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while  in  t h e  second week  t he  e x p l a n t s  g r a d u a l l y  b e c a m e  
smaller .  W h e n  m e a s u r i n g  t h e  a m o u n t  of DNA,  R N A  a n d  
pro te in ,  t h e  cu rve  i n d i c a t e d  t h e  same decl ine d u r i n g  t h e  
second week  (unpub l i shed  results) .  The  a c t i o n  of db-  
c A M P  m i g h t  the re fo re  be  exp la ined  b y  t he  i n h i b i t i o n  of 
cell d e a t h / o r  t h e  s t i m u l a t i o n  of cell p ro l i fe ra t ion .  W e  

m u s t  bea r  in  m i n d  t h a t  t h e  g r o w t h - p r o m o t i n g  effects  of 
c A M P  are some t imes  c la imed  to  be  due  to  t h e  r e s t o r a t i on  
of t h e  pu r ine  nuc leo t ide  pool  a n d  n o t  to  a specific in-  
f luence 1% 

10 T. Hovi, A. Vaheri, Nature New Biol. 245, 175 (1973). 
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Summary. Cytocha l a s in  D (CD) causes  a n  u n u s u a l  surface  a l t e r a t i o n  in n o r m a l  l y m p h o c y t e s  cons i s t ing  of t h e  f o r m a t i o n  
of focal  i r r egu la r  c l u b - s h a p e d  cell processes.  L y m p h o c y t e s  f rom chron ic  l y m p h o c y t i c  l eukaemic  cases d id  n o t  show 
th i s  c h a n g e  on  exposure  to  CD. There  was e i the r  no  surface  c h a n g e  or, in  some cases, c lear  d o u b l e - m e m b r a n e  l ined 
vesicles were  fo rmed  and  a p p e a r e d  to be  d i s c h a r g e d  f rom t h e  cell. This  d i f ference in response  m a y  be  r e l a t ed  to  t he  
changes  in cell m e m b r a n e s  k n o w n  to  occur  in  m a l i g n a n t  t r a n s f o r m a t i o n .  

The  effect  of c y t o c h a l a s i n s  on  m a m m a l i a n  cells are  
n u m e r o u s  a n d  are  t h o u g h t  to  be  b r o u g h t  a b o u t  b y  a n  
a l t e r a t i o n  of t he  cell  m i c r o f i l a m e n t  func t i on  e-5. S tud ies  
w i t h  t r i t i a t e d  c y t o c h a l a s i n  D (CD) s u p p o r t  th i s  co n cep t  
as i t  is t a k e n  up  a n d  b o u n d  to  t he  s u b p l a s m a l e m m a l  
mic ro f i l amen t s  or  cell m e m b r a n e %  Prev ious  u l t r a s t r u c -  
ru r a l  s t u d y  on  t h e  effects  of CD on t he  m o r p h o l o g y  of 
cu l t u r ed  t u m o u r  cells showed  cy top l a smic  p ro jec t ions  
t h o u g h t  t o  b e  s imi la r  to  zeiot ic  b l e b s L  The  p r e s e n t  s t u d y  
of t he  effects  of CD on n o r m a l  h u m a n  pe r iphe ra l  b lood  
l y m p h o c y t e s  show t h e  morpho log ica l  surface  a l t e r a t i o n s  
to  cons is t  of u n u s u a l  cy top l a smic  processes.  These  pro-  
cesses were  focal  a n d  did  n o t  unde rgo  r epea t ed  p r o t r u s i o n  
a n d  r e t r a c t i o n  in c o n t r a s t  to  t he  p h e n o m e n o n  of zeiosis s. 
The  change  seen was in keep ing  w i t h  t he  concep t  of t h e  
ac t ion  of t h e  cy tocha l a s in s  on  t h e  mic rof i l aments .  I n  t h e  
cases of chron ic  l y m p h o c y t i c  l e u k a e m i a  (CLL) t he re  was  
e i t he r  no  m a r k e d  surface  change  or, in  a few cases, t he re  
was f o r m a t i o n  of doub le  m e m b r a n e  l ined vesicles a t  t h e  
cell surface.  The  r ea son  for  t he  d i f fe ren t  morpho log ica l  
response  in t h e  chron ic  l y m p h o c y t i c  l eukaemic  l y m p h o -  
cytes  was  n o t  a p p a r e n t  f rom th i s  s tudy .  

