t iv e  response (p< 0 .01 ) 

uas o b ta in e d . Uhen added on days k o r 5 no s ig n i f ic a n t  change 

in  the  p r o l i f e r a t iv e  response uas observed. A d d it io n  o f

p u r i f ie d  IgG from  an a llo g e n e ic ,  normal c h i ld  serum had no

e f fe c t  on the  AMLR.

9 .2 .5  I n h ib i t io n  by R j r i f i e d  IgG from  JDM Sera o f  A n tigen  S p e c if ic  
Normal T c e l l  P r o l i f e r a t iv e  Responses

The e f fe c t  o f  p u r i f ie d  IgG from normal and JDM sera on the  

p r o l i f e r a t iv e  responses o f  T c e l ls  from 2 normal a d u lt  donors 

uere examined. These experim ents uere perform ed by Dr \l Gant, 

Immunology Dept, St Thomas's H o s p ita l (F ig  9 .3 ) .  P u r if ie d  IgG 

(1mg/ml) from  the  2 JDM sera s ig n i f ic a n t ly  in h ib ite d  (p< 0 .01 ) 

p r o l i f e r a t iv e  responses to  PPD a t the  3 dose p o in ts  te s te d .

C u ltu re  o f  c e l ls  in  the  non-IgG c o n ta in in g  f ra c t io n s  o f

p a t ie n t sera had no e f fe c t  on the  p r o l i f e r a t iv e  responses o f

donor c e l ls .
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TABLE 9 .3 . Time Course fo r  In h ib it io n  o f  the  AMLR by R jr i f ie d  IgG
From JDM Sera.

H -  T INCORPORATION (CPM)

IgG Added Donor 1a Donor 2

- 3830 + 464b 5085 + 691

JDM (NC) 1 1387 + 125 (7 4 )c 3181 + 413 (38)

2 1643 + 182 (58) 3019 + 485 (42)

3 2320 + 261 (40) 3816 + 324 (25)

A 3658 + 584 ( 5) 4881 + 624 ( *0

5 3MB + 516 (10) 5206 + 1581 ( -2 )

JDM (GH) 1 798 + 240 (80) 2408 + 284 (53)

2 1184 + 261 (70) 2310 + 305 (55)

3 1762 + 21A (54) 3407 + 281 (33)

4 2991 + 491 (22) 4910 + 640 ( 3)

5 3308 + 475 (14) 5184 + 468 ( □)

NORMAL CHILD 1 3310 + 561 (14) 5491 + 570 ( -8 )

2 3364 + 459 (12) 5476 + 438 (-8 )

3 3876 + 323 ( 0) 5163 + 384 ( 0)

4 3491 + 385 ( 1) 4784 + 1240 ( 2)

5 3784 + 424 ( 0) 4916 + 306 ( □)

a Lymphocytes from 2 a d u lt donors uere c u ltu re d  in  auto logous sera 
u i th  o r u ith o u t  p u r i f ie d  IgG (1mg/ml) from  an a llo g e n e ic  normal o r 
2 JDM se ra . IgG uas added on succeeding days, s ta r t in g  a t the  
in i t i a t i o n  o f  c u ltu re .

b Mean +_ SD.

c F igures in  pa ren thes is  represent % suppression o f  c o n tro l response.
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9.2 .6  Attempts to Characterise Structures Recognised by A n ti- 
Lymphocyte Antibodies in JDM Sera

Severa l techn iques have been employed to  t r y  to  c h a ra c te r is e  

a n ti- lym p h o cy te  a n tib o d ie s  in  JDM sera -

(a ) D ire c t b in d in g  assay to  EBV transfo rm ed  l in e s  and PHA 

b la s ts  de rive d  from normal donors.

(b ) In h ib i t io n  o f b ind ing  o f a n t i -  DR, a n t i -  DP and a n t i -  DQ 

MAb's to  PHA b la s ts  derived  from  normal donors.

(c ) im m unop rec ip ita tio n  o f ra d io  la b e lle d  EBV transfo rm ed 

l in e s  by auto logous sera .

Methods (a) and (b) d id  not show s ig n i f ic a n t  d iffe re n c e s  

between JDM and c o n tro l se ra . Method (c ) (experim ents c a r r ie d  

out by Dr J Lanchbury, Guy's H o s p ita l)  has proved in c o n c lu s iv e  

as ye t (da ta  not shown). However, more p a t ie n ts 's  sera need 

to  be te s te d , in c lu d in g  those (PB and JK) whose p u r i f ie d  IgG 

gave the  g re a te s t in h ib i t io n  o f  the  AMLR. Immuno- 

p r e c ip i ta t io n  o f  norm al, a llo g e n e ic  EBV transfo rm ed B c e l ls  

and a c t iv a te d  T c e l ls  by JDM sera are  a lso  experim ents in  

p rog ress.
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9.3 DISCUSSION

Antigens expressed by s t im u la to r  and /o r responder c e l ls  in  the  

AMLR uere p o s s ib le  ta rg e ts  f o r  in h ib i to r y  fa c to rs  in  JDM se ra .

Sera uere found to  p r e fe r e n t ia l ly  in h ib i t  the  s t im u la to r  

p o p u la tio n  in  the  AMLR. Th is  in d ic a te d  p o s s ib le  masking o f 

c la ss  I I  d e te rm inan ts , uh ich  uas in v e s tig a te d  by a tte m p tin g  to  

absorb out the  in h ib i t o r y  fa c to rs  from  se ra . A bso rp tion  uas 

indeed observed u i th  a c la s s  I I  bea ring  c e l l  l in e  (Table

9 .1 ) .  K-562 c e l ls ,  a m yelo id c e l l  l in e  uh ich  may express h igh

le v e ls  o f  Fc recepo rs , uere unable to  absorb the  in h ib i t o r y  

fa c to r ,  in d ic a t in g  th a t  n o n -s p e c if ic  b in d in g  to  EBV/ 

transfo rm ed c e l ls  cou ld  not e x p la in  these r e s u lts .

Tud pieces o f  evidence suggested th a t  the  in h ib i t o r y  fa c to r  

m ight be an IgG a n tib ody  (a ) p rev ious  re p o r ts  o f  IgG an ti-D R  

a n tib o d ie s  in  sera from  p a t ie n ts  u i th  o th e r connective  t is s u e  

diseases (Okudaira e t a l ,  198L) (b ) the  in h ib i t o r y  fa c to r  uas 

u a rm -reac tin g  suggesting  an e f fe c t  mediated by an IgG ra th e r  

than an IgM an tib ody  (Yamada and W in f ie ld ,  190*0.

The factor present in JDM sera, responsible for inhibiting the AMLR, bound to 
Protein A. This factor was unlikely to be IgG or IgM immune complexes, as these 
could not be detected.in JDM sera (Ch 5.6). Futhermore, such complexes, if 
present in serum, Would be expected to inhibit NK activity, which was not observed 
(Ch. 10.3.5). T;h$.inhibitory factor was therefore probably IgG. Class II restricted 
responses to PPD were inhibited by purified IgG from JDM sera (Fig 9.3), 
supporting the evidence for anti-class II antibodies in patient sera.

U n fo r tu n a te ly , experim ents designed to  d e te c t a n t i- c la s s  I I  

a n tib o d ie s  in  JDM sera have not so fa r  been su c c e s s fu l. A 

m ajor problem encountered in  a tte m p tin g  to  d is c r im in a te  

betueen b in d in g  o f  sera from  JDM p a t ie n ts  and normal sera to  

human c e l ls  uas the  h igh  background b in d in g  o f  normal sera
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(data  not shown). A lthough b lo ck in g  sera reduced background 

b in d in g , t h is  s t i l l  d id  not a llo w  d is c r im in a t io n  between human 

se ra . Indeed, xenogeneic b lo c k in g  sera may c o n ta in  

h e te ro p h ile  a n tib o d ie s  to  human c e l l  membrane components, 

p o s s ib ly  in h ib i t in g  b ind ing  o f a n tib o d ie s  p resen t in  human 

se ra . The f a i lu r e  to  d e tec t a n t i- c la s s  I I  a n tib o d ie s  in  JDM 

sera may r e f le c t  the low co n c e n tra tio n s  a nd /o r a f f i n i t y  o f  

these a n tib o d ie s . I f  the  a f f i n i t i e s  o f  MAb's to  c la ss  I I  

a n tig e n s , used in  com pe titio n  experim ents , were g re a te r than 

th a t  o f  serum a n tib o d ie s , the form er may w e ll d is p la c e  the 

la t t e r  from  membrane b ind ing  s i te s .

Evidence was a lso  obta ined th a t a n tib o d ie s  in  JDM sera m ight 

be d ire c te d  a t determ inants o th e r than  c la s s  I I  a n tig e n s . 

Time course experim ents in d ic a te d  th a t  serum IgG cou ld  in h ib i t  

the  AMLR up to  72 hours a f te r  i n i t i a t i o n  o f  the  response (F ig  

9 .3 ) .  T he re fo re , a c t iv a t io n  a n tig e n s , expressed by responding 

T c e l ls ,  m ight be recognised by a n tib o d ie s  in  JDM se ra . One 

e xp la n a tio n  cou ld  be th a t a n tib o d ie s  to  s e v e ra l lymphocyte 

su rface  an tigens  may be present in  JDM se ra .

9 . k Conclusion

Evidence was obta ined fo r  the  presence o f  a t le a s t  2 a n t i 

lymphocyte a n tib o d ie s  in  sera from  JDM p a t ie n ts .  One an tibody  

was d ire c te d  a t determ inants expressed by s t im u la to r  c e l ls  in  

the  AMLR and the  second may have had s p e c i f ic i t y  fo r  

a c t iv a t io n  an tigens expressed by T c e l ls .
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CHAPTER 10

10.0

10.1

10.2

ACTIVITY OF NK CELLS FROM JDM PATIENTS 

INTRODUCTION

Reduced le v e ls  o f  l\IK a c t iv i t y  have been de tected  in  p e r ip h e ra l 

blood c e l ls  from 5 un trea ted  JDM p a t ie n ts  ( M i l le r ,  Lantner and 

Pachman, 1903). The repo rted  ro le  o f  NK c e l ls  in  m a in ta in in g  

host defence aga ins t v i r a l l y  in fe c te d  ta rg e ts  (Shellam , 

Grundry and A lla n , 1902) and in  e x e rc is in g  an im m unoregulatory 

ro le  over T and B c e l l  responses (T ild e n ,  Abo and B a lch , 1903; 

Kuuano e t a l ,  1906) suggested th a t  abnormal NK a c t iv i t y  in  JDM 

p a t ie n ts  m ight c o n tr ib u te  (a) to  the  proposed v i r a l  a e t io lo g y  

o f JDM (Ch 1 .1 .2 )  and (b) to  d is re g u la t io n  o f  the  immune 

response, such as h igh le v e ls  o f  spontaneous IgM syn th e s is  (Ch 

6 .3 .2 ) .

Experimental Design

The normal ranges of.NK a c t iv i t y  were f i r s t  determ ined fo r  PBL 

from normal a d u lts  and c h ild re n .  The range o f  NK a c t iv i t y  fo r  

PBL from  JDM p a tie n ts  uas then measured. The re la t io n s h ip  

betueen c o r t ic o s te ro id  therapy and NK a c t iv i t y  o f  JDM 

p a t ie n ts 's  c e l ls  uas examined by re g re s s io n  a n a ly s is .  

S e quen tia l measurements o f  NK a c t iv i t y  uere re la te d  to  s k in  

v a s c u l i t is ,  as a measurement o f  d isease a c t i v i t y .  F in a l ly  the  

enhancing e f fe c ts  o f IFN added i j i  v i t r o  on NK fu n c t io n  uas 

measured a ga ins t K-562 c e l ls  and an NK r e s is ta n t  tumour c e l l  

l in e ,  RD.
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10.3 RESULTS

10.3.1 NK A c tiv ity  of PBL from Normal Adults, Normal Children and JDM 
Patients

C y to to x ic  a c t iv i t y  o f  PBL from  12 normal a d u lts ,  B normal 

c h ild re n  and 12 JDM p a t ie n ts  was measured a g a in s t K-562 

ta rg e ts ,  a t an E:T r a t io  o f  50:1 (F ig  1 0 .1 ) . Nine JDM 

p a t ie n ts  were re c e iv in g  p redn iso lone  a lone and 3 were not 

re c e iv in g  drugs a t the  tim e o f  te s t in g .  The mean le v e l o f  

c y to to x ic i t y  o f  c e l ls  from  the  normal a d u lts  (L2.1 +_ 17.□ ) and 

the  normal c h ild re n  (31 .9  +_ 7 .3 )  a g a in s t K-562 ta rg e ts  were 

no t s ig n i f ic a n t ly  d i f f e r e n t .  The mean le v e l o f  c y to to x ic i t y  

o f  c e l ls  from  JDM p a t ie n ts  a g a in s t K-562 (14.B  + 17 .2 ) was

s ig n i f ic a n t ly  le s s  (p < 0 .0 1 )  than th a t  o f  the  2 c o n tro l

groups. C e lls  from  the  3 un tre a te d  p a t ie n ts  (GH, NC and SU)

had among the  low est le v e ls  o f  c y to to x ic i t y ,  11, B and 6%,

re s p e c t iv e ly .

10.3.2  E ffect o f Prednisolone Dose on NK A ctiv ity  o f PBL from 2 JDM 
Patients

The p o s s ib i l i t y  th a t  reduced NK fu n c t io n  by JDM PBL cou ld  be 

due to  p redn iso lone  therapy was examined. F ig  10.2 shows the  

c y to to x ic  a c t iv i t y  a g a in s t K-562 c e l ls  p lo t te d  a g a in s t

p redn iso lone  the rapy  a t tim e o f  te s t in g  fo r  2 JDM p a t ie n ts  (JK 

and PD). Regression a n a ly s is  showed no c o r re la t io n  between NK 

a c t iv i t y  and p redn iso lone  dose, and the  low est NK va lues were 

ob ta ined  when p a t ie n ts  were re c e iv in g  the  low est dosage o f 

s te ro id s .
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C y to to x ic  a c t iv i t y  aga ins t K-562 c e l ls  by PBL from  normal a d u lts  (N A)t 
normal c h ild re n  (NC) and JDM p a t ie n ts .  E:T r a t io  50 :1 .
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R e la tio n s h ip  o f  NK a c t iv i t y  to  p redn iso lone  the rapy fo r  2 JDM p a t ie n ts  
(JK and PO). The reg ress io n  l in e  and c o r re la t io n  c o e f f ic ie n t  (R) are 
shown fo r  each se t o f  d a ta . E:T ra t io n  was 50 :1 .
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10.3.3 R e la tionsh ip  o f  NK A c t iv i ty  to  Degree o f l /a s c u li t is

The p o s s ib i l i t y  th a t  low IMK a c t iv i t y  was assoc ia ted  w ith  

severe s k in  v a s c u l i t is  had been suggested by s in g le -p o in t  

de te rm in a tio n s  o f  NK a c t iv i t y  f o r  a number o f  p a t ie n ts  

(G Cambridge, unpub lished o b s e rv a tio n s ) . Exam ination o f  

s e q u e n tia l measurements o f  NK a c t iv i t y  f o r  2 JDM p a t ie n ts  (P0 

and JK) in d ic a te d  (F ig  10 .3 ) th a t  th e re  was no conv inc ing  

r e la t io n s h ip  between NK a c t iv i t y  and v a s c u l i t is ,  fo r  these 2 

p a t ie n ts .

10.3.*+ Effect o f Preincubation with IFN- on the NK A c tiv ity  of PBL 
from Normals and JDM Patients

The a b i l i t y  o f  NK c e l ls  to  respond to  IF N 's  may determ ine 

t h e i r  ca p a c ity  to  respond to  and k i l l  ta rg e t  c e l ls  (Ch 3.*+).

C y to to x ic  a c t iv i t y  o f  PBL from 3 normal c h ild re n  and 3 JDM 

p a t ie n ts  was assessed a g a in s t K-562 and RD c e l ls .  Donor PBL 

had p re v io u s ly  been c u ltu re d  fo r  *+h in  the  presence o f  IFN- 

(1000 U /m l) (F ig  10.*+). Mean le v e ls  o f  c y to to x ic i t y  a ga ins t 

both ta rg e ts  were s ig n i f ic a n t ly  le s s  fo r  JDM than normal PBL 

a t each E:T r a t io  te s te d  (p< 0 .0 0 5 ). When a fu r th e r  *+ JDM 

p a t ie n ts 's  c e l ls  were te s te d , s im ila r  re s u lts  were ob ta ined 

(da ta  not shown).

10.3.5 E ffect on NK a c tiv ity  of Incubating PBL in  JDM Sera

A n ti-lym ph ocy te  a n tib o d ie s , re c o g n is in g  de te rm inan ts  presen t 

on NK c e l ls ,  have been de tected  in  sera from  SLE p a t ie n ts  

( S ib b i t t  and Bankhurst, 1985). T h e re fo re , c y to to x ic  a c t iv i t y  

o f  normal and p a t ie n t PBL was always te s te d  d u rin g  c u ltu re  in  

both normal and JDM se ra . There was no s ig n i f ic a n t  d iffe re n c e  

in  le v e ls  o f  c y to to x ic i t y  between the  two groups o f  sera used 

(da ta  not shown).
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10.A D iscussion

There was no s ig n if ic a n t  d iffe re n c e  in  IMK a c t iv i t y  between 

a d u lt  and ch ildhood  c o n tro ls ,  a lthough  th e re  was a tre n d  fo r  

the  c h ild re n  to  be w ith in  the  low er range o f a d u lt  

c y to to x ic i t y  va lues . A recen t re p o r t  (T ild e n  e t a l ,  19B6) 

examined CD16+ lym phocytes, d u rin g  ontogeny. These were low 

in  number d u rin g  the f i r s t  decade o f  l i f e  and reached maximum 

le v e ls  d u rin g  the second decade. IMK fu n c t io n a l a c t iv i t y  

increased m oderately to  reach maximum le v e ls  d u rin g  the  second 

decade. Males and females e x h ib ite d  comparable c y to to x ic  

a c t i v i t y .

The m a jo r ity  o f  JDM p a tie n ts  (9 /1 2 ) had s ig n i f ic a n t ly  reduced 

IMK fu n c t io n  compared to  ch ildhood  c o n tro ls ,  suggesting  a 

de fe c t u n re la te d  to  age. These r e s u lts  were taken a t s in g le  

tim e p o in ts  and when IMK a c t iv i t y  o f  normal a d u lts  was fo llo w e d  

s e q u e n t ia l ly ,  i t  was c le a r  th a t  IMK a c t iv i t y  v a r ie d  even when 

blood was drawn a t the same tim e o f  day (da ta  no t shown). 

Th is suggested th a t s tud ie s  o f  IMK fu n c t io n  taken a t a s in g le  

tim e p o in t may have le ss  v a l id i t y  than  s e r ia l  measurements. 