Materials and methods. CD was dissolved in d i m e t h y l -  
sul foxide (DMSO).  L y m p h o c y t e s  were o b t a i n e d  f rom 
n o r m a l  donors  a n d  f rom cases of CLL.  The  fol lowing 
l y m p h o c y t e  p r e p a r a t i o n s  were used. 1. L y m p h o c y t e s  in  
l eucocy te - r i ch  p l a s m a  w i t h o u t  f u r t h e r  man ipu l a t i on ,  2. 
l y m p h o c y t e s  s e p a r a t e d  on  a F i co l l -H y p aq u e  g rad ien t ,  
w a s h e d  a n d  suspended  in g r o w t h  m e d i u m  (GM) con-  
s i s t ing  of Eag le ' s  m e d i u m  w i t h  10~o fe ta l  calf  serum,  3. 
l y m p h o c y t e s  s e p a r a t e d  on a F i co l l -H y p aq u e  g rad ien t ,  
w a s h e d  w i t h  GM a n d  r e suspended  in p lasma.  Cell sus- 
pens ions  a t  a c o n c e n t r a t i o n  of 1 mi l l ion  cells per  ml  were 
i n c u b a t e d  for  40 m i n  a t  37 ~ w i t h  a f ina l  c o n c e n t r a t i o n  of 
1. CD, 1 ~xg/ml a n d  2. CD, 15 vg/ml .  T h e  c o n c e n t r a t i o n  of 
DMSO was 0 .5%. Contro ls  w i t h  a n d  w i t h o u t  0 .5% DMSO 
were also p repa red .  U n f i x ed  we t  p r e p a r a t i o n s  were 
s tud ied  i m m e d i a t e l y  a t  t h e  en d  of t h e  40 mi n  i n c u b a t i o n  
b y  phase  microscopy.  The  cell suspens ions  were t h e n  
f ixed in ice-cold 2% g l u t e r a l d eh y d e  for s cann ing  e lec t ron  

Fig. 1. Arrows point to focal cytoplasmic irregularities at 1 pole of 
normal lymphocytes exposed to CD 15 Exg/ml, unfixed wet specimen. 
• 550. 

Fig. 2. TEM of above preparation showing surface irregularities to be 
cytoplasmic, club-shaped processes. • 21,000. 
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m i c r o s c o p y  (SEM) a n d  in g l u t e r a l d e h y d e  w i th  p o s t f i x a t i o n  
in 2% o s m i u m  t e t r o x i d e  buf fe red  w i t h  cacody l a t e  for 
t r a n s m i s s i o n  e lec t ron  m i c r o s c o p y  (TEM). The  cr i t ical  
po in t  d r y i n g  m e t h o d  w i t h  CO 2 was  used  for t he  s c a n n i n g  
e lec t ron  m i c r o s c o p y  p r epa ra t i ons .  For  T E M  t h e  m a t e r i a l  
was  d e h y d r a t e d  in inc reas ing  c o n c e n t r a t i o n s  of alcohol,  
c leared in p ro p y l ene  oxide  a n d  e m b e d d e d  in e p o x y  resin.  
Results and discussion. A s u m m a r y  of t h e  morpho log ica l  
c h a n g e s  in t h e  l y m p h o c y t e s  in GM is s h o w n  in t he  table .  
I n  t h e  u n f i x e d  p r e p a r a t i o n s  of n o r m a l  l y m p h o c y t e s  w i th  
CD, focal  c y t o p l a s m i c  processes  i nvo lv ing  u s u a l l y  a b o u t  
1/8 to  1/4 of t h e  cell c i r cumfe rence  were seen (figure 1). The  
processes  a n d  t h e  cells t h e m s e l v e s  were s t a t i o n a r y  w i th  
no ev idence  of t h e  c o n t i n u a l  p r o t r u s i o n  a n d  r e t r a c t i o n  as 
seen  in zeiosis an d  we feel t h i s  t e r m  is i n a p p r o p r i a t e  for 
t he  c y t o c h a l a s i n - i n d u c e d  processes .  T h e  cells t hemse lve s .  
were also nonmot i l e .  B y  T E M  focal  a reas  of c lub - shaped ,  
c y t o p l a s m i c  processes  were seen (figure 2). B y  SEM the  
cover ing  of t h e  en t i re  sur face  of t he  con t ro l  l y m p h o c y t e s  
w i t h  sma l l  microvi l l i  differed m a r k e d l y  f rom those  ex- 
posed  to  t h e  c y t o c h a l a s i n  where  t h e  focal, i r regula r  c lub-  
s h a p e d  processes  were p r e s e n t  a t  1 pole of t he  cell (figure 