S e r ia l measurements showed th a t  IMK a c t iv i t y  by c e l ls  from  2 

p a t ie n ts  remained low du ring  a p e rio d  o f  10 months (F ig  1 0 .3 ) .

Regression a n a ly s is  showed th a t  th e re  was no r e la t io n  between 

IMK a c t iv i t y  and c o r t ic o s te ro id  dose fo r  the  2 p a t ie n ts  

fo llo w e d  s e q u e n t ia lly .  A p rev io us  s tudy a lso  dem onstrated 

th a t  a t the  le v e ls  o f predn iso lone achieved th e ra p e u t ic a lly  in  

c h ild re n ,  IMK fu n c t io n  j j i  v i t r o  was u n a ffe c te d  ( M i l le r ,  Lantner 

and Pachman, 19B3). There is  co n tro ve rsy  over the  e f fe c ts  o f  

c o r t ic o s te ro id s  on IMK a c t iv i t y  in  v iv o  and in  v i t r o .  One

1B1



group (K a tz , Zaytoun and Lee, 19BA) re p o rte d  th a t  a s in g le

dose o f  kUU mg hyd roco rtisone  s ig n i f ic a n t ly  increased IMK

a c t iv i t y  Ah a f te r  a d m in is tra tio n . Th is  augm entation was not

due to changes in IMK e ffe c to r function but Lias secondary to a

r e la t iv e  increase in  NK c e l ls  as a r e s u lt  o f  d e p le t io n  from

the  c ir c u la t io n  o f CD4+ T c e l ls .  The au tho rs  d id  not assess

whether th e re  were any changes in  the  abso lu te  number o f  NK

c e l ls .  There fore  the increased NK a c t iv i t y  m ight a lso  be due

to  NK c e l ls  e n te r in g  the p e r ip h e ra l b lood . P a r i l lo  and Fauci

(1979) adm in is te red  12mg dexamethasone to  normal a d u lts  and

showed s ig n i f ic a n t ly  depressed NK fu n c t io n  la s t in g  from 2k to

ABh a f te r  tre a tm e n t. D if fe re n t  c o r t ic o s te ro id s  may th e re fo re

have c o n tra ry  e f fe c ts  on NK a c t iv i t y  in  v iv o . Hoffman (1980)

-5re p o rte d  th a t  pharmacologic (10 M) doses o f  h yd ro co rtiso n e

added in  v i t r o  in h ib ite d  NK a c t iv i t y  w h ile  K a tz , Zaytown and

Lee (198A) found the drug to  have no e f fe c t  a t pharm acologic

-Ao r suprapharm acologic (10 M) c o n ce n tra tio n s  in  v i t r o .  These 

r e s u lts  appear to  remain u n re co n c ile d .

There is  no in fo rm a tio n  on the long term  a d m in is tra t io n  o f  

s te ro id s  on NK a c t iv i t y  o f  norm als. When p a t ie n ts  w ith  

v a s c u l i t is  were tre a te d  w ith  prednisone d a i ly  fo r  3 weeks, the  

lymphopaenia induced by the drug was o f  much s h o r te r  d u ra tio n  

than a t the  beg inn ing o f  th e ra p y , suggesting  reduced 

responsiveness to  s te ro id s  (Cooper e t a l ,  1977). No 

a s s o c ia tio n  was found in  the  p resen t s tudy between t o t a l  

lym phocyte count and NK a c t iv i t y  f o r  JDM p a t ie n ts  (da ta  not 

shown). An in te rp re ta t io n  o f t h is  r e s u lt  is  extrem ely 

d i f f i c u l t  s ince  NK c e l ls  may possess d i f f e r e n t  r e c ir c u la t io n  

p a tte rn s  than T and B c e l ls  (Fox e t a l ,  198A). I t  is  p o s s ib le
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th a t lo u  NK a c t iv i t y  in  JDM p a t ie n ts  cou ld  r e s u lt  from 

se q u e s tra tio n  o f NK c e l ls .  I t  is  a ls o  p o s s ib le  th a t  bone 

marrow de rived  p recursors o f  NK c e l ls  may be reduced in  JDM 

p a t ie n ts .

There appeared to  be l i t t l e  a s s o c ia tio n  between NK a c t iv i t y  

and s e v e r ity  o f  s k in  v a s c u l i t is  in  JDM p a t ie n ts .  There was 

a lso  no a s s o c ia tio n  between NK a c t iv i t y  and o th e r measures o f 

d isease a c t iv i t y  such as serum CPK le v e l ,  muscle weakness and 

mood o f  the  p a t ie n t (data not shown).

The re lease  o f  IFN by e f fe c to r  c e l ls  a f te r  in te ra c t io n  w ith  

ta rg e ts  may augment the re c y c lin g  c a p a c ity  o f  NK c e l ls  

(Herberman and D rta ld o , 1901). I t  was th e re fo re  p o s s ib le  th a t  

p a t ie n t NK c e l ls  (a) fa i le d  to  make s u f f ic ie n t  IFN to  a t ta in  

normal le v e ls  o f cytotoxicity (b) d id  no t respond no rm a lly  to  

IFN. P retreatm ent o f  JDM c e l ls  w ith  IF N -a  d id  not 

s ig n i f ic a n t ly  increase c y to to x ic i t y  a g a in s t ta rg e t  c e l ls .  The 

d e fe c t iv e  response was probably no t due to  the  p o s s ib ly  

in h ib i to r y  e f fe c ts  o f  IFN in  v iv o  ( S ib b i t t  and Bankhurst, 

19B5) as JDM p a tie n ts  were found to  have no d e te c ta b le  IFN in  

t h e i r  serum (G. Cambridge, unpublished r e s u lts )  when te s te d  by 

radioimmunoassay. The p rodu c tion  o f  IFN by NK c e l ls  from  

p a t ie n ts  in  response to  ta rg e ts  has no t been examined in  the 

present s tudy .

10.5 Conclusion

Reduced le v e ls  o f  NK a c t iv i t y  by PBL from  JDM p a t ie n ts  were 

not assoc ia ted  w ith  age group o f p a t ie n ts ,  c o r t ic o s te ro id  

th e ra p y , lymphopaenia o r disease a c t i v i t y .  Lack o f  enhanced 

c y to to x ic i t y  to  IFN suggested an in a b i l i t y  o f  NK c e l ls  from
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JDM p a t ie n ts  to  respond norm a lly  to  s t im u la t io n  mediated by 

lym phokines. T he re fo re , fu r th e r  experim ents described  in  the 

fo llo w in g  chap te r, examined the  response o f  IMK c e l ls  from 

normals and p a tie n ts  to  IL -2 .



CHAPTER 11

1 1 .D LYMPHDKINE ACTIUATED KILLER CELLS

11.1 INTRODUCTION

This  chap te r w i l l  describe  experim ents in v e s t ig a t in g  the  

p ro p e rt ie s  o f  LAK c e l ls  de rived  from normal c o n tro ls  and JDM 

p a t ie n ts .  There has been very l i t t l e  in v e s t ig a t io n  o f 

coope ra tion  between NK and T c e l ls  in  the  in d u c tio n  o f  LAK 

a c t iv i t y ,  a lthough the re  is  some evidence o f  a r o le  fo r  T 

c e l ls  as both p recursor and e f fe c to r  p o p u la tio n s .

11.1 .1 LAK P recursor C e lls

I t  is  im portan t to  recognise th a t  d i f f e r e n t  groups use 

va ry in g  procedures to  measure LAK a c t iv i t y  such as (a) 

d i f fe r e n t  tumour ta rg e t c e l ls  (b) v a ry in g  IL -2  co n c e n tra tio n s  

which may not be op tim a l fo r  in d u c tio n  o f  c y to to x ic  a c t iv i t y  

in  e f fe c to r  c e l ls  (c ) d i f fe r e n t  in c u b a tio n  tim es fo r  

in d u c tio n  o f LAK a c t iv i t y .  There fo re  i t  is  d i f f i c u l t  to  

re la te  the  re s u lts  o f one group to  a n o th e r. The re s u lts  from  

b u lk  c u ltu re  experiments have suggested th a t  i t  may be 

p o s s ib le  fo r  T c e l ls  to  respond to  c u ltu re  in  IL -2  by 

a c q u ir in g  the a b i l i t y  to  k i l l  NK re s is ta n t  ta rg e ts  (Hersey 

and B o lh u is , 1907). However, a lthough  the  evidence suggests 

th a t  th e re  is  no s in g le  p e r ip h e ra l b lood LAK p re cu rso r c e l l  

( I to h  e t a l ,  1985), the m a jo r ity  o f  LAK c y to to x ic  a c t iv i t y  

appears to  be due to  a c t iv a t io n  o f  NK c e l ls  ( P h i l l ip s  and 

L a n ie r, 1986).
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L im it in g  d i lu t io n  a n a ly s is  has confirm ed t h is  in te r p r e ta t io n .  

P recursor frequenc ies  fo r  LAK c e l ls  mere 10-50 tim es h ig h e r 

in  the  CD16+ Leu19+ p o p u la tio n  compared to  the  CD3+ 

p o p u la tio n  (O rta ld o , Mason and O verton, 1986). F e r r in i  e t 

a l  (1987), us ing c lo n in g  procedures, a lso  showed th a t  the  

m a jo r ity  o f  LAK clones were de rive d  from  CD2+ CD3- 

p re cu rso rs .

1 1 .1 .2  Phenotype and S p e c if ic i ty  o f  LAK C e lls

The main fa c to rs  which determ ine the  phenotype and 

s p e c i f ic i t y  o f  LAK c e l ls  have been described  as (a ) the  

method o f  s t im u la t io n  (b) the  type o f  lym phoid c e l l  

s t im u la te d  (Hersey and B o lh u is , 1987). When PBL were 

s tim u la te d  w ith  IL -2  a lone , predom inantly  CD3- CD16+ e f fe c to r  

c e l ls  were generated (O rta ld o , Mason and O verton, 1986).

The pa te rns o f s p e c i f ic i t y  o f  c loned LAK c e l ls  vary  

c o n s id e ra b ly  (A llavena  and O rta ld o , 19BA; Uan de Griend e t 

a l ,  198A; C hristm as, Meager and Moore; 1987). Some c lones 

were found to  possess very broad pa te rns o f  s p e c i f ic i t y  and 

o th e rs  had fa r  more re s t r ic te d  r e a c t iv i t y .  There d id  not 

appear to  be any a n tig e n ic  p a tte rn  which cou ld  d is t in g u is h  

the  va ry in g  s p e c i f ic i t ie s  o f  LAK c lo n e s . CD16+ CD3- c lones 

were found to  make s ig n i f ic a n t ly  le s s  IFIM^ -  and TIMFa than 

CD3+ CD16- c lones in  response to  PHA (C hris tm as, Meager and 

Moore, 1987). N everthe less, CD16+ CD3- c lones were the  most 

po ten t c y to to x ic  c e l ls .

186



11.2 Experimental Design

These experim ents were designed to  examine the  a b i l i t y  o f  IL -  

2 to  induce LAK a c t iv i t y  in  normal and JDM PBL p o p u la tio n s . 

D e fe c tive  genera tion  o f LAK a c t iv i t y  was found fo r  JDM c e l l  

p o p u la tio n s  and th is  was fu r th e r  analysed a t the  p recu rso r 

le v e l.

Furher experim ents were conducted to  in v e s t ig a te  whether 

coop e ra tion  between lymphocyte subpopu la tions  was re q u ire d  to  

induce o p tim a l LAK a c t iv i t y  and to  id e n t i f y  these sub- 

p o p u la tio n s . Evidence o f  such coop e ra tio n  was observed 

between normal but not JDM lym phocyte sub p o p u la tio n s .

11.3 RESULTS

11.3.1 Time Course for the Generation of LAK C ells from Normal PBL

PBL were ob ta ined from 3 normal a d u lts  and 3 normal c h ild re n .

One a l iq u o t  o f  PBL was fra c t io n a te d  in to  E+ and E- c e l ls  and

c y to to x ic i t y  a c t iv i t y  o f  each f r a c t io n  measured. The

rem ainder o f  the PBL were c u ltu re d  in  IL -2  c o n ta in in g  medium

fo r  2Ah o r 13 days, then washed and c u ltu re d  D/N in  medium

w ith o u t IL -2 .  C u ltu red  c e l ls  were then fra c t io n a te d  in to  E+

and E- pop u la tions  and c y to to x ic i t y  o f  each f r a c t io n  ob ta ined

a t A E:T r a t io s .  Table 11.1 shows the  re s u lts  expressed as % 

51 Cr re lea se  a t 2 E:T r a t io s  and l y t i c  u n its  determ ined fo r

51
the  E- e f fe c to rs  a t 30% and 15% Cr re le a se  fo r  K-562 and RD

ta rg e ts  re s p e c t iv e ly .  The re s u lts  are no t expressed in  l y t i c

u n its  fo r  E+ e ffe c to rs  s ince  augm entation o f c y to to x ic i t y  by

IL -2  was g re a te r than fo r  E- e f fe c to rs  r e s u lt in g  in

c y to to x ic i t y  values a t d i f fe r e n t  tim e pe rio d s  which cou ld  not

51be connected by a s in g le  Cr re lea se  p o in t .
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( i )  E- E ffe c to rs .  C u ltu re  o f PBL in  IL -2  augmented the  

c y to to x ic  a c t iv i t y  o f  E- c e l ls  and the  degree o f 

enhancement va rie d  cons ide rab ly  fo r  both a d u lts  and 

c h ild re n .  Increased k i l l i n g  fo r  K-562 ta rg e ts  v a r ie d  

between 31 and 511% a t LB hours. Two o f  the  3 

c h i ld re n s 's  c e l ls  had enhanced c y to to x ic i t y  a t LB hours 

w ith  no fu r th e r  increase a t 1L days. C y to to x ic  

a c t iv i t y  by the o the r s u b je c ts 's  c e l ls  increased 

between LB hours and 1L days, the  range being 3L-1D9%. 

Two a d u lts 's  and 2 c h ild re n s 's  c e l ls  responded to  IL -2  

by g iv in g  cons ide rab ly  enhanced k i l l i n g  a g a in s t RD 

ta rg e ts ,  augmentation rang ing  from 165 to  333% a t LB 

hours and 11L to  29B% between LB hours and 1L days. 

One a d u lt 's  and 1 c h i ld 's  E- c e l ls  responded p o o rly  to  

IL -2  and gave a very l im ite d  inc rease  in  k i l l i n g  

a g a in s t e ith e r  ta rg e t .

( i i )  E+ E ffe c to rs  -  augmentation o f  c y to to x ic i t y  by E+ 

e f fe c to rs  from both a d u lts  and c h ild re n  aga in  v a r ie d  

c o n s id e ra b ly . For K-562 ta rg e ts ,  a t  E:T r a t io  50 :1 , 

enhanced k i l l i n g  ranged from B3 to  302% a t LB hours and 

97 to  236% between LB hours and 1L days. Enhanced 

c y to to x ic i t y  aga ins t RD ta rg e ts  a t 5 0 :1 , r e f le c t in g  the  

alm ost complete la c k  o f k i l l i n g  by f re s h ly  is o la te d  E+ 

e f fe c to rs  from PBL, ranged from  57D to  a lm ost 2DDB% a t 

LB hours and 107 to  2983% between LB hours and 1L days. 

A l l  a d u lts  and c h ild re n  showed enhanced c y to to x ic i t y  

ag a in s t both K-562 and RD ta rg e ts .
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TABLE 11.1

Time course fo r  ind uc tion  o f LAK a c t iv i t y  in  PBL from normal c o n tro ls .

(A) K-562 TARGETS

( i )  E“ EFFECTORS C Y T O T O X I C I T Y

A
NORMAL ADULTS E:T 20:1 50:1

1 

2 

3

48hc

20:1 50:1

l4d  

20:1 50:1

2 7 . 1C 4 2 .8  ( 8 0 .0 ) d 33 .8  6 0 .8  (1 0 5 .2 )  4 3 .0  75 .5

22 .2  30.1 ( 4 0 .0 )  24 .3  39 .5  ( 6 4 .5 )  4 2 .7  60 .5

41 .6  65 .2  (1 2 0 .5 )  6 2 .3  8 6 .9  (2 3 5 .3 )  80 .4  81 .5

NORMAL CHILDREN 

1 

2 

3

21 .9  34 .8  ( 5 5 .6 )  27 .3  46 .5  ( 8 0 .0 )  28 .8  52 .2

13.8 30.7 ( 3 4 .5 )  18 .8  51 .3  ( 9 0 .9 )  28 .7  66 .4

27.1 44 .3  ( 4 1 .7 )  49 .7  65 .5  (2 6 6 .7 )  64 .1 76 .8

(11 )  E+ EFFECTORS 

NORMAL ADULTS 

1 

2 

3

11.1 17.9

8.1 10.8 

6 .3  8 .7

18.5 36 .0  

14.9  31.4  

16.4 26 .5

58.4 71 .2

38 .7  66 .5  

4 1 .3  67 .4

NORMAL CHILDREN 

1 

2 

3

8 .4  12.1

6 .5  7.4

5 .3  5 .3

10.1 21 .2

15.8 32 .6

11.8 21.4

27 .4  58 .3

38 .9  76.4

4 3 .7  71 .9

(1 4 2 .8 )

(1 3 3 .3 )

(4 0 4 .0 )

( 8 7 .0 )  

( 9 5 .2 )

(3 5 7 .1 )
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TABLE 1 1 .1  c o n tin u e d

(B) RD TARGETS

E '  EFFECTORS 

NORMAL ADULTS O
' a

C Y T 0 T 0  X 

48h

I  C I  T Y

14d

1 6 . 7 1 1 .7 ( 1 8 .2 ) 7 .1 1 1 .8 ( 1 8 . 5 ) 1 1 .0 1 1 .8 ( 2 5 .0 )

2 6 . 8 8 . 6 ( 2 0 .6 ) 9 . 5 15 .4 ( 6 0 . 6 ) 1 9 .5 3 2 .8 ( 1 5 3 . 8 )

3 6 . 5 8 . 8 ( 2 2 .4 ) 1 1 .8 1 6 .2 ( 5 9 . 5 ) 2 1 .3 3 7 .4 ( 1 8 1 . 8 )

NORMAL CHILDREN

1 7 .2 7 .3 ( 1 3 .3 ) 6 . 4 7 . 5 ( 1 6 . 7 ) 8 .4 1 2 .6 ( 2 9 .4 )

2 6 .1 8 . 3 ( 1 5 .6 ) 7 . 8 2 2 .6 ( 6 2 . 5 ) 2 8 .7 4 5 . 8 ( 2 4 8 . 0 )

3 5 . 9 9 . 7 ( 1 2 .3 ) 9 . 5 1 6 .5 ( 5 3 . 5 ) 17 .4 3 1 .2 ( 1 1 4 . 9 )

E+ EFFECTORS

NORMAL ADULTS

1 0 .1 0 . 8 7 .4 15.1 3 7 .2 5 7 .8

2 1 .3 1 .3 1 2 .6 2 5 . 8 8 1 . 3 8 4 .7

3 2 . 0 2 .4 1 2 .3 2 4 .3 2 4 .3 5 0 .6

NORMAL CHILDREN

1 1 .7 1.1 7 .1 8 . 4 1 2 .6 1 8 .3

2 2 . 8 3 .1 1 2 .3 2 0 .8 2 7 .4 5 2 .8

3 2.1 2 .4 15.1 2 6 .5 3 9 . 3 6 0 . 8

a )  NK a c t i v i t y  o f  E+ and E -  e f f e c t o r s  a f t e r  f r a c t i o n a t i o n  o f  PBL

b )  PBL were c u l t u r e d  f o r  24h o r  13d in  I L - 2  ( 5 0 U /m l ) ,  then  washed and c u l t u r e d  0 /N  in  medium

w i th o u t  I L - 2 .  C e l l s  were then separated  i n t o  E+ and E -  f r a c t i o n s ,  and c y t o t o x i c i t y
assayed

c )  F ig u r e s  re p re s e n t  $ -^ C r  r e le a s e

d )  F ig u r e s  in  p a r e n th e s is  re p re s e n t  l y t i c  u n i t s  / 1 0 ^ c e l l s ,  c a l c u l a t e d  f o r  E -  e f f e c t o r s  a t  4
E :T  r a t i o s  K -562  (3 0 $ )  RD ( 1 5 $ ) .
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Levels o f  c y to to x ic ity  by both e f fe c to r  p o p u la tio n s  d id  

not increase a f te r  2 weeks c u ltu re  and c e l l  v i a b i l i t y  

began to  decrease between 3 and k weeks, most c u ltu re d  

c e l ls  dy ing by 6 weeks.