3). W a s h i n g  t he  c y t o c h a l a s i n  f r o m  t h e  cells also a l lowed a 
r e t u r n  to  n o r m a l  s h a p e  a n d  as ev idenced  b y  t he  t r y p a n  
b lue  dye  exc lus ion  t e s t  t he re  was  no loss of v iab i l i ty .  
I n  t he  chron ic  l y m p h o c y t i c  l e u k a e m i a  cases  w he n  ex-  
posed  to  t he  c y t o c h a l a s i n s  on ly  occas iona l  cells h a d  t he  
focal  c y t o p l a s m i c  processes ,  t he  m a j o r i t y  a p p e a r i n g  nor-  
m a l  a n d  r o u n d  (figure 4). B y  T E M  9 of t he  cases  showed  
no su r f ace  a b n o r m a l i t y .  I n  6 cases  some  cells h a d  clear, 
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Fig. 3. SEM picture of these ceils shows focal nature of these cyto- 
plasmic processes (arrow). Note smoothness of remainder of cell sur- 
face. • 9500. 

Fig. 5. TEM of one of the cases of chronic lymphocytic leukaemia 
with blebbing. Note apparent extrusion of double membrane-lined 
vesicles (V). • 9000. 

Fig. 4. Chronic lymphocytic leukemic lymphocytes exposed to CD Fig. 6. By SEM spherical blebs of various sizes (arrows) can be seen 
15 ~g/ml. Note normal shape in contrast to figure 1. • 350. on the surface of the lymphocytes. • 5600. 
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Morphological Changes 
Diagnosis Preparation No. of cases Wet fihn TEM SEM 

Normal Lymphs in GM 15 Normal, round Normal 

Lymphs in DMSO (0.5%) 4 Normal, round Normal 
Lymphs in GM & CD 15 [xg/ml 15 Focal cell processes. Focal club-shaped processes 

CLL Lymphs in GM (0.5%) 15 Normal, round Normal 

Lymphs in DMSO 3 Normal, round Normal 
Lymphs in GM & CD 15 ~g]ml 15 9 Majority (95%) normal, round Few cells club-shaped processes 

6 Surface blebs Double membrane lined vesicles 

Small 
microvilli 

Focal club- 
shaped 
processes 

Small 
microvilli 

Few cells 
club-shaped 
processes 
Surface blebs 

doub le  m e m b r a n e  l ined vesicles e x t e n d i n g  f rom t he  cell 
sur face  (figure 5). I n  some cells t h e y  a p p e a r e d  to be  dis- 
cha rged  f rom the  cell. T he  SE M conf i rmed  t h i s  f ind ing  b y  
t h e  d e m o n s t r a t i o n  of sausage  shaped  or spher ica l  b lebs  on 
t h e  cell surface  of t he  l y m p h o c y t e s  (figure 6). 
The  focal surface  changes  in t he  n o r m a l  l y m p h o c y t e s  m a y  
be  exp l a ined  on  m i c r o f i l a m e n t  a l t e r a t i o n  due  to t he  
CDT,% The  dif ference of response  in t he  CLL cells is 
h a r d e r  to  exp la in  b u t  d i f ferences  in t he  cell m e m b r a n e s  of 
m a l i g n a n t  and  n o r m a l  cells are  well  k n o w n  10. S imi la r ly  
t h e  p h e n o m e n o n  of ' b l e b b i n g '  in m a l i g n a n t  ceils on ex- 
posu re  to  d rugs  wh ich  af fec t  the  cell m e m b r a n e  has  also 
been  recognised  11. The  poss ib i l i ty  of t he  ' b l e b b i n g '  be ing  
due  to  t he  assoc ia ted  c h e m o t h e r a p y  for t he  CLL is un-  
l ike ly  as in one of t he  cases w i t h  m a r k e d  b l e b b i n g  no  
t h e r a p y  h a d  been  given.  A l t h o u g h  the  change  was seen in 
all  p r epa ra t i ons ,  w h e n  t he  cells were e x a m i n e d  in g r o w t h  