The a b i l i t y  o f  PBL from normal a d u lts  c u ltu re d  in  IL -  

2 fo r  2 weeks, to  k i l l  auto logous and a llo g e n e ic  EB\l 

transform ed lym phoblasto id  c e l ls  was examined. None o f 

the  donor e f fe c to r  c e l ls  te s te d  showed s ig n i f ic a n t  

c y to to x ic i t y  aga ins t these ta rg e ts  (da ta  not shown).

1 1 .3 .2  In d u c tio n  o f  LAK A c t iv i t y  in  PBL from  JDM P a tie n ts

( i ) Time Course

The a b i l i t y  o f JDM p a t ie n ts 's  PBL to  develop LAK 

a c t iv i t y  in  response to  IL -2  was assessed by measuring 

c y to to x ic i t y  a g a i n s t  RD and K-562 ta rg e ts .  (F ig

1 1 .1 ) . Results fo r  whole lym phocyte p o p u la tio n s  are 

g iven as the re  were in s u f f ic ie n t  c e l ls  to  f ra c t io n a te  

in to  E+ and E- subpopula tions a t the  s ta r t  o f  c u ltu re .  

Lymphocytes were obta ined from  6 JDM p a t ie n ts ,  2 o f  

whom were tes te d  on 2 separate occas ions. C e lls  from 

a l l  p a t ie n ts  tes te d  responded to  IL -2  by g iv in g  

enhanced le v e ls  o f c y to to x ic i t y  a f te r  7 o r U  days in  

c u ltu re .  The le v e ls  o f  enhancement v a r ie d  from  20- 

100% fo r  K-562 ta rg e ts  and 20-150% fo r  RD ta rg e ts .  

C y to to x ic ity  by c u ltu re d  c e l ls  was found to  be maximal 

a f te r  1 - 2  weeks and v ia b i l i t y  decreased a f te r  2 -  3

weeks c u ltu re .  Most c e l ls  had d ied  a f te r  k -  5 weeks.

A l l  p a t ie n ts  were re c e iv in g  c o r t ic o s te ro id s .  P a tie n t 

LM was re c e iv in g  12 mg and A mg p redn iso lone  d a i ly  a t
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the  tim e o f the f i r s t  and second te s ts ,  re s p e c t iv e ly .  

P a tie n t PO was re c e iv in g  20 mg and 5 mg p redn iso lone  

d a i ly  a t the  tim e o f the f i r s t  and second te s ts ,  

re s p e c t iv e ly .

( i i )  Comparison o f  LAK A c t iv i t y  in  C e lls  From C o n tro ls  and 
JDM P a tie n ts

PBL ob ta ined  from B normal a d u lts ,  6 normal c h ild re n  

and 12 JDM p a tie n ts  were c u ltu re d  in  IL -2  (50 U/m l) 

c o n ta in in g  medium. C e lls  were separated in to  E+ and 

E- f ra c t io n s  a f te r  c u ltu re  fo r  14 days and c y to to x ic  

a c t iv i t y  o f  each f ra c t io n  measured. C y to to x ic ity  

va lues fo r  E:T r a t io  o f  20:1 are shown in  F ig  11 .2 .

There were no s ig n if ic a n t  d if fe re n c e s  in  le v e ls  o f 

c y to to x ic i t y  induced in  lymphocytes from  normal a d u lts  

and normal c h ild re n . The mean le v e ls  o f  c y to to x ic i t y  

by normal c h ild re n s 's  c e l ls  a g a in s t K-562 and RD 

ta rg e ts  re s p e c tiv e ly  w e re :- E- e f fe c to rs  62, 33%; E+ 

e f fe c to rs  31, 34%. The mean le v e ls  o f  c y to to x ic i t y  by 

normal a d u lts 's  c e l ls  a g a in s t K-562 and RD ta rg e ts  

re s p e c t iv e ly  were: E- e f fe c to rs  74, 40%; E+ e f fe c to rs

29, 26%. C y to to x ic ity  by E- e f fe c to rs  a g a in s t K-562

but not RD ta rg e ts  was s ig n i f ic a n t ly  g re a te r  than E+ 

e f fe c to rs  (p < 0 .0 1 ) .

The mean le v e l o f  c y to to x ic i t y  by JDM p a t ie n ts 's  E- 

c e l ls  a g a in s t K-562 and RD ta rg e ts  were 20 and 12% 

re s p e c t iv e ly .  These means were s ig n i f ic a n t ly  low er 

(p < 0 .0 1 )  than the correspond ing  mean le v e ls  o f  

c y to to x ic i t y  o f  normal E- c e l ls .  The mean le v e ls  o f
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Figure 11.1 Time course fo r  in d u c tio n  o f LAK a c t iv i t y  in  c e l ls  from 
JDM p a t ie n ts .  PBL were c u ltu re d  in  IL -2  (50 U/m l) and c y to to x ic i t y  
a g a in s t (A, B) K-562 ta rg e ts  and (C, D) RD ta rg e ts ,  measured a t days 
1, 7 and 1A. C e lls  were obta ined from p a t ie n ts  PO and LM on 2
separa te  occasions. The E:T r a t io  was 20 :1 .
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Figure 11.2. LAK a c t iv i t y  by c e l ls  from normal c o n tro ls  and JDM 
p a t ie n ts .  PBL mere c u ltu re d  in  IL -2  (50 U /m l) fo r  14 days, then 
fra c t io n a te d  in to  E+ and E- popu la tions  and c y to to x ic i t y  measured 
a g a in s t (A) K-562 ta rg e ts  and (B) RD ta rg e ts .  The E:T r a t io  was 20 :1 .
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c y to to x ic i t y  by JDM p a t ie n ts 's  E+ c e l ls  a g a in s t K-562 

and RD ta rg e ts  were 1A and 11% re s p e c t iv e ly .  These 

means were s ig n i f ic a n t ly  low er (p < 0 .01 ) than the 

correspond ing  mean le v e ls  o f  c y to to x ic i t y  o f  normal E+ 

c e l ls .

Normal and p a t ie n t PBL (3 normal a d u lts ,  3 JDM 

p a t ie n ts )  were a lso  c u ltu re d  fo r  6 days in  a h ig h e r 

c o n c e n tra tio n  o f  IL -2  (5D0U/m l). The le v e ls  o f  

c y to to x ic i t y  induced in  p a t ie n t  lymphocyte p o p u la tio n s  

were aga in  s ig n i f ic a n t ly  reduced (p < 0 .0 1 )  compared to  

normal a d u lts  (data not shown). T he re fo re :

(1 ) Development o f  LAK a c t iv i t y  by JDM p a t ie n ts 's  

c e l ls  was im paired compared to  c o n tro ls .

(2 ) Im paired development o f  LAK a c t iv i t y  by c e l ls  

from JDM p a tie n ts  was not due to  a h ighe r 

th re sh h o ld  fo r  IL -2  responsiveness than c o n tro l 

c e l l s .

The com p lex ity  o f in te ra c t io n s  which must be taken 

in to  account w ith  p o ly c lo n a l c e l l  p o p u la tio n s  can be 

s im p l if ie d  and c la r i f i e d  by experim ents on c lo n a l 

p o p u la tio n s . Therefore  l im i t in g  d i lu t io n  a n a ly s is  was 

ap p lie d  to  determ ine LAK c e l l  p re cu rso r freq uenc ies  

and p rov id e  in fo rm a tio n  on the  fu n c t io n a l a c t iv i t y  o f  

LAK c e l ls  a t the  c lo n a l le v e l.
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11.3.3 Precursor Frequencies of LAK Cells From Normal Controls and 
JDM Patients

P recursor frequencies were determ ined fo r  LAK c e l ls  from  k 

normal a d u lts ,  k normal c h ild re n  and 6 JDM p a t ie n ts .  Two 

p a t ie n ts  (GH and NC) were un trea ted  when te s te d . The re s t  o f  

the  p a t ie n ts  mere re c e iv in g  p redn iso lone  a lone , except JK mho 

was a lso  re c e iv in g  a z a th io p r in e . F ig  11.3 shows a 

re p re s e n ta tiv e  experiment in  which LAK c e l l  p recu rso r 

freq uenc ies  were determined fo r  a normal c h i ld  and a p a t ie n t 

a t 5 d i f fe r e n t  responder c e l l  c o n c e n tra tio n s . The p recu rso r 

freq uenc ies  are shown in  Table 11 .2 . The data ob ta ined  

suggested th a t a s in g le  c e l l  was l im i t in g  as the  re g re ss io n  

l in e s  f i t t e d  the  Poisson d is t r ib u t io n  (p <0.D 5) in  a l l  

cases. The frequencies o f LAK c e l ls  from  normal a d u lts  and 

c h ild re n  d id  not d i f f e r  s ig n i f ic a n t ly  and freq uenc ies  ranged 

from  1/605 -  1/20B0 and 1/55D -  1/1765 fo r  c e l ls  from

c o n tro ls  aga ins t K-562 and RD c e l ls  re s p e c t iv e ly .  Comparison 

o f  frequenc ies  o f LAK c e l ls  fo r  the  2 ta rg e t  c e l ls  showed no 

s ig n i f ic a n t  d iffe re n c e s . Frequencies o f  LAK c e l ls  from JDM 

p a t ie n ts  ranged from 1/2030 -  1/15030 and 1/2100 -  1/13060

fo r  K-562 and RD c e l ls  re s p e c t iv e ly .  The freq uenc ies  o f  LAK

c e l ls  from p a tie n ts  d i f f e r e d . s ig n i f ic a n t ly  from  c o n tro ls  

(p < 0 .0 1 )  fo r  both ta rg e t c e l ls .

The 2 un trea ted  p a tie n ts  had the  low est numbers o f 

p re cu rso rs . Two normal a d u lts  and 2 JDM p a t ie n ts  (JK and PO)

were te s te d  on 2 separate occasions. No d if fe re n c e s  in  LAK

p recu rso r frequencies between the  2 occasions were observed 

(da ta  not shown). P a tie n t JK had severe v a s c u l i t is  when f i r s t  

te s te d  and m ild  v a s c u l i t is  when te s te d  subsequen tly .
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Figure 11.3 .

R epresen ta tive  p recu rso r frequency d e te rm in a tio n  o f  LAK c e l ls  from a 
normal c h i ld  (NC) and a p a tie n t (P0). L im it in g  d i lu t io n s  o f PBL
were c u ltu re d  w ith  1 x 10 pooled a llo g e n e ic  normal PBM and IL -2  (50
U /m l). LAK a c t iv i t y  aga ins t (A) K-562 and (B) RD ta rg e ts  was
determ ined a f te r  10 days. The Poisson equa tion  s ta te s  th a t  a t the
p o in t where the  p ro p o rtio n  o f non-responder c u ltu re s  equals 0 .37 , the
frequency o f  LAK c e l ls  in  the responder c e l l  c u ltu re s  is  1.
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TABLE 11.2.

Precursor Frequencies o f  LAK C ells  from Normal C on tro ls  and JDM P a tien ts

Donors

C o n tro ls

NAC

NA

NA

NA

NC

NC

NC

NC

JDM P a tie n ts  

PD 

JK 

LM 

HM 

NC 

GH

Frequency'

1/1 A60 

1/6B5 

1/1280 

1/1660 

1/1125 

1/700 

1/965 

1/2080

1/2830 

1/5180 

1/12860 

1/A505 

1/15830 

1/10190

K-562 

1295 -  1690)b 

600 -  825)

1150 -  1470) 

1A05 -  2150) 

975 -  1260) 

710 -  870) 

0AO -  1150) 

1735 -  2135)

25A0 -  3260) 

AA55 -  5965) 

10995 -  1AA35) 

A260 -  5250) 

13360 -  193A5) 

8500 -  11775)

1/1105

1/550

1/960

1/1235

1/0AO

1/665

1/910

1/1765

1/2180

1/A735

1/11760

1/A320

1/13060

1/9125

RD

1010 -  1375) 

ABO -  675)

8AO -  1225) 

1055 -  1580) 

715 -  1060) 

595 -  775) 

805 -  1090) 

1525 -  2180)

18A0

A250

10A25

3865

12130

7680

2560)

5A90)

13280)

A9B5)

16315)

113A5)

Precursor freq uenc ies  were determ ined fo r  v a ry in g  numbers o f PBL 
c u ltu re d  w ith  1 x 10 pooled, a llo g e n e ic , normal PBM and IL -2  (50 
U/m l)

b Data in  pa ren the s is  are the 95% confidence in te r v a ls  

C NA = Normal A d u lt NC = Normal C h ild

198



In  o rde r to  compare fu n c t io n a l a c t iv i t y  as w e ll as p recu rso r 

fre q u e n c ie s , c y to to x ic it y  was a lso  determ ined in  l im i t in g  

d i lu t io n  c u ltu re s  a t a c e l l  c o n c e n tra tio n  when th e re  was le ss  

than 1 p recu rso r c e l l  p re s e n t/w e ll,  and these re s u lts  are 

shown in  F ig  11 .4 . Normal donors had mean le v e ls  o f  

c y to to x ic i t y  o f 52 and 50 a g a in s t K-562 and RD ta rg e ts

re s p e c t iv e ly ,  whereas the va lues fo r  JDM p a t ie n ts  were 10 and

25 a g a in s t K-562 and RD re s p e c t iv e ly .  The mean le v e ls  o f

c y to to x ic i t y  by c lo n a l LAK c e l ls  from  p a t ie n ts  were

s ig n i f ic a n t ly  le ss  (p< 0 .05) than th a t  from  normal c o n tro ls  

fo r  both ta rg e t  c e l ls .  The number o f  LAK c e l ls  ob ta ined  from 

c lo n a l w e lls  was approx im ate ly  2 x 10 and the  E:T r a t io  was 

th e re fo re  4 :1 .

In d iv id u a l w e lls  co n ta in in g  LAK c e l ls  c u ltu re d  a t a p recu rso r 

frequency o f  le ss  than 1 c e l l / w e l l  were examined fo r  ta rg e t  

s p e c i f i c i t y .  G reater than 00% o f  p o s it iv e  w e lls  from both 

normal c o n tro ls  and p a tie n ts  con ta ined LAK c e l ls  which k i l le d  

both K-562 and RD ta rg e ts .

These experim ents in d ic a te d  th a t  a s in g le  p re cu rso r LAK c e l l  

was l im i t in g .  However, coope ra tion  between lym phocyte sub

p o p u la tio n s  in  the in d u c tio n  o f LAK a c t iv i t y  had been 

observed by o th e r workers (Stephens e t a l ,  1905). Evidence 

o f such coopera tion  was th e re fo re  sought in  b u lk  cu lu re  

experim ents.
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C y to to x ic  a c t iv i t y  o f  LAK precursor c e l ls  from  normal c o n tro ls ,  
in c lu d in g  normal a d u lts  (open c i r c le ) ,  normal c h ild re n  (c losed  
c ir c le s )  and JDM p a t ie n ts .  Each p o in t rep resen ts  the  mean 
c y to to x ic i t y  ( c y to to x ic i t y  index) o f  m u lt ip le  c lo n a l u e l ls  from a 
s in g le  in d iv id u a l .  The responder c e l l  c o n c e n tra tio n  chosen conta ined 
le s s  than 1 LAK p recursor c e l l /w e l l  accord ing  to  the  Poisson 
d is t r ib u t io n .
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11.3.4 Generation o f LAK A c t iv i ty  in  P u r if ie d  CD3+ and CD16+ C e lls

P u r if ie d  CD3+ and CD16+ c e l ls  were ob ta ined  from  3 normal 

a d u lts  by E ro s e t t in g ,  fo llo w e d  by d e le t io n  o f  re s id u a l 

con tam ina ting  c e l ls  by complement mediated ly s is .

( i )  CD3 C e lls .  P u r if ie d  T c e l ls  were 97-98% CD3+. CD16+

o r CD21+ c e l ls  comprised le s s  than 1% o f  the

p o p u la tio n . The c e l ls  were c u ltu re d  in  IL -2  (1D0U/ml) 

and phenotypes, c y to to x ic  fu n c t io n  and p r o l i f e r a t io n  

measured a t weekly in te rv a ls  (Table 1 1 .3 ) . T c e l ls

grew w e ll in  IL -2  alone and m u lt ip l ie d  B-15 fo ld  by 14 

days. High le v e ls  o f p r o l i f e r a t io n  were ob ta ined  a t 7 

and 14 days. P r o l i fe ra t io n  decreased a f te r  14 days and 

c u ltu re s  d ied a f te r  4-5 weeks. Phenotypic a n a ly s is  

showed th a t  T c e l ls  were not induced to  express CD16 in  

c u ltu re ,  a lthough the percentage o f  CD25 express ing  T 

c e l ls  increased to  between 27-36% a f te r  14 days.

C y to to x ic ity  aga ins t RD ta rg e ts  was not enhanced by 

c u ltu re  in  IL -2  and was a lso  no t enhanced a g a in s t K-562 

c e l ls  (da ta  not shown). S im ila r  le v e ls  o f  le c t in -  

in d u c e d -c e llu la r -c y to to x ic ity  (L IC C ), 504 + 43 and 505 

+ 52 LV, were observed fo r  u n c u ltu re d  and c u ltu re d

c e l ls  re s p e c t iv e ly .

( i i )  CD16 C e lls .  P u r ity  o f  CD16+ c e l ls  was 73-01% a f te r  

f ra c t io n a t io n  and d e p le t io n . A m inor p o p u la tio n  o f 

CD16- Leu7+ (\IK c e l ls  has been re p o rte d  (L a n ie r  e t a l ,  

1983) which may comprise most o f  the  CD16- CD3- 

p o p u la tio n . The p u r if ie d  p o p u la tio n  con ta ined  1-2% 

monocytes and le ss  than 1% CD3+ and CD21+ c e l ls .  The
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TABLE 11.3

Phenotypic and fu n c t io n a l c h a ra c te r is t ic s  o f  p u r i f ie d  normal CD3 and 
GDI6 c e l ls  c u ltu re d  in  IL -2 .

Phenotype -  T Uptake*3 LU/10^ C e lls c

I .

CD3 CD16 CD25 (CPM)

CD3 PHA

□ 90a <1 2 395 + BA AB 625
7 days 9B <1 1B A3,266 + 3,729 66 71A

1A days 9B <1 27 3B,215 + 2, A31 57 526

CD16

□ <1 B1 1 31B + 27 110 133
1A days <1 79 36 7 ,ABA + 1,050 1,120 B52

CD3

□ 9B <1 1 A7A + 59 125 5BB
1A days 9B <1 33 53,237 +

COmin 1B0 610

CD16

□ <1 73 3B3 + 37 160 1B0
1A days <1 77 2B 10,A32 + 3, A13 1,3  A0 750

CD3

□ 97 <1 1 532 + 210 70 5A0
1A days 9B <1 27 A2,1A1 + 6,1 BA B3 620

a F igures rep resen t % p o s it iv e  c e l ls .

3 5b H -  T was added to  t r ip l i c a t e  c u ltu re s  o f  2 x 10 c e l ls ,  a t the
tim e p o in ts  in d ic a te d , and H -  T in c o rp o ra tio n  measured.

c C y to to x ic ity  a ga ins t RD ta rg e ts  measured a t 3 E:T ra t io n s  in  the  
presence o r absence o f PHA (2 u g /m l) . L y t ic  u n its  (LU) measured 
a t 15% c y to to x ic i t y .
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p u r if ie d  l\IK c e l ls  grew very p o o rly  in  IL -2  (5tJU/ml) and 

had died by 14 days. In c re a s in g  the  c o n c e n tra tio n  o f 

IL -2  to  500 U/ml had no e f fe c t  on m a in ta in in g  

v ia b i l i t y ,  probably due to  la c k  o f  c o fa c to rs ,  as has 

p re v io u s ly  been reported  (C hris tm as, Meager and Moore, 

1987). CD16+ c e l ls  were th e re fo re  grown in  the

presence o f ir ra d ia te d ,  auto logous PBMC and PHA (Dr S 

Christm as, personal communication) as w e ll as IL -2 . 

Under these c o n d itio n s , 2 out o f  3 c u ltu re s  grew w e ll 

fo r  14 days, m u lt ip ly in g  8 fo ld ,  a lthough  th e re  were 

in s u f f ic ie n t  c e l ls  to  assay a t 7 days. P r o l i f e r a t io n  

decreased from 2-3 weeks and c e l ls  had d ied  by 4 weeks. 

The 3rd c u ltu re  d id  not respond and d ied  w ith in  14 

days.

P r o l i fe ra t io n  o f NK c e l ls  in  the  2 s u rv iv in g  c u ltu re s  

a t 14 days, was 2.5 to  6 fo ld  le s s  than fo r  the  same 

number o f i n i t i a l  T c e l ls .  The phenotype a t 14 days 

showed th a t the percentage o f CD16+ c e l ls  had v a r ie d  by 

le s s  than 5%. There was no inc rease  in  CD3+ c e l ls  but 

CD25 expression increased to  28-36% (F ig  1 1 .5 ) . 

C y to to x ic  a c t iv i t y  a ga ins t RD ta rg e ts  had increased 9 - 

10 fo ld  a t 14 days, but a d d it io n  o f  PHA to  the  

c y to to x ic  assay in h ib ite d  k i l l i n g  by 25-44%. S im ila r  

r e s u lts  were obtained fo r  K-562 ta rg e ts  (da ta  not 

shown).

T he re fo re , coopera tion  between both CD16+ and CD3+ 

subsets and o the r mononuclear c e l ls  appeared to  be 

re q u ire d  to  achieve optimum LAK a c t iv i t y  by both
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lymphocyte p o p u la tio n s . A lthough p u r i f ie d  CD3+ c e l ls  

cou ld  not express LAK a c t iv i t y  when c u ltu re d  a lone , i t  

was poss ib le  th a t c o c u ltu re s  o f  CD3+ w ith  o th e r 

mononuclear c e l ls  could generate LAK a c t iv i t y  in  CD3+ 

c e l ls .

1 1 .3 .5  E f fe c t  o f  D e p le tion  o f  CD3+ and CD16+ C e lls  on C y to to x ic i ty  
o f  C u ltu re d  PBL

This  experiment was designed to  examine whether CD3+ c e l ls  

cou ld  express LAK a c t iv i t y  in  coop e ra tion  w ith  o th e r c e l ls  in  

a normal PBL p o p u la tio n . A fu r th e r  in te n t io n  was to  exp lo re  

the  presence o f c y to to x ic  CD16 c e l ls  w ith in  the  E+ 

p o p u la tio n . PBL from 2 normal c h ild re n  were c u ltu re d  fo r  2 

weeks in  IL -2  co n ta in in g  medium (50 U /m l). The c e l ls  were 

then harvested and separated in to  E+ and E- f r a c t io n s .  The 

E+ f r a c t io n  was then d iv id e d  in to  3 a l iq u o ts .  One a l iq u o t  

was dep le ted  o f CD3+ c e l ls  and the second o f  CD16+ c e l ls  by 

complement ly s is .  The d e p le tio n  o f  CD3+ c e l ls  v a r ie d  from 

70-83%, w h ile  th a t o f  CD16+ c e l ls  v a r ie d  from 87-95%. The 

3rd a l iq u o t  was tre a te d  w ith  complement a lone . The dep le ted  

and c o n tro l a liq u o ts  were then te s te d  fo r  c y to to x ic i t y  (F ig  

1 1 .6 ) . Comparison o f l y t i c  u n its  a t 20% c y to to x ic i t y  showed 

th a t  d e p le tio n  o f CD3+ c e l ls  had no s ig n i f ic a n t  e f fe c t  on K- 

562 k i l l i n g .  However, the re s u lts  fo r  RD c e l ls  showed 

s ig n i f ic a n t  reduc tio ns  in  c y to to x ic i t y  (p< D .D 5) by the  CD3 

dep le ted  a liq u o t  compared w ith  c o n t ro l.  The mean 

c y to to x ic i t y  values fo r  RD ta rg e ts  be fo re  and a f te r  d e p le tio n
7

o f CD3+ c e l ls  were 273 and 104 LU/10 c e l ls  re s p e c t iv e ly .
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Fig 11.6. E ffe c t o f  d e p le tio n  o f CD16+ and CD3+ c e l ls  on c y to to x ic  
a c t iv i t y  o f  E+ LAK c e l ls .  PBL from 2 normal ch ildhood  donors were 
c u ltu re d  fo r  2 weeks in  IL -2  (50 U /m l). C e lls  were then f ra c t io n a te d  
and the  E+ p o p u la tio n  dep le ted o f  CD16+ o r CD3+ c e l ls .  Closed symbols 
rep resen t c y to to x ic i t y  by undepleted c o n tro l E+ p o p u la tio n s  from (A, 
C) donor 1 and (B, D) donor 2 aga ins t (A, B) K-562 and (Cf D) RD 
ta rg e ts .  Bpen symbols represent c y to to x ic i t y  by CD34- dep le ted  c e l ls  
( c ir c le s  and t r ia n g le s )  and CD16+ dep le ted  c e l ls  (squares and 
diamonds), re s p e c t iv e ly .
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D ep le tion  o f E+ e ffe c to rs  o f  CD16+ c e l ls  a lso  s ig n i f ic a n t ly  

reduced c y to to x ic i t y  aga ins t RD ta rg e ts  (p <0.(31).

Treatment o f  e f fe c to r  c e l ls  u i th  complement a lone had no 

s ig n i f ic a n t  e f fe c t  on c y to to x ic  a c t i v i t y .

T he re fo re , CD3+ c e l ls  could develop LAK a c t iv i t y  when 

c u ltu re d  u i th  o th e r PBL. Houever, a m inor p o p u la tio n  o f 

CD16+ c e l ls  u i th in  the E+ p o p u la tio n  a lso  c o n tr ib u te d  to  LAK 

a c t i v i t y .

These experim ents in d ic a te d  th a t  CD16+ c e l ls  uere the 

p r in c ip a l LAK e f fe c to rs .  Since the  m a jo r ity  o f  p re cu rso r LAK 

c e l ls  uere shoun to  k i l l  both ta rg e t  c e l l  l in e s  (Ch 1 2 .3 .3 ) ,  

most p recu rso r LAK c e l ls  uere p robab ly  a lso  CD16+.

11.3 .6  Induction of Cytotoxic A ctiv ity  in  Normal T Cells Through a 
CD16+ C ell Intermediary

( i )  The E ffe c t  o f  A d d itio n  o f  LAK E- C e lls  on C y to to x ic  
A c t iv i t y  o f  Fresh E+ and CD3+, A llo g e n e ic  C e lls

The fo l lo u in g  2 experim ents uere designed to

c o n c lu s iv e ly  shou th a t CD3+ T c e l ls  cou ld  develop LAK

a c t iv i t y  through the coope ra tion  o f  an in te rm e d ia ry

c e l l  and to  id e n t i f y  t h is  in te rm e d ia ry .

PBL from normal ch ildhod  donors uere c u ltu re d  fo r  6 

days in  IL -2  (50 U/m l) c o n ta in in g  medium. The c e l ls  

uere then separated in to  E+ and E- f r a c t io n s ,  re fe r re d  

to  as the  ‘ a c t iv a te d 1 f r a c t io n s .  The expe rim en ta l 

design is  o u t lin e d  sc h e m a tic a lly  as fo l lo u s :
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PBL

C u ltu re  in  IL -2 PBL ( f re s h ly  is o la te d ,  a llo g e n e ic )

E-
E+ (a c t iv a te d )  E- ------ ► E+

CD16+ CD3+

Measure c y to to x ic i t y  
a ga ins t RD ta rg e ts

C ocu ltu re  0/IM o f  lymphocyte subpopu la tions .

In c re a s in g  numbers o f a c t iv a te d  E- c e l ls  from 2 

norm al, ch ildhood  donors were added to  a constan t

p u r i f ie d  CD3+ c e l ls  from 2 norm al, a d u lt  donors and 

c o c u ltu re d  0/N. An a l iq u o t  o f  each c e l l  f r a c t io n  was 

a lso  c u ltu re d  sepa ra te ly  0/N . C y to to x ic  a c t iv i t y  o f  

the  va rio u s  c e l l  f ra c t io n s  was then determ ined a g a in s t 

RD ta rg e ts  (F igs  11.7 and 1 1 .8 ) . C y to to x ic i ty  by the 

c o c u ltu re d  c e l ls  showed a dose-response e f fe c t  i . e .  

in c re a s in g  c y to to x ic i t y  w ith  in c re a s in g  numbers o f 

added a c t iv a te d  E- c e l ls .

The re s u lts  showed th a t  enhanced c y to to x ic i t y  was not 

due to  a s im ply a d d it iv e  e f fe c t  and fu rth e rm o re , th a t 

E- c e l ls  c u ltu re d  in  the  presence but not the  absence 

o f  IL -2  cou ld  induce enhanced c y to to x ic i t y  in  fre s h , 

norm al, a llo g e n e ic  E+ or CD3+ c e l ls  (da ta  not shown).

4
number (B x 10 ) o f  fre s h , normal a llo g e n e ic  E+ or
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( i i )  In d u c tio n  o f  C y to to x ic ity  in  Normal E+ C e lls  Through A 
CD16+ In te rm ed ia ry  C e lls

The ro le  o f CD16+ LAK E- c e l ls  in  induc ing  

c y to to x ic i t y  in  normal E+ c e l ls  was in v e s tig a te d  by 

d e p le tin g  CD16+ c e l ls  from LAK E- p o p u la tio n s  de rive d  

from c u ltu r in g  PBL from 2 normal c h ild re n  fo r  6 days 

in  IL -2  (5D U /m l). The CD16 de p le te d , and c o n t ro l,  

LAK E- c e l ls ,  tre a te d  w ith  complement a lone , from each 

donor uere cocu ltu red  D/N w ith  fre s h , norm al, 

a llo g e n e ic  E+ c e l ls  and c y to to x ic i t y  o f  the  co c u ltu re d  

c e l ls  aga ins t RD ta rg e ts  then measured (F ig  1 1 .9 ). 

D ep le tion  o f  CD16+ c e l ls  a b la ted  the  a b i l i t y  o f  LAK E- 

c e l ls  to  induce c y to to x ic i t y  in  E+ c e l ls .

T he re fo re , CD16+ LAK c e l ls  a c t as in te rm e d ia r ie s  in  

conveying the s ig n a ls  re q u ire d  by T c e l ls  to  develop 

non-MHC re s t r ic te d  c y to to x ic i t y .  Since LAK c e l ls  from 

normals cou ld  perform  re g u la to ry  fu n c t io n s  in  r e la t io n  

to  T c e l ls ,  the a b i l i t y  o f  LAK c e l ls  from JDM p a t ie n ts  

to  e xe rc ise  these fu n c tio n s  mas in v e s tig a te d .
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11 .3 .7  The E ffe c t  o f  A d d it io n  o f  LAK E- C e lls  from  JDM P a tie n ts  on 
C y to to x ic  Function  o f  Fresh Normal, A llo g e n e ic  E+ C e lls

Donor PBL from 6 JDM p a tie n ts  were c u ltu re d  fo r  6 days in

IL -2  (50 U /m l). The c e l ls  mere then fra c t io n a te d  and the  E-

f ra c t io n s ,  re fe rre d  to  as a c t iv a te d ,  re ta in e d . In c re a s in g

numbers o f a c t iv a te d  JDM E- c e l ls  uere added to  a constan t

number (B x 10 ) o f fre s h , E+ c e l ls  from  3 normal a d u lt

donors and co cu ltu re d  D/IM. C y to to x ic  a c t iv i t y  o f  the

co cu ltu re d  c e l ls  uere then determ ined a g a in s t RD ta rg e ts .

R esults  are shown fo r  3 JDM p a t ie n ts 's  c e l ls  co c u ltu re d  w ith

1 normal a d u lt  donor's  c e l ls  (F ig  1 1 .1 0 ). C e lls  from JDM

p a tie n ts  were unable to  induce c y to to x ic i t y  in  normal E+

c e l ls .  S im ila r  re s u lts  were ob ta ined  us ing  c e l ls  from 2

o th e r normal a d u lt  donors (data not shown).

These re s u lts  th e re fo re  im p lie d  th a t  i n a b i l i t y  to  generate 

normal le v e ls  o f LAK a c t iv i t y  in  c e l ls  from JDM p a t ie n ts  

cou ld  be due to  d e fe c tiv e  coop e ra tion  between lymphocyte 

p o p u la tio n s , as w e ll as o r as a consequence o f  low p recu rso r 

freq uenc ies  o f  LAK c e l ls .
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11.4 DISCUSSION

11.4.1 Ind uc tio n  o f LAK A c t iv i ty  in  Normal PBL Populations

The le v e ls  o f  LAK c y to to x ic  a c t iv i t y  induced in  lymphocyte 

subpopu la tions from normal a d u lts  and c h ild re n  uere not 

s ig n i f ic a n t ly  d i f f e r e n t .  S im ila r  re s u lts  uere re p o rte d  by 

T ild e n  e t a l (1986).

The k in e t ic s  o f  in d u c tio n  o f LAK a c t iv i t y  has been shown, in  

o th e r s tu d ie s , to  be dependent on the  IL -2  c o n c e n tra tio n  

used. C oncentra tions o f IL -2  in  excess o f  50DU/ml induced 

maximal c y to to x ic i t y  a f te r  c u ltu re  fo r  18 hours ( P h i l l ip s  

and L a n ie r, 1986). I t  seemed p o s s ib le  th a t  the  use o f  low er 

c o n ce n tra tio n s  o f IL -2  would re q u ire  lo n g e r pe rio ds  o f tim e 

fo r  gen e ra tion  o f maximal c y to to x ic i t y .  Th is  was found to  be 

the  case in  these experim ents, which showed th a t  maximal 

c y to to x ic i t y  by normal PBL and p u r i f ie d  CD16+ c e l ls  was 

achieved a f te r  c u ltu re  fo r  7 days in  5DU/ml IL -2 .

I n i t i a l  experim ents demonstrated th a t  p u r i f ie d  CD16+ c e l ls  

d id  not p r o l i fe r a te  in  response to  IL -2  a lone and d ied  in  

c u ltu re  (Ch 1 1 .3 .4 ) .  The slow growth ra te  o f  CD16+ c e l ls  in  

IL -2  compared to  CD3+ c e l ls  has been observed p re v io u s ly  

(A llavena  and B rta ld o , 1984). CD16+ c e l ls  have been shown to

re q u ire  h ig h e r concen tra tions  o f IL -2  to  m a in ta in  growth than 

CD3+ c e l ls  (l/an de Griend e t a l ,  1984), and th e re fo re ,  

p u r i f ie d  CD16+ c e l ls  were c u ltu re d  in  a 10 fo ld  increase  in  

IL -2  c o n c e n tra tio n s . CD16+ c e l ls  were s t i l l  no t v ia b le  in  

t h is  co n c e n tra tio n  o f IL -2 . Support fo r  these re s u lts  comes 

from the  s tu d ie s  o f  Lange (A Lange, pe rsona l com m unication), 

who found th a t CD16+ c e l ls  do not s u rv iv e  lo n g e r than 1 week
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in  IL -2  alone and suggested th a t  an a u to c r in e  nega tive  

feedback pathway, induced by fa c to rs  such as TNFa, m ight be 

in h ib i t in g  c e l l  growth.