m e d i u m  a f t e r  wash ing  t he  change  was  more  p ronounced .  
Th i s  e n h a n c e m e n t  m a y  be  due  to  the  wash ing  m a k i n g  the  
cell m e m b r a n e  more  suscep t ib le  to  t h e  d r u g  ac t ion  or to  
t he re  be ing  some p r o t e c t i v e  fac tors  in  t he  p l a sma .  The  
focal  n a t u r e  a n d  a s y m m e t r y  of t he  cell processes  in t he  
cy tocha las in -a f fec ted  n o r m a l  l y m p h o c y t e s  is p e r h a p s  sur-  
p r i s ing  as cy tocha l a s in  ha s  been  found  to i n h i b i t  t he  
' c app ing '  p h e n o m e n o n .  I t  is, however ,  in  keep ing  w i t h  
p rev ious  f ind ings  of cy tocha l a s in  in  var ious  cu l tu red  
cells 9,12. 
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The  i m m u n o p o t e n t i a t i n g  effect of th iosulphate  in v ivo  1 
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Summary. Sod ium t h i o s u l p h a t e  in jec ted  i.v. i n to  mice causes  a m a r k e d  increase  in c o n c e n t r a t i o n  of severa l  se rum 
pro te ins ,  p a r t i c u l a r l y  i m m unog l obu l i n s .  W h e n  g iven  t oge the r  w i t h  an t igen ,  i t  s ign i f i can t ly  p o t e n t i a t e s  t he  T - d e p e n d e n t  
humoral responses. 

The  r e q u i r e m e n t  of th io ls  for  t he  a c t i v a t i o n  of in v i t ro  
i m m u n e  responses  ~,~ w a r r a n t s  the  search  for ac t ive  in 
v ivo  su l fu r - con ta in ing  i m m u n o p o t e n t i a t o r s .  The  sup-  
press ion  r a t h e r  t h a n  p o t e n t i a t i o n  caused  b y  organic  th io ls  
in  vivoS, 6 t u r n e d  a t t e n t i o n  to  t h i o s u l p h a t e  (TS), wh ich  
was t h o u g h t  to  increase  I g M - p r o d u c t i o n  b y  a c t i v a t i n g  
th io l -d isu l f ide  i n t e r c h a n g e  7,8, a key  process  in IgM- 
p e n t a m e r i z a t i o n  9. 
Materials and methods. I n b r e d  B a l b / c  a n d  co lony-b red  
Swiss mice  of b o t h  sexes, 6 -8  weeks  old, were used for ex- 
pe r imen t s .  The  mice were i n j ec t ed  i.v. w i t h  T S  (5%) da i ly  
d u r i n g  d i f fe ren t  per iods  of t i m e  in doses co r re spond ing  to  
t h e  m a x i m a l  h u m a n  cl inical  doses (0.3 mg /g  b .wt)  or 
twice  as much .  Cont ro l  a n i m a l s  rece ived  saline.  Blood 
samples  (0.3 ml) were t a k e n  for ana lys i s  once a week  a n d  

responses  of i n d i v i d u a l  mice were recorded.  Fo r  chemica l  
ana lys i s  of s e rum pro te ins ,  2 e lec t rophore t i c  m e t h o d s  
were used :  a) modi f ied  1~ e l e c t r o c h r o m a t o g r a p h i c  frac- 
t i o n a t i o n  n a n d  b) isoelectr ic  focus ing  on  po lyac ry l amide  
gel. 
To t e s t  t he  inf luence  of T S - t r e a t m e n t  on t he  specific 
h u m o r a l  i m m u n e  responses ,  g roups  of mice were im- 
m u n i z e d  i.v. e i t he r  w i t h  5 X l0  s t r i n i t r o p h e n y l - c h i c k e n  
red  b loods  cells (TNP-CRBC) ,  or  1 • l0  s sheep red  blood 
cells (SRBC) ( T - d e p e n d e n t  response)12. Fo r  s t u d y i n g  T- 
i n d e p e n d e n t  response,  10 ~g of t r i n i t ropheny l - l i popo l i -  
sacchar ide  ( T N P - L P S )  18 was in jec ted  i.v. D i f fe ren t  sched-  
ules of T S - a d m i n i s t r a t i o n  (0.3 mg/g  dai ly)  were used ( table  
2). The  n u m b e r  of p l aque - fo rming  cells (PFC) was re- 
co rded  4 days  a f t e r  i m m u n i z a t i o n  b y  microscope  slide 