The a d d it io n  o f  ir ra d ia te d  PBMC p lus  PHA supported the  growth 

o f p u r i f ie d  CD16+ c e l ls  from some but not a l l  normal 

in d iv id u a ls  in  the presence o f IL -2 . I t  is  th e re fo re  

p o s s ib le  th a t  fa c to rs ,  o ther than IL -2 , re leased  by PBMC in  

response to  PHA may synerg ise w ith  IL -2  to  promote growth o f 

CD16+ c e l ls  (C hristm as, Meager and Moore, 19B7). Severa l 

c y to k in e s , in c lu d in g  IL -1  (Dppenheim e t a l ,  19B6), IL -2  and 

IL -A  (D 'G arra e t a l ,  19BB) have been shown to  promote the 

growth o f  c y to to x ic  T c e l ls .  A l te rn a t iv e ly ,  an IL -2  

independent pathw ay.o f CD16+ c e l l  p r o l i f e r a t io n ,  such as has 

been re p o rte d  fo r  s t im u la t io n  by K-562 c e l ls  ( P h i l l ip s  and 

L a n ie r, 19B5) could have occurred . Th is  seemed le s s  l i k e l y ,  

though, s ince  the percentage o f CD16+ c e l ls  coexpressing CD25 

was g re a t ly  enhanced in  c u ltu re .

Severa l p ieces o f evidence in d ic a te d  th a t  PHA had not 

s tim u la te d  p r o l i fe r a t io n  o f con tam ina ting  T c e l ls  w ith in  the  

CD16+ p o p u la tio n :

(a) th e re  was no increase in  c e l ls  express ing  CD3 phenotype 

d u rin g  c u ltu re  in  IL -2 ;

(b) LICC cou ld  on ly  be induced in  c u ltu re s  o f  p u r i f ie d  CD3+ 

not CD16+ c e l ls ;

(c ) LAK a c t iv i t y  could on ly be induced in  c u ltu re s  o f  CD16+ 

but not CD3+ c e l ls .
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A lthough , apparent coopera tion  between lym phocyte subsets in  

the  in d u c tio n  o f LAK a c t iv i t y  was th e re fo re  observed in  bu lk  

c u ltu re ,  th is  was not observed a t l im i t in g  d i lu t io n  (Ch 

1 1 .3 .3 ) where a s in g le  c e l l  was l im i t in g .  I t  is  p o ss ib le  

th a t  the  negative  feedback pathway, suggested by Lange, is  

not observed under l im i t in g  d i lu t io n  c o n d it io n s .

The obse rva tion  th a t CD16+ c e l ls  were no t induced to  express 

CD3 du rin g  c u ltu re  in  IL -2  is  in  accordance w ith  a p rev ious 

re p o r t (London, Perussia and T r in c h ie r i ,  1906). However, 

cloned CD16+ c e l ls  have been re po rte d  to  express T c e l l  

markers in c lu d in g  CD3 (Christm as, Meager and Moore, 1987). 

I t  seems p o ss ib le  th a t the la t t e r  r e s u lt  was due to  c lo n a l 

expansion o f CD16+ c e l ls  coexpressing CD3 (L a n ie r  e t a l ,  

1985) ra th e r  than in d u c tio n  de novo o f CD3 d u rin g  c u ltu re .

P u r if ie d  CD3+ c e l ls  appeared to  p r o l i fe r a te  more s tro n g ly  in  

response to  IL -2  than CD16+ c e l ls .  P r o l i f e r a t io n  may, 

however, be due to  a m inor p o p u la tio n  o f  low d e n s ity  T c e l ls  

(London, Perussia and T r in c h ie r i ,  1986) which then ra p id ly  

d iv id e  over the pe riod  in  c u ltu re .  However, these T c e l ls  

d id  not express LAK a c t iv i t y .  The p re cu rso r p o p u la tio n  o f 

these IL -2  re a c tiv e  T c e l ls  may be a m inor p o p u la tio n  o f 

a c t iv a te d  T c e l ls ,  present in  the  p e r ip h e ra l b lood o f normal 

in d iv id u a ls  (London, Perussia and T r in c h ie r i ,  1986).

1 1 .A .2 Are T C e lls  Capable o f  Expressing LAK A c t iv i t y ?

Since E+ c e l ls  derived from c u ltu re s  o f  normal PBL cou ld  

express LAK a c t iv i t y ,  ye t c u ltu re s  o f  p u r i f ie d  CD3+ c e l ls  

cou ld  n o t, the question  arose as to  whether the  E+ p o p u la tio n  

expressing  LAK a c t iv i t y  uere in  fa c t  T c e l ls .  CD3+ c e l l
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d e p le tio n  from c u ltu re d  PBL showed th a t  T c e l ls  were capable 

o f  LAK a c t iv i t y  aga ins t RD but not K-562 ta rg e ts .  B o lhu is  

(1970) has a lso  demonstrated th a t ly s is  o f  K-562 c e l ls  is  

mediated s o le ly  by c e l ls  expressing an tibody-dependen t- 

c e l lu la r - c y to to x ic i t y  (ADCC) a c t iv i t y ,  a fu n c t io n  o f  NK 

c e l ls .  An in te ra c t io n  between an E- p o p u la tio n  and T c e l ls  

in  the  presence o f IL -2  may have been re q u ire d  in  o rde r to  

induce LAK a c t iv i t y  in  T c e l ls .

Such an in te ra c t io n  was demonstrated by c o c u ltu re  

experim ents. When PBL were a c t iv a te d  by c u ltu re  in  IL -2  and 

then separated in to  E+ and E- f ra c t io n s ,  the  a c t iv a te d  E- 

f r a c t io n  was able to  induce LAK a c t iv i t y  in  fre s h , norm al, 

a llo g e n e ic  T c e l ls .  The E- f ra c t io n  capable o f in duc ing  th is  

a c t iv i t y  were shown to  be CD16+ c e l ls .  In d u c tio n  o f  MHC non

r e s t r ic te d  c y to to x ic ity  in  T c e l ls  by E- lym phocytes, 

recovered from cocu ltu re s  o f tumour c e l ls  and lym phocytes, 

has a lso  been described by Stephens e t a l  (19B5). I t  is  not 

c le a r  whether c e l l  con tact is  re q u ire d  fo r  in d u c tio n  o f 

c y to to x ic i t y  in  T c e l ls  or whether lym phokines such as TNF 

and IFN-o, secreted by CD16+ LAK c e l ls  (C hris tm as, Meager and 

Moore, 1907) can synergise to  induce c y to to x ic i t y .

However, d e p le tio n  experiments had a lso  in d ic a te d  th a t  E+ LAK 

a c t iv i t y  was a lso  mediated by CD16+ c e l ls .  Stephens and 

Kn igh t (Stephens, 1903) have a lso  re p o rte d  non-MHC r e s t r ic te d  

c y to to x ic  a c t iv i t y  mediated by an E+ CD3- subse t.

The c y to to x ic i t y  induced by E- subsets in  T c e l ls  was 

u n l ik e ly  to  be due to  a l lo - r e a c t iv i t y  s in c e :
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(a) v ia b le  E- c e l ls  obta ined from  PBL c u ltu re d  in  the 

absence o f IL -2  were unable to  induce LAK c y to to x ic i t y  

in  fre s h , a llo g e n e ic  c e l ls ;

(b) LAK E- c e l ls  depleted o f CD16+ lym phocytes uere unable 

to  induce c y to to x ic ity  in  a llo g e n e ic  E+ c e l ls .

1 1 .A .3 G eneration o f  LAK A c t iv i t y  by JDM P a t ie n ts 's  Lymphocytes

P a t ie n ts 's  E+ and E- c e l ls  were found to  possess 

s ig n i f ic a n t ly  lower LAK a c t iv i t y  than c o n tro l c e l l  

p o p u la tio n s . This d id  not appear to  be re la te d  to  s te ro id  

dose a t tim e o f te s t in g  (Ch 1 1 .3 .2 ) .  The a d d it io n  o f 

exogenous IL -2  has been shown to  a b la te  the  suppressive  

e f fe c ts  o f  c o r t ic o s te ro id s  on T lymphocyte fu n c t io n  J ji v i t r o  

(U a lke r, P o tte r and House, 19B7). The mechanism fo r  t h is  

e f fe c t  is  s t i l l  unknown but was not due to  s te ro id - IL -2  

b in d in g . C onceivably, exogenous IL -2  can induce the re -  

express ion  o f  h igh a f f i n i t y  re ce p to rs  on c o r t ic o s te ro id  

s e n s it iv e  c e l ls .  The e f fe c t  o f s te ro id s  in  v iv o  on the 

gen e ra tion  o f  LAK a c t iv i t y  o f  normal human c e l ls  has ye t to  

be e s ta b lis h e d .

The d e fe c t iv e  genera tion  o f LAK a c t iv i t y  by JDM p a t ie n ts 's  

c e l ls  was probably re la te d  to  d e fe c t iv e  l\IK a c t iv i t y  s ince  the 

experim ents on normal PBL had shown th a t  the  m a jo r ity  o f LAK 

a c t iv i t y  was generated from the  CD16+ p o p u la tio n  (Ch 1 1 .3 .A ). 

P recursor frequenc ies  o f LAK c e l ls  were 3-1□ fo ld  low er fo r  

JDM compared to  normal c e l ls .  Furtherm ore le v e ls  o f  

c y to to x ic i t y  induced in  cloned JDM LAK c e l ls  were 

s ig n i f ic a n t ly  lower than those ob ta ined  fo r  c o n tro l c lo nes .
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These re s u lts  s tro n g ly  In d ica te d  th a t  im pa ired  g en e ra tion  o f 

LAK a c t iv i t y  in  JDM p a t ie n ts 's  c e l ls  was p r in c ip a l ly  due to  

d e fe c ts  a t the precursor le v e l,  a lthough  f a i lu r e  o f

coope ra tion  between lymphocyte subpopu la tions (Ch 1 1 .3 .7 ) may 

a lso  have c o n tr ib u te d .

The LAK a c t iv i t y  o f PBL from a d u lt  PM p a t ie n ts  was reduced 

compared to  c o n tro ls ,  but the c e l ls  appeared to  fu n c t io n

norm a lly  when re c y c lin g  ca pa c ity  was measured (Gonzalez- 

Amaro, A lcoce r-U are la  and A la rcon -S eg ov ia , 19B7). The

re s u lts  fo r  JDM p a tie n ts  suggested a fu n c t io n a l a bn o rm a lity  

o f  LAK c e l ls  as w e ll as reduced p recu rso r fre q u e n c ie s , and 

measurement o f  (a) the re c y c lin g  c a p a c ity  (b ) sec re io n  o f 

c y to to x ic  fa c to rs  from LAK c e l ls  from JDM p a t ie n ts  may 

p rov ide  fu r th e r  evidence o f fu n c t io n a l d e fe c ts .

Conclusion

These experim ents provided new in fo rm a tio n  on the  development 

o f  LAK a c t iv i t y  in  PBL. CD16+ c e l ls  were shown to  be he 

p r in c ip a l e f fe c to rs  o f LAK a c t iv i t y ,  but d if fe re n c e s  in  the 

in d u c tio n  o f CD16+ LAK c e l ls  were observed a t l im i t in g  

d i lu t io n  and in  bu lk  c u ltu re .  In d u c tio n  o f  o p tim a l LAK 

a c t iv i t y  in  bu lk  c u ltu re  requ ire d  co op e ra tion  w ith  o th e r c e l l  

p o p u la tio n s .

The a c q u is it io n  o f LAK a c t iv i t y  by T c e l ls  was shown to  be 

dependent on a CD16+ c e l l  in te rm e d ia ry  and not a d ir e c t  

e f fe c t  o f  IL -2 . CD16+ c e l ls  from JDM p a t ie n ts  were unable to

p rov ide  th is  coopera tion  w ith  T c e l ls ,  which was probab ly  

p r in c ip a l ly  due to  the low frequency o f  CD16+ LAK p recu rso rs  

w ith in  p a t ie n t PBL.



CHAPTER 12

GENERAL DISCUSSION

A e tio lo g y  And Pathogenesis o f  JDM

In  th is  chap te r the p resen tly  he ld  concepts o f  the  development 

o f  JDM w i l l  be re la te d  to  f in d in g s  presented in  t h is  th e s is .

12.1 C oxsack iev irus  B In fe c t io n  and JDM

C oxsack iev irus  B has been shown to  in fe c t  e n d o th e lia l c e l ls  in  

v i t r o  (Huber, Job and W oodruff, 1984). The c e l l  re ce p to rs  

fo r  a number o f p ico rnav iruses  have re c e n t ly  been id e n t i f ie d  

as adhesion molecules such as in te rc e llu la r -a d h e s io n -m o le c u le -  

1 (ICAM-1) (H a rriso n , 1909). I t  is  s ig n i f ic a n t  th a t  a re la te d  

adhesion m olecu le, e n d o th e lia l- le u co cy te -a d h e s io n -m o le cu le -1  

(E-LAM1) has now been shown to  be expressed in  50% o f  the  

vesse ls  in  both invo lved  and un invo lved  s k in  b io p s ie s  from JDM 

p a t ie n ts .  ELAM-1 is  expressed by ve ry  few vesse ls  in  normal 

s k in  (G Cambridge and D Haskard, unpub lished r e s u l t s ) .  I t  is  

p o s s ib le  th a t CVB could in fe c t  e n d o th e lia l c e l ls ,  perhaps 

through attachm ent to  ICAM-1, and induce increased  express ion  

o f o th e r vascu la r adhesion m olecules such as ELAM-1.

A lim en ta ry  t r a c t  in fe c t io n ,  a llo w in g  lo c a l r e p l ic a t io n  o f  an 

e n te ro v iru s  such as CVB provokes a host immune response, w ith  

se c re to ry  IgA antibody de tec tab le  w ith in  2 -4  weeks (Moore and 

Morens, 1984). Since the h a l f - l i f e  o f  IgA is  s h o r t ,  i t s  

presence in d ic a te s  continuous p ro d u c tio n  in  response to  

a n tig e n ic  s t im u la t io n .  The presence o f  e leva ted  le v e ls  o f  IgA 

immune complexes (IC ) in  sera from JDM p a t ie n ts  (Ch 5 .6 ) may 

th e re fo re  in d ic a te  continued a n tig e n ic  s t im u la t io n .  I f  JDM
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p a t ie n ts  were found to  make s e c re to ry  IgA a n tib o d ie s  to  CUB, 

t h is  cou ld  in d ic a te  th a t the v iru s  may re s id e  in  e p i t h e l ia l  

c e l ls  fo r  prolonged pe rio ds , p ro v id in g  a source fo r  in fe c t io n  

o f  o th e r t is s u e s . The m olecu lar a n a ly s is  o f  IgA immune 

complexes from JDM sera may a llo w  id e n t i f ic a t io n  o f CUB 

an tig ens  as components o f the complexes.

Ju v e n ile  p a tie n ts  w ith  a l le r g ic  v a s c u l i t is ,  Henoch-Schonlein 

purpu ra , were a lso  reported  to  have e leva ted  le v e ls  o f  IgA 

immune complexes in  serum (F in k , 1986). A l le r g ic  v a s c u l i t is  

can co in c id e  w ith  b a c te r ia l and v i r a l  in fe c t io n s  (Clemmensen 

e t a l ,  19B6) and in  h e p a titu s  B v iru s  induced v a s c u l i t is ,  

h e p a titu s  B su rface  a n tig en , Ig  and complement components have 

been found a t s ite s  o f in flam ed blood vesse ls  (Gupta and 

K o h le r, 1984). Reports o f  exam ination o f  JDM muscle o r s k in

b iopsy m a te r ia l fo r  the presence o f  CUB a n tig ens  a t s ite s  o f

va scu la r le s io n s  have not been p u b lis h e d . Since CUB 

complementary DNA probes are now a v a ila b le  (Bowles e t a l ,  

1987), in  s i t u  h y b r id is a t io n  may p rov id e  evidence o f  va scu la r 

lo c a l is a t io n  o f  v iru s .

12.2 Anti-Lymphocyte Antibodies -  Autoantibodies Induced by U ira l 
In fection

U ira l in fe c t io n  is  w e ll known to  o fte n  r e s u lt  in  the 

p ro d u c tio n  o f an ti- lym phocy te  a n tib o d ie s  (W illia m s , 1977) and 

a n ti- lym p h o cy te  an tib o d ie s  were de tec ted  in  the  serum o f 

p a t ie n ts  w ith  JDM (Ch's B and 9 ) .  U ir a l  re c e p to rs  such as 

ICAM-1 are expressed on lymphocytes as w e ll as e n d o th e lia l

c e l ls .  P lo tz  (19B3) has proposed th a t  a u to a n tib o d ie s  may be

a n t i - id io t y p ic  an tib od ies  re co g n is in g  a n t i - v i r a l  an tig en  

id io ty p e s  and b ind ing  to  v i r a l  re c e p to rs . T h e re fo re , the
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in h ib i to r y  e f fe c ts  o f  a n ti- lym ph ocy te  a n tib o d ie s , p resen t in  

JDM se ra , m ight be ascribed  to  c ro s s -re a c t io n s , u i th  id io ty p ic  

reg ions  expressed by recep to rs  such as ICAM-1. S ince ICAM-1 

is  an adhesion molecule uh ich may promote lymphocyte 

in te ra c t io n s  (R o th le in  e t a l ,  1906), b in d in g  o f  a n tib o d ie s  to  

ep itopes  expressed by ICAM-1 could r e s u lt  in  suppression o f 

lymphocyte responses, such as the AMLR and PPD s t im u la t io n .

A n ti-lym phocy te  a n tib o d ie s  m ight a lso  cross re a c t u i th  

e n d o th e lia l c e l l  a n tig ens . The MAb Leu 13 has been shoun to  

re a c t u i th  an an tigen  present on both lym phocytes and 

e n d o th e lia l c e l ls  (Pumarola-Sune e t a l ,  1906) and IgG a n t i -  

e n d o th e lia l c e l l  a n tib o d ie s , c ro s s -re a c tin g  u i th  lymphocyte 

a n tig e n s , have been detected in  SLE sera (C ines, 190A). 

A lthough , in  i n i t i a l  experim ents, a n tib o d ie s  to  p la c e n ta l cord 

e n d o th e lia l c e l ls  could not be de tec ted  in  sera from JDM 

p a t ie n ts  (data  not shoun), in fe c t io n  o f  e n d o th e lia l c e l ls  u i th  

CUB cou ld  r e s u lt  in  the in d u c tio n  o f  an tig ens  uh ich  may be 

recognised by a n tib o d ie s  in  JDM se ra .

12.3 A n ti-56K d RNP A n tibod ies  -  A Marker o f  M y o s it is

A lthough a n t i- e n d o th e lia l c e l l  a n tib o d ie s  have ye t to  be 

de tected  in  sera from JDM p a t ie n ts ,  the  recen t f in d in g  (R. 

S p e rlin g  e t a l ,  unpublished re s u lts )  th a t  sera from  15 JDM 

p a t ie n ts ,  6 s tud ie d  s e r ia l ly ,  a l l  con ta ined  ANA to  a 56kD RNP 

suggests th a t  th is  an tibody may be a s p e c if ic  marker o f  

d ise a se .

I t  is  p o ss ib le  th a t n o n -s p e c if ic  im m uno-s tim u la tion , may 

r e s u lt  in  s e c re tio n  o f ANA (P is e ts k y , 1907). Houever, the 

au toan tibody p r o f i le  in  JDM sera is  h ig h ly  r e s t r ic te d
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(Ch 1 .1 .4 ) .  Furtherm ore, a lthough the  r e la t iv e  p ro p o rt io n  o f 

ANA to  t o ta l  Ig  has not been determ ined in  sera from JDM 

p a t ie n ts  compared to  c o n tro ls , hypergammaglobulinaemia mas not 

found to  be a fe a tu re  o f sera from p a t ie n ts  presented in  th is  

study (Ch 5 .6 ) .  There fore , an ti-5 6 kD  RNP a u to a n tib o d ie s  

p robab ly  a r is e  as a s p e c if ic  response to  the  56kD RNP o r to  a 

c ro s s -re a c tin g  de term inan t.

The o b se rva tion  th a t an ti-56kD  a n tib o d ie s  have been de tected  

in  sera from most a d u lt PM p a tie n ts  (Arad-Dann e t a l ,  1987) 

in d ic a te s  th a t  the c ro s s -re a c tin g  de te rm inan t cou ld  be a 

muscle c e l l  component. C loning o f  the  56kD a n tig e n  would 

a llo w  i t s  am ino-acid sequence to  be de te rm ined . The sequence 

cou ld  then be compared w ith  known sequences o f  muscle an tigens  

such as myosin and a c t in .  However, s ince  an ti-5 6 kD  RNP, in  

c o n tra s t to  an ti-m yos in  and a n t i - a c t in  a n tib o d ie s , have not 

been de tected  in  sera o f p a tie n ts  w ith  non -in flam m ato ry  muscle 

d isease , responses to  normal muscle components do not 

adequate ly e x p la in  the presence o f t h is  a n tib o d y .

An a lte rn a t iv e  exp lana tion  is  th a t  the  56kD RNP can b ind to  

and is  in vo lve d  in  the processing o f  v i r a l  messenger RNA. 

B ind ing  to  v i r a l  RNA may expose an ep ito p e  recogn ised by T 

c e l ls ,  w ith  concom itant s t im u la t io n  o f  an tib ody  producing 

c e l l s .

12.4  A u toa n tibod ies  -  P ossib le  R e la tio n s h ip  to  Pathogenesis

I t  is  p o ss ib le  th a t an ti- lym phocy te  a n tib o d y  p ro d u c tio n  may be 

a host response to  p e r tu rb a tio n  o f  the  immune system as a 

consequence o f autoim m unity. The accum ula tion  o f T c e l ls
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expressing  a c t iv a t io n  antigens w ith in  the  in flam m ato ry  s i te  

may p rov ide  the necessary c o n d it io n s  fo r  a b ro g a tio n  o f 

to le ra n c e  to  a c t iv a t io n  an tigens. A n ti- lym p h o cy te  a n tib o d ie s  

do not appear to  suppress the autoimmune response g iv in g  r is e  

to  JDM. I t  is ,  however, poss ib le  th a t  in  the  absence o f  a n t i 

lymphocyte a n tib o d ie s , the disease would be exacerbated.

A lthough an ti- lym ph ocy te  a n tib o d ie s  m ight be induced as a host 

response to  auto im m unity, the response m ight s t i l l  have

pa thogenetic  p o te n t ia l.  The s e le c t iv e  d e p le t io n  o f  CDB+ c e l ls  

in  the p e r ip h e ra l blood o f JDM p a t ie n ts  may be re la te d  to  the 

presence o f lym phocyto toxic a n tib o d ie s , as has been observed 

fo r  some p a tie n ts  w ith  SLE (A lp e rt e t a l ,  19B7). The la c k  o f

gen e ra tion  o f  suppressor c e l ls  in  the  AMLR may be re la te d  to

reduced numbers o f CDB+ lymphocytes.

I f  a n tib o d ie s  bound to  e n d o th e lia l c e l l  a n tig e n s , the  normal 

fu n c t io n  o f the c e l ls  might be a f fe c te d .  One fu n c t io n  o f

app a re n tly  s p e c ia lis e d  e n d o th e lia l c e l ls  (P a ls  e t a l ,  19B9) 

in  in flam m atory s ite s  is  the e x tra v a s a tio n  o f lym phocytes. 

B ind ing  o f a n tib o d ie s  to  vascu la r adhesion m olecules cou ld  

a l t e r  the  a b i l i t y  o f e n d o th e lia l c e l ls  to  adhere to  

lym phocytes. This could be b e n e f ic ia l ,  i f  lym phocytes, 

responding to  autoantigens and enhancing the  in flam m atory  

response, were excluded from the  in flam m ato ry  s i t e ,  but 

d e tr im e n ta l,  i f  passage o f re g u la to ry  lym phocytes suppressing 

in flam m ation  were impeded. Complement f ix a t io n  by an tibody  

bound re ce p to rs  couid exacerbate v a scu la r damage. I f  MAC were 

deposited  on uninvolved vesse ls in  in flam m ato ry  muscle and 

s k in  o f JDM p a t ie n ts ,  th is  cou ld  be in te rp re te d  as involvem ent
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o f MAC in  pathogenesis, ra th e r  than  uptake by diseased 

v e s s e ls .

E levated le v e ls  o f IgG and IgM IC were not de tec ted  in  sera 

from JDM p a tie n ts  (Ch 5 .6 ) , suggesting  a la c k  o f  a s s o c ia tio n  

o f  JDM u i th  system ic IC mediated v a s c u l i t is ,  a lthough 

p ro d u c tio n  o f au toan tibod ies  w ith in  a f fe c te d  muscle may 

c o n tr ib u te  to  lo c a l IC d e p o s itio n . However, th e re  is  no 

evidence o f d e fe c tiv e  s o lu b i l is a t io n  o r d e fe c t iv e  c learance  o f 

IC from in flam m atory s ite s .  Furtherm ore, a lthough  Robb e t a l 

(1987) proposed th a t C*+A n u l l  a l le le s  were the  disease 

s u s c e p t ib i l i t y  genes in  JDM, th e re  is  no evidence th a t  

p a t ie n ts  heterozygous fo r  the  C4A n u l l  a l le le  expressed 

complement d e f ic ie n c ie s .

There is  extrem ely l i t t l e  evidence in  the  l i t e r a t u r e  to  

suggest th a t  ANA c o n tr ib u te  to  pa thogenesis . However, t h is  

may be due to  te c h n ic a l d i f f i c u l t i e s  in  pe rfo rm in g  experim ents 

in  the  in flam m atory s ite  in  anim al models o f  autoimmune 

d isease . A h igh concen tra tion  o f ANA produced lo c a l ly  in  the 

in flam m atory  s i te  may have im p o rta n t p a th o lo g ic a l 

consequences. Immune complexes, com pris ing  ANA may b ind  to  Fc 

re ce p to rs  expressed in  high d e n s ity  by e n d o th e lia l c e l ls  in  

in flam m atory  s ite s .  I f  e n d o th e lia l c e l ls  were a lready  

compromised by in fe c t io n  w ith  v ir u s ,  the  d e p o s it io n  o f immune 

complexes cou ld  aggravate vascu la r damage.

Endothelial C ell Autoantigens in JDM

The au toan tigens inducing disease in  JDM p a t ie n ts  are unknown. 

A lthough th e re  is  some evidence fo r  th e  presence o f 

m yocyto tox ic  lymphocytes in  a d u lt PM p a t ie n ts  (Cambridge,



1904; Arahata and Engel, 1906), th e re  is  none in  JDM. No 

evidence o f p r o l i fe r a t iv e  responses by PBMC from  JDM p a t ie n ts  

to  p u r i f ie d ,  norm al, human s k e le ta l membrane p re p a ra tio n s  was 

ob ta ined  by the  a u tho r.

An a lte rn a t iv e  hypothesis is  th a t m y o s it is  is  consequent on

va scu la r damage perpetuated by autoimmune r e a c t iv i t y .  I  would

p o s tu la te  th a t the o r ig in a l a n tig e n ic  in s u l t  in  JDM is  due to  

CUB in fe c t io n  o f e n d o th e lia l c e l ls .  An a u to a n tig e n ic  o r 

a lte re d  s e l f  e p ito p e (s ) is  exposed to  the  immune system and 

immunopathogenesis is  dependent on the  presence, w ith in  

in flam m atory  s ite s ,  o f  T c e l ls  having s p e c i f i c i t y  fo r  these 

e p ito p e s .

The l im ite d  evidence a v a ila b le  (A rahata and Engel, 1904; 

Pachman, 1906) implicates p e r iv a s c u la r  c lu s te rs  o f  macrophages 

and lymphocytes as promoting the in flam m ato ry  response in  JDM. 

□ne p o s s ib i l i t y  is  th a t T c e l l  responses are d ire c te d  a g a in s t

e n d o th e lia l c e l l  determ inants expressed in  d i f f e r e n t  t is s u e s

in c lu d in g  muscle, sk in  and g u t. C e rta in  organs, such as 

k idney , may be spared because o f v a r ia t io n  in  a n tig e n ic  

com position  o f  e n d o th e lia l c e l ls  in  d i f f e r e n t  t is s u e s .  Th is 

is  suggested by observa tions o f d is t in c t  v a scu la r adhesion 

m olecules expressed by inflammed s y n o v ia l membrane (P a ls  e t 

a l ,  1909).

I f  ep itopes  common to  muscle and s k in  de rive d  e n d o th e lia l 

c e l ls  were id e n t i f ie d ,  t h e ir  s ig n if ic n c e  cou ld  be determ ined 

by p recu rso r frequency a n a ly s is , comparing p e r ip h e ra l blood 

and in flam m atory s i te  derived  p o ly c lo n a l T c e l ls  w ith  

s p e c i f ic i t y  fo r  these ep itopes . S e q u e s tra tio n  o f T c e l ls  w ith
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these s p e c i f ic i t ie s  would be s trong  evidence fo r  t h e i r  r o le  in  

the  d isease.

12.6 Lymphokine P roduction  by A c tiv a te d  T C e lls

Animal models o f autoimmune disease have shown th a t  a u to - 

re a c t iv e  T c e l ls  probably r e c ir c u la te  from the  in flam m atory  

s i t e  to  the  secondary lymphoid organs v ia  blood and lymph

(Cohen, 1906). There fo re , the d e te c t io n  o f  a c t iv a te d ,

lymphokine s e c re tin g  T c e l ls  in  p e r ip h e ra l b lood o f  JDM 

p a t ie n ts  may represent events w ith in  the  in flam m ato ry  s i t e .

S e c re tio n  o f B c e l l  d i f f e r e n t ia t io n  fa c to rs  by these T c e l ls

(Ch 6 .3 .3 )  suggests th a t au toan tibody p ro d u c tio n  may take 

p lace w ith in  the muscle le s io n .  No evidence was found fo r  

excessive spontaneous p roduc tion  o f IL -2  by T c e l ls  from JDM 

p a t ie n ts  (Ch 7 .A.7 ) .  I t  is  p o s s ib le  th a t  T c e l ls

r e c ir c u la t in g  from in flam m atory s ite s  may rep resen t a subset 

o f  p o s t-a c tiv a te d  c e l ls ,  dow n-regu la ting  IL -2  genes, ye t s t i l l  

capable o f se c re tin g  o the r lym phokines, such as B c e l l  

d i f f e r e n t ia t io n  fa c to rs .

12.7 Im m unoregulation in  JDM

( i )  Imm unoregulation and Autoimmune Disease

Immunoregulatory s tu d ie s  o f  the  p e r ip h e ra l blood in  

autoimmune diseases may be c r i t ic is e d  fo r  observ ing  

system ic ra th e r  than o rg a n -s p e c if ic  fe a tu re s  o f 

d isease . However, a s tro n g  body o f evidence (Ch 1 .1 .1 )  

suggests th a t JDM has many system ic fe a tu re s , which 

have been ch a ra c te rise d  as a system ic ang iopa thy . 

Furtherm ore, s ince lymphocytes r e c ir c u la te  between 

in flam m atory s ite s  and the  secondary lym phoid organs,
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the  p e r ip h e ra l blood w i l l  c o n ta in  lym phocytes m ed ia ting  

and responding to  in flam m ation  w ith in  the  disease s i t e .

Cohen and h is  c o lla b o ra to rs  (Cohen, 1906) have is o la te d  

a r th r i to g e n ic  T c e l ls  from the  sp leen as w e ll as the 

re g io n a l d ra in in g  lymph nodes o f  an im a ls w ith  ad juvan t 

a r t h r i t i s .  Systemic trea tm en ts  o f  autoimmune diseases 

have proved b e n e f ic ia l.  A d m in is tra tio n  o f  anti-CDA 

a n tib o d ie s  has been shown to  p reven t in d u c tio n  o f 

co lla g e n  induced a r t h r i t i c  le s io n s  (Wooley e t a l ,  1907) 

and t o t a l  lymphoid ir r a d ia t io n  o f  p a t ie n ts  w ith  RA has 

g iven rem iss ion  o f disease (A lp e r t  e t a l ,  1907).

The re fo re , a n a lys is  o f  im m unoregulation w ith in  the

p e r ip h e ra l blood may a lso  r e f le c t  events w ith in  the  

in flam m atory s i t e .

Immunoregulation in JDM and Adult PM

Anerg ic lymphocyte responses have been proposed to  be 

the  re s u lt  o f host attem pts to  combat au to im m un ity , by 

dow n-regu la ting  CD4+ T c e l l  dependent responses through 

suppressor mechanisms (V ia  and Shearer, 1907). 

A lthough anerg ic mitogen responses were observed fo r  

c e l ls  from a d u lt PM p a t ie n ts ,  t h is  was not the  case fo r  

c e l ls  from JDM p a tie n ts  (Ch 6 .3 .1 ) .  These re s u lts  

cou ld  im ply dow n-regu la tion  o f  immune responses in  PM 

p a t ie n ts .  This was supported by the  o b se rva tio n  th a t

c e l ls  from a d u lt PM, in  c o n tra s t to  JDM p a t ie n ts ,  d id

not spontaneously secre te  IgM (Ch 6 .3 .2 ) .  A d u lt PM 

p a t ie n ts  have been re p o rte d  to  deve lop ConA induced 

suppressor fu n c tio n  w ith in  the  normal range (Ransohoff



and Dustoor, 1903), whereas r e s u lts  presented in  t h is  

th e s is  in d ic a te d  de fec ts  o f  suppressor c e l l  gen e ra tion  

by c e l ls  from JDM p a tie n ts  (Ch 7 .4 .1 0 ) .  The immune 

system in  p a tie n ts  w ith  JDM may thus  be unable to

combat autoaggression by dep lo y in g  suppressor 

mechanisms.

The th e o ry , proposed by D ick and co llea gues  (Kromer,

Schauste in and LJick, 1986), im p lic a t in g  IL -2  hyper

r e a c t iv i t y  in  autoimmune d isease cou ld  not be 

s u b s ta n tia te d  by re s u lts  presented in  t h is  th e s is .  l\lo 

evidence o f h y p e rp ro life ra t io n  o f  c e l ls  in  response to  

m itogens, spontaneous IL -2  p ro d u c tio n  o r the  presence 

o f  IL -2  in  serum was ob ta ined . However, i t  is  p o s s ib le  

th a t  IL -2  se c re ting  . T c e l ls  may be sequestered in

in flam m atory s ite s .  A c tiv a te d  c e l ls  w ith in  these 

s i te s ,  in c lu d in g  B c e l ls ,  macrophages and e n d o th e lia l 

c e l ls  as w e ll as T c e l ls ,  may express IL -2  re c e p to rs  

and u t i l i s e  IL -2  w ith in  the  le s io n ,  p re ve n tin g

d e te c tio n  in  the  pe rip h e ry .

( i i i )  Id io typ ic  Recognition -  A Possible Role fo r the AMLR

Suppression o f B c e l l  response by T c e l ls  generated in  

the  AMLR (Ch 7 .A.10) m ight be exp la in e d  as T c e l l

re c o g n it io n  o f the id io ty p e s  expressed by B c e l ls .

I f  id io to p e s  are recognised by CD0+ T c e l ls  in  the

con tes t o f  c lass  I ,  I t  is  p o s s ib le  th a t  AMLR re a c t iv e  

CD^+ T c e l ls  may have s p e c i f ic i t y  f o r  id io to p e  in  the  

c on tex t o f  c la ss  I I .  Th is cou ld  e x p la in  the  f a i lu r e  o f

230



some workers to  observe a c o r re la t io n  between increased 

c la ss  I I  expression on s t im u la to r  B c e l ls  and T c e l l  

responses in  the  AMLR (Crowe and Kunkel, 1905; Duke- 

Cohan e t a l ,  1907). Increased c la s s  I I  express ion  by 

a n tig en  p resen ting  c e l ls  may not c o r re la te  w ith  

increased id io to p e  express ion .

C e rta in  id io ty p e s  are shared by T c e l ls  w ith  

s p e c i f ic i t y  fo r  a v a r ie ty  o f  exogenous an tigens  

(Coutinho e t a l ,  1987). These id io ty p e s  are degenerate 

and may be recognised by a h igh  frequency o f AMLR

re a c t iv e  T c e l ls .  Such re c o g n it io n  would no rm a lly  be

under the  c o n tro l o f re g u la to ry  suppressor T c e l ls  w ith  

s p e c i f ic i t y  fo r  these id io to p e s . However, in  JDM, the  

degenerate id io to p e  m ight possess sequence homology 

w ith  an e n d o th e lia l c e l l  e p ito p e . S e qu e s tra tio n  o f 

AMLR re a c t iv e  T c e l ls  in  p e r iv a s c u la r  s ite s  m ight then 

occu r. I f  these T c e l ls  were not s u b je c t to  e f fe c t iv e  

c o n tro l by suppressor c e l ls ,  they cou ld  c o n tr ib u te  to  

o r even in i t i a t e  autoimmune d isease .

( iv )  T-B C ell Cooperation -  Role in  Antibody Responses

Defects in  coopera tion  between T and B c e l ls  from JDM 

p a tie n ts  were observed in  response to  PldM (Ch 6 .3 .6 ) .

Th is  was e x p lic a b le  in  terms o f  cognate re c o g n it io n  o f

B and T c e l ls  in  an tibody p ro d u c tio n . However, B c e l l  

p r o l i f e r a t io n  in  response to  PliJM, a lso  dependent on 

cognate re c o g n it io n , was not d e fe c t iv e .  A d iv is io n  o f 

human CDA+ in flu e n za  an tigen  s p e c i f ic  T c e l l  c lones 

in to  h e lpe r and non-he lper s ta tu s  has been re p o rte d
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(Lamb e t a l ,  1903). Recent experim ents (G Cambridge,

unpublished re s u lts )  have shown th a t  the  CDA+ UCHL1 + 

subset is  s ig n if ic a n t ly  reduced in  p e r ip h e ra l blood o f 

JDM p a t ie n ts .  I f  the CDA+ UCHL1+ subset p ro v id in g  he lp  

fo r  an tibody p roduction  were s e le c t iv e ly  reduced, then 

d e fe c t iv e  PUJM induced an tibody  responses cou ld  r e s u l t .  

The p recu rso r frequencies o f CDA+ UCHL1+ c e l ls  cou ld  be 

determ ined fo r  PUJM induced p r o l i f e r a t iv e  and an tibody  

responses in  o rder to  answer t h is  q u e s tio n .

There have been no s tu d ie s  in v e s t ig a t in g  a n tig en  

s p e c if ic  an tibody responses in  JDM. A lthough p a t ie n ts  

mount anti-CUB antibody responses, i t  is  p o s s ib le  th a t 

the  t i t r e s ,  s p e c i f ic i t ie s  and /o r a f f i n i t i e s  o f  a n t i 

bodies produced may be abnorm al, thus d e lay ing  

c learance o f the v iru s .  Comparison o f  serum anti-CUB 

an tibody  responses by JDM p a t ie n ts  and t h e i r  s ib l in g s ,  

a t tim e o f p re se n ta tio n , m ight p ro v id e  evidence o f 

abnormal responses to  CUB.

(v ) Reduced frequency of LAK Cells Precursors -  Role in  JDM

New evidence was obtained fo r  co op e ra tion  between LAK 

c e l ls  and T c e l ls  in  the  in d u c tio n  o f  n o n -s p e c if ic  T 

c e l l  c y to to x ic ity  (Ch. 1 1 .3 .5 ) .  Th is  form  o f 

coope ra tion  was not ev id e n t in  c e l ls  from  p a t ie n ts .  

A lthough T c e l l  mediated mechanisms o f  re s is ta n c e  to  

CUB in fe c t io n  may be un im portan t in  c e r ta in  mouse 

s t ra in s  ( E s t r i  and Huber, 1987), t h is  may not be the  

case fo r  humans. The com bination o f  reduced frequency 

o f  LAK precursor c e l ls  and d e fe c t iv e  in d u c tio n  o f non-
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s p e c if ic  c y to to x ic  T c e l ls  may dep rive  the  host o f 

im po rtan t measures o f re s is ta n c e  a g a in s t CUB, a llo w in g  

the  v iru s  to  lo c a lis e  in  e n d o th e lia l c e l ls .  

Furtherm ore, LAK c e l ls  and n o n -s p e c if ic  c y to to x ic  T 

c e l ls  may have an im m unoregulatory r o le ,  and 

d e fe c t iv e  fu n c t io n  o f these c e l ls  cou ld  c o n tr ib u te  to  

the  autoimmune response.
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CHAPTER 13

FUTURE DEVELOPMENTS IN JDM

13.1 Future  Research in  JDM

( i )  A u to re a c tiv e  T C e lls

At p resen t, the re  is  no understand ing  o f  the  autoimmune 

process in  JDM. This can on ly  be achieved by the  

is o la t io n  and id e n t i f ic a t io n  o f  the  s p e c i f ic i t y  o f 

a u to re a c tiv e  T c e l ls .

D e ta ile d  phenotypic a n a ly s is  w i l l  re v e a l s im i la r i t ie s  

o r d iffe re n c e s  between i n f i l t r a t i n g  T c e l ls  in  muscle 

and s k in . I  have p o s tu la te d  a s im ila r  immuno- 

pathogenesis fo r  both organs and th e re fo re  would expect 

to  observe s im ila r  p ro p o rtio n s  o f  each subset w ith in  

the  muscle and sk in  le s io n s . I f  t h is  were not the  

case, i t  m ight be necessary to  p o s tu la te  d is t in c t  

d isease mechanisms fo r  the 2 t is s u e s .

I t  is  expected th a t w ith in  the  next yea r, MAb's to  the 

known human TCR \J gene fa m ilie s  w i l l  become a v a ila b le .  

Comparison o f TCR fa m ilie s  in  p e r ip h e ra l b lood and 

in flam m atory s ite s  w i l l  a llo w  the  id e n t i f ic a t io n  o f  

p robab ly  c lo n a l popu la tions  o f i n f i l t r a t i n g  T c e l ls .  

I d e n t i f ic a t io n  o f the s p e c i f ic i t ie s  o f  these T c e l ls  

w i l l  depend on progress in  T c e l l  c lo n in g  techno logy . 

A lthough normal e n d o th e lia l c e l l  membranes m ight be 

considered as sources o f  an tigen  fo r  c loned T c e l ls ,  i t  

is  po ss ib le  (a) th a t the  a u to a n tig e n ic  ep itope  is  a 

cy top lasm ic  or nuc lear component (b ) th a t  the  ep itope
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is  exposed or expressed du rin g  an i n i t i a l  a n t ig e n ic  

in s u l t  such as v i r a l  in fe c t io n  o r in flam m a tio n  due to  

in fe c t io n  (c) th a t the ep itope  may be d e rive d  from 

connective  t is s u e .

( i i )  Lymphokines as M ediators o f  JDM

I  have suggested th a t the e f fe c to r  stage o f 

autoim m unity in  JDM is  not mediated by c y to to x ic  T 

c e l ls .  Organ s p e c if ic  a u to a n tib o d ie s  have a ls o  not ye t 

been detected in  the d isease . The p o s s ib le  

c o n tr ib u t io n s  o f in d iv id u a l and com binations o f 

lymphokines to  muscle damage can now be analysed us ing  

recombinant IL -1 , IF l\l-a and TI\IF-a, and o th e r c y to k in e s . 

I t  is  w e ll es tab lishe d  th a t  IL -1  can induce muscle 

p ro te o ly s is  (reviewed by Oppenheim, 1986). Muscle 

damage u s u a lly  ra d ia te s  from in flam m ato ry  f o c i ,  

suggesting the involvem ent o f  s o lu b le  fa c to rs .  An 

assessment o f the e f fe c ts  o f  c y to k in e s  in  s k in  m ight be 

made using c u ltu re d  f ib ro b la s ts  and k e ra t in o c y te s .

T ra n s fe c tio n  o f the IF I\l-» gene in to  p a n c re a tic  i s l e t  B 

c e l ls  in  mice induced in flam m ation  o f the  i s l e t  c e l ls  

and au toan tibod ies  to  is l e t  c e l l  an tigens  (P u jo l-B o re l 

and B o ttazzo, 1988).

In tro d u c tio n  o f the  IFIM-o gene in to  c u ltu re d  

e n d o th e lia l c e l ls  cou ld  p rov ide  in fo rm a tio n  o f the  

response o f c e l ls  to  in fla m m a tio n . S o lub le  fa c to rs  

secreted by e n d o th e lia l c e l ls ,  such as IL -1  and 

p ro s ta g la n d in s , could be measured and a l te r a t io n s  in  

membrane and cytop lasm ic an tigens ana lysed .
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( i i i )  Animal Model o f JDM

F u rthe r progress in  a n a ly s is  o f  im m unoregulatory 

de fe c ts  in  JDM may be dependent on the  development o f 

an anim al model o f the d isease . Reduced NK c e l l  

a c t iv i t y  and frequencies o f LAK p re cu rso rs  in  p a t ie n ts  

suggest th a t CUB in fe c t io n  o f  mice o f  d i f f e r e n t  MHC 

backgrounds, expressing the  beige m u ta tio n , cou ld  

p rov ide  a disease model. I f  s u s c e p t ib i l i t y  to  disease 

p a r t ia l ly  depended on H-2 hap lo type , t h is  would p rov id e  

the  re q u ire d  model to  in v e s t ig a te  an autoimmune 

d isease .

13.2 Inmunotherapeutic Intervention in  JDM

In te rv e n tio n  in  the aberrant immune system, by the  use o f 

immunosuppressive drugs, has proven b e n e f ic ia l in  the  

trea tm en t o f  JDM p a tie n ts . New forms o f  immunotherapy m ight 

be designed (a) to  dep lete a u to re a c tiv e  T c e l ls  (b ) a l t e r  T 

c e l l  r e c ir c u la t io n  pa tte rns  (c ) in h ib i t  T c e l l  e f fe c to r  

fu n c t io n .

D ep le tion  o f a u to reac tive  T c e l ls  cou ld  be achieved by 

th o ra c ic  duct drainage or by no n -in va s ive  techn iques  such as 

t o t a l  lymphoid i r r a d ia t io n .  However, bone marrow de rive d  stem 

c e l ls  cou ld  subsequently undergo thym ic p rocess ing  in to  mature 

a u to re a c tiv e  T c e l ls .

The id e n t i f ic a t io n  o f T c e l ls  re c e p to rs , such as LFA-1, 

b in d in g  to  e n d o th e lia l c e l l  lig a n d s  such as ICAM-1, cou ld  

p rov ide  a means o f a lte r in g  the  c i r c u la t io n  p a tte rn  o f 

p a th o lo g ic a l T c e l ls .  Adhesion m olecules are not no rm a lly  

capped from the  c e l l  surface and th e re fo re ,  tre a tm e n t w ith
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a n tib o d ie s  to  these m olecules could p rov ide  a r e la t iv e ly  long 

la s t in g  means o f p reven ting  passage o f  T c e l ls  in to  

in flam m atory  s i te s .

In fu s io n  o f p a t ie n ts  w ith  a n tib o d ie s  to  T c e l l  a c t iv a t io n  

m arkers, such as IL -2  re c e p to rs , has been s u c c e s s fu lly  

employed to  t r e a t  p a tie n ts  w ith  autoimmune d iseases (Kromer, 

Schaustein and U ick , 1906). Other methods o f  in te rv e n in g  in  

e f fe c to r  fu n c t io n  m ight ta rg e t d i r e c t ly  on the  TCR, thus 

p ro v id in g  a means o f s p e c if ic  in te rv e n t io n .

Assuming the  id e n t i f ic a t io n  o f TCR in  muscle and s k in  le s io n s  

o f  JDM p a t ie n ts ,  trea tm ent w ith  a n t i- c lo n o ty p ic  a n tib o d ie s , 

re co g n is in g  \J gene encoded segments o f the  TCR would be 

p o s s ib le .

I d e n t i f ic a t io n  o f ep itopes recognised by a u to re a c tiv e  T c e l ls  

would a llo w  the  syn thes is  o f  pep tide  analogues. An analogue 

which competed fo r  b ind ing  to  c la s s  I I  w ith  the  n a tiv e  

p e p tid e , but which was n o n -s tim u la to ry  fo r  T c e l ls ,  would 

p rov ide  a u s e fu l th e ra p e u tic  agent. A n tib o d ie s  to  m olecules 

such ICAM-1 cou ld  be used to  tra n s p o r t and ta rg e t  pep tide  

analogues to  s ite s  o f lymphocyte i n f i l t r a t i o n .

F in a l ly ,  a ttem pts m ight be made to  t o le r is e  p a t ie n ts  to  a u to - 

a n t ig e n ic  e p ito p e s . Tolerance m ight be achieved by 

a d m in is te r in g  the  ep itopes bound to  auto logous APC (Jenk ins  e t 

a l ,  1907), perhaps w ith  concom itant a d m in is tra t io n  o f  anti-CDA 

a n t ib o d ie s .
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A comparative study of in vitro proliferative responses to 
mitogens and immunoglobulin production in patients with 
inflammatory muscle disease

G. Ca m b r id g e1, A . Fa it h 1, C. Saunders2, V. Du b o w itz2
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ABSTRACT. The classification o f inflammatory muscle disorders is at best confusing owing to the wide spec
trum of clinical, histological and serological findings within this group o f patients. Although it is generally agreed 
that most cases reflect an autoimmune disorder with skeletal muscle as the primary target tissue, additional fea
tures o f the more common form o f the disease in juvenile patients, dermatomyositis, have suggested that it may 
differ in aetiology and pathogenesis from other forms o f inflammatory muscle disease. Some adults may also 
be included within this category. In this study, we have divided patients with inflammatory muscle disease into 
two groups, 8 adult patients with ‘pure* polymyositis and 13 children with dermatomyositis, and compared their 
in vitro lymphocyte function. Abnormal proliferative responses to T-cell mitogens were shown by peripheral blood 
mononuclear cells (PBM) from adult patients. PBM from the children gave values similar to normal control chil
dren. In vitro immunoglobulin production by cells from adult patients was comparable with appropriate controls 
both in the presence and absence o f pokeweed mitogen. Childhood controls responded similarly to normal adults. 
PBM from the juvenile patients with dermatomyositis, however, produced significantly elevated levels o f im
munoglobulin spontaneously, with little or no increase for most patients following mitogen stimulation. This 
defective response was shown to be a consequence o f activated T- and B-cells present in their peripheral blood 
and was not related to clinical parameters or drug therapy.

Key words: inflammatory muscle disease, in vitro lymphocyte function.

Introduction

Dermatomyositis and polymyositis are defined as 
inflammatory myopathies of unknown aetiology. Mus
cle weakness, which is accompanied by a characteris
tic skin rash in dermatomyositis, is the primary feature 
(1). The condition in children, usually taking the form

G. Cambridge, PhD., Research Fellow; A. Faith, MPhil. 
Research Assistant; C. Saunders, MBBS; V. Dubowitz, MD, Profes
sor and Head of Department.

Supported by the Arthritis and Rheumatism Council (UK) and 
the Muscular Dystrophy Group of Great Britain and Northern 
Ireland.

Address reprint requests to: Dr. G. Cambridge, Dept. Rheu
matology Research, Arthur Stanley House, Tottenham St., London 
W1P9PG, U.K.

Received February 15, 1988.

of dermatomyositis, has also been described as a ‘sys
temic angiopathy’, with a strong vasculitic component 
unique to the childhood disease (2). Gastrointestinal 
vasculitis (3) and marked restrictive decreases in the 
ventilatory capacity of the lungs (4), have provided evi
dence that the disease in children may involve organs 
other than muscle and skin. Immunohistochemical 
studies have shown that the distribution and composi
tion of the inflammatory infiltrate within affected mus
cle in juvenile dermatomyositis (JDM) is usually 
perivascular, containing a high proportion of B cells 
whereas in adult patients with polymyositis, the in
filtrate is usually more diffuse and endomysial, with 
activated T-cells being the most commonly seen cell 
type (5, 6).

Whilst it is thought that immune responses direct-
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ed against blood vessel and muscle components con
tribute to the pathogenesis of JDM, supporting evi
dence is lacking. Serum antibodies specific for these 
tissues or for the disease have not been described, 
although immunoglobulin and complement compo
nents are often found deposited in blood vessels within 
sites of muscle damage (7). Membrane attack complex 
has also been demonstrated on sarcolemmal and en
dothelial cell membranes (8). Immune complexes and 
anti-nuclear antibodies are present in sera from a 
proportion of both adults and children with inflamma
tory muscle disease, although reports differ as to the 
frequency with which they are found (9-12).

There have been very few studies of in vitro lym
phocyte function in children with JDM. Natural killer 
cell activity has however, been described as defective
(13). A small study of 5 untreated patients with JDM 
showed that the proliferative responses of their 
peripheral blood lymphocytes to mitogens and muscle 
antigen did not differ from that of normal individuals
(14). A reduced proliferative response to PHA and au
tologous stimulation has been reported in adult patients 
with polymyositis (15,16). The following comparative 
studies of both treated and untreated patients with PM 
and JDM were undertaken to determine whether there 
were any differences of in vitro lymphocyte function 
between the two groups of patients, compared with ap
propriate childhood and adult controls.

Materials and methods

Patients

All JDM patients were attending the Muscle Clinic at 
Hammersmith Hospital, under the care of one of us (VD). 
Adult patients with polymyositis, were attending the Rheu
matology Outpatients Department at the Middlesex Hospi
tal. Patients were diagnosed on the basis of Bohan and Peters’ 
1975 classification (1). The mean age of the 13 JDM patients 
studied was 11 years (range 3-19 years) and that of the 8 
adults, 40 years. Of the adult patients tested, two were un
treated, one was receiving azathioprine alone (125 mg/day) 
and one, cyclosporine A. The other four adult patients were 
receiving prednisolone (5-20 mgs/day) and three were also 
taking azathioprine (50 mgs/day). All except two of the chil
dren studied were receiving either alternate day or daily pred
nisolone at doses of less than 1 mg/kg and four were also 
receiving azathioprine. Control peripheral blood samples were 
supplied by normal healthy adults (age range 20-49 years). 
Of the 6 control children included, three had broken limbs 
and the other 3 were the normal healthy children of colleagues 
(age range 3-15 years).

Separation and purification o f  mononuclear cells

Peripheral blood samples were drawn into heparinised 
syringes and centrifuged over Ficoll/Hypaque (density 1.077 
g/1). Mononuclear cells (PBM), were recovered from the in

terface and washed three times with HEPES buffered RPMI 
1640 culture medium (CM). T-cell enriched (E +) and depleted 
(E—) populations were separated on the basis of rosetting 
with S-(2-Aminoethyl)isothiouronium bromide hydrobromide 
(AET) treated sheep red blood cells (AET-SRBC) after the 
method of Palacios (17). Both E + and E— populations were 
washed twice with CM and resuspended in complete culture 
medium (CCM; CM supplemented with 2 mM 1-glutamine 
and 1 fxg/ml erythromycin). The viability of all cell popula
tions was determined by Acridine Orange uptake. The E + 
populations contained greater than 90% CD3 + ve cells and 
the E-population, < 5 %  CD3 + ve cells.

Proliferative response to mitogens

Preliminary experiments showed that PBM from patients 
and controls did not differ in the kinetics of their prolifera
tive response to mitogens. Predetermined optimal and sub- 
optimal concentrations of phytohaemagglutinin (PHA; Sig
ma Chemical Co.), pokeweed mitogen (PWM; Gibco Biocult 
UK), Concanavalin A (Con A; Sigma), and a monoclonal 
antibody recognising the CD3 antigen on human T-cells (18), 
(OKT3; Orthodiagnostics Ltd.), were used to stimulate tripli
cate cultures of patient and control PBM in flat bottomed 
microtitre plates. Culture was in CCM supplemented with 
10% heat inactivated FCS (Myoclone; Gibco Biocult). The 
batch of FCS used had been previously screened and was not 
mitogenic for human cells. Briefly, 2 x 105 PBMC per well 
in a volume of 100 |xl were cultured with the appropriate con
centrations of mitogens added in a further 100 f*l of culture 
medium. Proliferation was measured by the uptake of 
[methyl-3H]thymidine (3H-T; 3.7 kBq/well) added to the cul
tures for the final 18 hours of incubation. Incorporated 3H- 
T was measured using standard liquid scintillation counting 
techniques.

In vitro IgM production
PBM were cultured at a concentration of 2 x lOVwell 

either in culture medium alone or with a 1/100 dilution of 
PWM in a total volume of 200 for 8 days. Initial experi
ments showed that these conditions were optimal for IgM 
production. Spontaneous and PWM induced IgM produc
tion was measured in supernatants of patient and control 
PBM by an ELISA technique (19). Maximal production of 
IgM by patient and control cells was after 8 days of culture. 
Results are expressed in ng/ml of culture supernatant as de
termined by referral to a human IgM standard.

Effect o f  cytokines on in vitro IgM production
Recombinant human IL2 (rIL2) was kindly supplied by 

Genzyme Ltd and recombinant human gamma interferon 
(flFN) by Boehringer Mannheim UK Ltd. MLR supernatants 
were from 3-day cultures of allogeneic lymphocyte combi
nations. Briefly, equal numbers (5 x 106) of PBM from two 
HLA mismatched normal donors and 2 x 106 K562 cells 
were co-cultured in CCM supplemented with 10% FCS. Su
pernatants from several experiments were pooled and stored 
in aliquots at —70°C until use. rIL2, ylFN and MLR super
natants were added at the initiation of appropriate experi
ments to PBM, at a concentration of 2 x 105 per microtitre 
well, either cultured alone or with an optimal concentration 
of PWM.
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Autologous and allogenic combinations: effect on spontane
ous and PWM induced IgM production

Equal numbers (1 x 105) of E + and E— cells or 1 x 
105 E-cells alone from normal donors or JDM patients were 
cultured in autologous and allogeneic combinations in CCM 
supplemented with 10% FCS in the presence or absence of 
an optimal concentration of PWM. Supernatants from tripli
cate wells were collected after 8 days incubation and tested 
for IgM content as described above.

Statistical analysis
Grouped data was compared using the Wilcoxon Rank 

Sum Test except when comparing results for patients and con
trols in the mitogen proliferation studies where the Student’s 
T-test for unpaired samples was applied.

compared patients in each subgroup in terms of their 
drug treatment, length of history, ambulatory status 
and CPK there appeared to be no correlation with 
reduced mitogen responses. The mean proliferative 
responses to PWM by PBM from juvenile patients did 
not differ from those of adult or childhood controls.

Spontaneous and PWM-induced IgM production
Spontaneous and PWM-induced IgM production 

by PBM from 9 normal adults, 11 patients with JDM, 
6 normal children and 8 adults with PM are shown in 
fig. 1. PBM from the adult patients did not differ in 
either their spontaneous (mean ± SD; 65 ± 16 ng/ml) 
or PWM-induced (2022 ±418 ng/ml) IgM production

Table I. Proliferative response of PBM from normal adult and childhood controls and from patients with PM and IDM to 
mitogens added at optimal and sub-optimal concentrations.

3H-THYMIDINE INCORPORATION (cpm ± SD)

Control Adults 
(n = 11)

Control Children 
(n = 5)

JDM Patients 
(n = 13)

Adult PM Patients 
(n = 8)

MITOGEN
PHA (10  ng/ml) 51776 ±  42776 75209 ±  18901 67499 ±  57611 26664 ± 21651*

( 1 fig/ml) ND** ND** ND** 8038 ± 5974

Con A ( 10 fig/ml) 69079 ±  25072 43890 ±  40290 51138 ±  16499 24235 ± 30836*
( 1 ng/ml) 26432 ±  9103 25034 ±  10027 23341 ±  12005 9086 ±  11664*

OKT 3 ( 25 [Lg/ml) 33609 ±  17113 ND 26761 ±  17184 10682 ±  12351*
(2.5 ng/ml) 5111 ±  2317 ND 4219 ±  2308 2438 ±  1423*

PWM (1/100) 37945 ±  8312 29076 ±  13241 43100 ±  20369 ND
(1/1000) 13769 ±  8312 ND 14969 ±  6326 ND

medium alone 100 ±  567 2036 ±  1949 2096 ±  3886 876 ± 415

* p < 0.05; Student’s T-test. Significance determined by comparison with values given by appropriate age-matched normal control popu
lations at the same mitogen concentration.

** ND not determined.

Results

Proliferative responses to mitogens
The mean level of proliferation to the T-cell mito

gens PHA, Con A and OKT3 by PBM from 13 JDM 
patients did not differ significantly from that of cells 
from the normal adult or childhood control groups (Ta
ble I). PBM from 8 adult patients with PM did not 
show increased background levels of proliferation in 
the absence of mitogen. However, the mean prolifera
tive response of their PBM to all three T-cell mitogens 
was lower (p < 0.05) than adult controls at both op
timal and sub-optimal concentrations. Although not 
shown here, the mean decrease of proliferative response 
was due to a subgroup of 4 patients who gave signifi
cantly lower responses than the other 4. Although we

from that shown by cells from adult control individu
als (50 ±  10 and 2183 ±  492 ng/ml respectively). The 
mean level of spontaneous IgM production by PBM 
from the juvenile patients (232 ±148 ng/ml) was sig
nificantly higher than childhood controls (128 ±187  
ng/ml), (p < 0.01). Although it appeared that spon
taneous IgM production by childhood controls was 
greater than that by cells from normal adults, the differ
ence was attributable to 1 high value within this child
hood group. Comparison of the means showed no 
significant difference. Only 3/11 of the JDM patients 
produced IgM levels within the normal range. The 
mean levels of PWM-induced IgM production by JDM 
patients (712 ±  560 ng/ml) were significantly less (p 
< 0.01) than that of appropriate age-matched controls 
(1828 ±  709 ng/ml). Further, in 7/11 patients, high
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Fig. 1 ■ Spontaneous (panel A) and PWM-induced (panel B) IgM 
production by PBM from 8 normal adult controls (AC), 6 control 
children (CC), 11 patients with JDM and 8 adult PM patients. The 
closed square in CC panels indicate spontaneous and PWM response 
of the same normal child.

spontaneous immunoglobulin production was correlat
ed with an inability to produce significantly increased 
amounts of IgM in response to PWM stimulation.

Effect o f recombining autologous and allogeneic T and 
non-T cells on spontaneous and PWM-induced IgM 
production

The PWM-stimulated immunoglobulin response is 
not MHC restricted (20). Combinations of T and non- 
T cells from different individuals can therefore be used 
to investigate PWM-induced immunoglobulin produc
tion. In the experiments shown in Table II, E + and 
non-T populations were obtained by fractionation of 
PBM from a total of 5 normal adults and 3 JDM pa
tients. Allogeneic combinations of normal T and non- 
T cells did not differ significantly from their autolo
gous combinations for PWM-induced or spontaneous 
IgM production. Of the 5 normal allogeneic combina
tions examined, 2 significantly enhanced and 1 sup
pressed Ig production (data not shown). However, 
when these results were combined (Table II), there was 
no overall difference between alio and autologous com
binations for normal cells with respect to mean Ig 
production. When JDM E + cells were co-cultured with 
normal non-T cells a) spontaneous IgM production was 
significantly enhanced compared with allogeneic com
binations of cells from normal donors b) IgM produc
tion in response to PWM was significantly reduced 
compared with the autologous combination of normal 
cells cultured with PWM. When E + cells from nor
mal donors were co-cultured with JDM non-T cells 
spontaneous IgM production was significantly reduced

Table II. Spontaneous and PWM-induced IgM production 
in supernatants from autologous and allogenic combinations 
of equal numbers of T and non-T cells from normal adults 
(N) and JDM patients.

3H-THYMIDINE INCORPORATION (cpm = SD)

a) Autologous combinations

E + E— n* Spontaneous a* PWM

N N 3 43 ±  4 1694 ±  273
JDM JDM 3 290 ±  65 297 ±  80

— N** 3 <  10 ND
— JDM** 3 54 ±  15 ND

b) Allogeneic combinations

E + E— n Spontaneous PWM

N N 5 40 ±  20 1770 ±  238
N JDM 3 128 ±  11 1380 ±  275

JDM N 4 144 ±  29 267 ±  122

* Number of combinations of 1 X 10s E + and E— lymphocytes 
from patients or controls.
*M  x  10s E— cells cultured alone.
a) The results are given as the mean ±  SD IgM production of tripli
cate wells cultured in the presence or absence of PWM. 
Significance levels for the various combinations of patient and con
trol populations compared with appropriate autologous combina
tions are given in the Results section.

compared to combinations of autologous JDM cells. 
This combination also showed that IgM production in 
response to PWM was significantly enhanced compared 
with the autologous mixture of JDM cells. Significance 
levels were at the 1% level.

Effect o f cytokines on spontaneous and PWM-induced 
IgM production

From the results presented in fig. 2A and B, it was 
apparent that JDM T-cells could not enhance IgM 
production by normal or patient E-cells in the presence 
of PWM. The following studies were conducted to de
termine whether the addition of cytokines to the cul
tures could correct this defect. Addition of ylFN  and 
MLR supernatants to PBM from normal individuals 
and JDM patients resulted in a significant increase in 
spontaneous IgM production (p <  0.01). IFNy also sig
nificantly enhanced IgM production from PWM- 
stimulated cultures of cells from both groups of sub
jects, although IgM production by JDM lymphocytes 
in response to ylFN  was significantly greater than nor
mal lymphocytes (p < 0.01). The addition of ylFN  to
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Figs. 2 A, B - Effect of the addition of rIL2, rlFNy and MLR super
natants on in vitro spontaneous and PWM-induced IgM production 
by PBM from (a) 4 normal individuals and (b) from 4 JDM patients.

cultures of patient cells to which PWM had also been 
added increased IgM production but did not approach 
values shown by parallel control cultures both in the 
presence and absence of exogenous -flFN. MLR super
natants did not increase PWM-induced IgM produc
tion at the concentrations tested and rIL2 had no effect 
on either spontaneous or PWM-induced IgM produc
tion in either patients or controls.

Discussion

In this study of a series of patients with inflamma
tory muscle disease, we have described differences of 
in vitro lymphocyte function between adult PM patients 
and children with dermatomyositis, when compared 
with appropriate age-matched controls. Further, the na
ture of the defect differed between each patient group. 
The significantly lower proliferative response of PBM 
from adult PM patients to T-cell mitogens confirmed 
and extended the results of another study, in which the 
proliferative response to PHA was measured (15). 
Whether there are decreased frequencies of mitogen 
responsive cells in PBM from PM patients or inade
quate production of, or responsiveness to, IL2 is cur
rently under investigation.

In contrast, there was no defect in the ability of cells

from JDM patients to undergo proliferation, presuma
bly via the IL2 autocrine pathway, in response to stimu
lation with T-cell mitogens. Previous studies of a small 
group of JDM patients (14) reported similar results. 
Proliferation of cells from JDM patients following 
stimulation with PWM, was also not impaired. 
However, when spontaneous and PWM-induced IgM 
production was measured, marked differences in 
responses between the two patient groups were seen. 
PBM from most (8/11) JDM patients, but not from 
adult patients, produced elevated levels of im
munoglobulin spontaneously in vitro. There were no 
apparent differences in drug treatment or length of his
tory of disease between those patients whose cells 
produced IgM spontaneously and those who did not. 
Cells from one of the control children (a male aged 13 
years with a fractured radius) also produced high lev
els of IgM spontaneously. Unlike the children with 
JDM however, he showed the expected increase in IgM 
production following PWM stimulation (Fig. 1).

As the mean IgM responses of normal children test
ed did not differ significantly from those of adult cells, 
we decided that cells from adult controls were suitable 
for further studies in which the effect of cytokines on 
the in vitro response and T-B cell interactions were 
studied. Two pieces of evidence suggested the presence 
of activated B cells in the peripheral blood of JDM pa
tients. Firstly, patient E— cells spontaneously secret
ed 5 times more IgM than normal E— cells. Further, 
combinations of JDM E— and normal E + cells spon
taneously produced 3 times more IgM than normal al
logeneic cocultures.

In experiments where control and patient T and 
non-T cells were mixed and IgM production measured, 
evidence was also found for the presence of activated 
T as well as B cells in PBL from JDM patients. The 
addition of JDM T-cells to autologous or allogeneic 
non-T cells resulted in significantly enhanced IgM 
production, suggesting that T-cells from these patients 
were providing the signals, presumably via the release 
of cytokines, necessary for spontaneous IgM produc
tion (Table II). Although recombining autologous T 
and non-T cells in a 1:1 ratio may result in enhanced 
IgM production in vitro (21), we found no differences 
between the amount of immunoglobulin in these su
pernatants from that of unseparated PBM in either pa
tients or controls (data not shown). Allogeneic 
combinations of normal T and B cells may induce either 
augmented or reduced Ig production compared with 
autologous combinations (22, 23). Although there was 
considerable variation in the results shown by individu
al combinations of allogeneic cells, when these results 
were combined (Table II), there was no overall differ
ence between alio and autologous combinations with 
respect to mean Ig production. In contrast, combina
tions of JDM E + and normal E— cells always result
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ed in augmented IgM production. Additionally, in the 
experiments shown here, the mixing of normal E + and 
JDM E— cells always resulted in significantly lower 
IgM production. We have concluded from these experi
ments that autologous and allogeneic effects made only 
a minor contribution to the results.

As shown in fig. 1, PWM stimulation of JDM cells 
did not result in the expected increase of in vitro im
munoglobulin production, whereas PBM from adult 
patients gave values for spontaneous and PWM- 
induced IgM production similar to those of normal and 
age-matched controls. The addition of allogeneic T- 
cells could partially restore the response of patient B- 
cells to this mitogen. The PWM responsive B-cell popu
lations from these patients were thus shown to be able 
to respond normally to T-cell signals and did not ap
pear to be intrinsically defective. Another explanation 
could be that PBM from JDM patients contain a sup
pressor T-cell population, capable of inhibiting im
munoglobulin production following PWM stimulation, 
which has been described in PBM from SLE patients 
(24). This ‘suppressive’ effect was unlikely to be due to 
allogeneic or PWM-induced suppression as all normal 
allogeneic combinations of E + and E— cells (Table 
II) gave similar levels of IgM in response to PWM as 
the autologous combinations. This is in agreement with 
previous studies which have shown that allogeneic cells 
do not suppress the PWM response (25). Alternative
ly, it could be that the lack of a suitable helper popu
lation in JDM PBM is responsible for the defective 
PWM response. This population of cells is possibly 
analogous to a subpopulation of CD4 + ve lympho
cytes which express the antigen recognised by the 
UCHL1 monoclonal antibody (26). We are currently 
investigating the functional activity of cells with this 
phenotype in JDM patients.

A variety of lymphokines produced by activated T- 
cells (for example IL4, IL2, BCGFII and IFNy) could 
be responsible for causing the activation and differen
tiation of B-cells into immunoglobulin secreting cells 
(20). The ability of cytokines to reverse the defective 
PWM response of patient cells was therefore examined. 
Activated B-cells express low affinity IL2 receptors and, 
in the PWM response, IL2 has been claimed to be es
sential for the differentiation of normal B-cells to plas
ma cells (27). The inability of JDM T-cells to provide 
‘help’ to B-cells in the presence of PWM was unlikely 
to be due to a failure of IL2 production, as the prolifer
ative response of JDM cells to PWM was similar to that 
of normal cells (Table I). In addition, rIL2 added to 
the cultures failed to result in increased IgM produc
tion. The inability of IL2 to induce IgM production by 
B cells could have been due to excess T cells in the cul
tures which have been shown to inhibit IgM produc
tion by B cells in response to IL2 (28). MLR 
supernatants had no effect but ylFN doubled IgM

secretion by JDM cells in response to PWM. JDM cells, 
however still produced significantly less IgM than cells 
from normal donors.

Activated T cells have been shown to produce ylFN 
(29) and our results showed that addition of ylFN to 
cultures greatly increased spontaneous IgM production 
by both normal and patient PBM (Figs. 2a and b). In 
contrast to PWM stimulated cultures, response was 
particularly enhanced for JDM cells. Purified normal 
human B cells do not produce IgM in response to IFN  
alone (20). Therefore the effects of ylFN are more likely 
to be mediated through interaction with monocytes or 
T-cells. ylFN has been shown to induce the release of 
IL1 from monocytes (30) and IL1 has also been impli
cated as a cofactor in B-cell differentiation (31). MLR 
supernatants, which reportedly contain IFNy, as well 
as other factors capable of affecting B-cell activation 
(32), were found to enhance spontaneous IgM produc
tion in both groups of subjects (p < 0.01). The results 
suggested that ylFN could be one of the cytokines in
volved in stimulating IgM production from pre
activated subpopulations of B cells. The proportion of 
such cells appeared to be increased in JDM patients.

Although the finding of activated T- and B-cells in 
the peripheral blood of JDM patients is not surpris
ing, it is perhaps of interest that such cells are not found 
in PBL from adult patients also suffering from what 
is thought to be an inflammatory muscle disease. Most 
of the patients included in these studies were receiving 
therapy and average length of history of disease was 
similar for both patient groups. Although not yet ade
quately investigated in adults, the possible involvement 
of a viral agent in JDM patients (32, 34) suggests that 
our observations reflect the immune response to a 
chronic infection of muscle. The understanding of the 
autoimmune state in inflammatory muscle disease in
volves a consideration of many factors including those 
of genetic predisposition, defects in immunoregulato- 
ry circuits and possible viral involvement. We have 
presented evidence of differences of in vitro immune 
function between adult PM and JDM patients, which 
supports previous smaller studies and provided initial 
evidence of hitherto undescribed immunoregulatory 
defects in peripheral blood lymphocyte populations 
from patients with JDM.
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Proliferative responses of PBMC from JDM patients to purified human skeletal 
muscle membrane

The proliferative responses of PBMC from 4 JDM patients to purified human 
skeletal muscle membrane were determined (Fig A). There was no significant 
difference between responses of patients and controls, although responses of 
patient cells were consistently slightly higher than controls.

Time course of proliferative responses of PBMC from JDM patients to purified 
human skeletal muscle membrane

Proliferative responses of PBMC from 2 patients and 2 controls to purified human 
skeletal muscle membrane were determined over a 5 day time course. Proliferation 
was measured from day 3 to day 7 of culture (Fig B). No significant difference in 
response of patients and controls was observed.
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Fig A Proliferative responses of PBMC (2*10r) from 4 JDM patients and childhood 
controls to purified normal human skeletal muscle membrane. Proliferative 
responses in the absence of antigen have been subtracted from the results. 
METHODS Skeletal muscle, obtained at surgery, was cut into small pieces, 
dissociated using a Buhler apparatus (3000rev/min) and mechanically 
homogenised. The muscle (100mg/ml in PBS) was then centrifuged (750g) to 
remove nuclear material and ultracentrifuged (50000g) to obtain the membrane 
pellet. The membrane pellet was recovered and homogenised in PBS(1 mg/ml) 
containing Vitamin E as anti-oxidant. Purity of the preparation was assessed by 
scanning electron microscopy and enzyme analysis. Proliferation was measured 
after 7days culture.
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Fig B Time course of proliferative responses of PBMC from 2 JDM patients and 2 
childhood controls to purified human skeletal muscle membrane. PBMC (2 x 1(f) 
were cultured for 3-7 days and proliferation measured


