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ing expe r imen t  was set  up:  toge the r  w i th  the  mitogen,  
d ibu ty ry l  cyclic AMP (db cAMP) was added  to  the  in- 
cuba t ion  med ium in a concen t ra t ion  which  is able to in- 
h ib i t  t h y m o c y t e  t r ans fo rma t ion  6. In  a separa te  experi-  
ment ,  it  was  found t h a t  db  cAMP, a t  the  concen t ra t ion  
used (1 • 10 -5 M 1 m1-1 of medium),  decreased the  in- 
corpora t ion  of 3H-thymidine  to 9% of the  control  (Con A 
wi thou t  db  cAMP), which corresponds  to  the  value for 
the  non-s t imula ted  t h y m o c y t e  popula t ion .  The results  
ob ta ined  in these  exper imen t s  (Figure 2) indicate  t h a t  
inhib i t ion  of the  cell ac t iva t ion  does no t  change the  pro-  
por t ion  of rose t te - forming  thymocy te s .  Therefore  we can 
conclude t h a t  rose t te  fo rmat ion  by  mouse  t h y m o c y t e s  
af ter  incubat ion  wi th  mi togens  is no t  d e p e n d e n t  on the  
changes  in the  cell m e m b r a n e  l inked to  cell ac t ivat ion,  
bu t  on the  charac te r  of the  cell surface a t  the  m o m e n t  
when  the  cell makes  con tac t  wi th  a mitogen,  and on the  
presence of the  mi togen  bound  to t he  cell surface. Since 
th is  conclusion con t rad ic t s  t h a t  of POLIT~S e t  al. 7, we 
examined  the  effect  on rose t te  fo rmat ion  of specific in- 
h ib i tors  s of the  b inding  of mi togen  to the  cell surface. 
We found (Figure 1) t h a t  washing  wi th  these  inhibi tors  
t h y m o c y t e s  previously  exposed to a mi togen  caused a 
s ignif icant  decrease  in the  n u m b e r  of rose t te - forming  
thymocy tes ,  which showed t h a t  our conclusion was cor- 
rect. 

The difference be tween  the  mouse  t h y m o c y t e s  in abi l i ty  
to form rose t tes  could, however ,  be connec ted  wi th  a dif- 
ferent  d i s t r ibu t ion  of the  surface receptors  for P H A  and 
Con A because all the  t h y m o c y t e s  b ind  these  mi togens  9. 
Pe rhaps  the  di f ferent  d i s t r ibu t ion  of the  surface receptors  
is also responsible  for the  difference among  t h y m o c y t e s  
in responsiveness  to  the  mi togens  ~0, ~ 
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Summary.  A num ber  of proteins,  po ly-L-amino  acids, o l igopept ides  and lipids were tes ted  for neutrophi l ,  eosinophil  
and macrophage  chemotac t i c  act ivi ty.  One myoglobin  p repa ra t ion  was active. Based on the  nega t ive  f indings for all 
o ther  substances ,  p r ima ry  s t ructure ,  secondary  s t ructure ,  degree of hydrophob ic i ty ,  size and charge of a molecule, 
could be ruled out  as s t ruc tu ra l  features  recognized by  chemotac t ica l ly  responding  phagocytes .  

Numerous  leukocyte  chemotac t i c  factors  have  been de- 
scribed recent ly  a bu t  it  nonetheless  remains  unclear  how 
phagocy tes  are able to d iscr imina te  chemotac t i c  agents  
and by  w h a t  mechan i sms  they  respond to a vector ia l  
signal. Phagocy tes  could car ry  subst ra te-speci f ic  recep- 
tors  for chemotac t i c  recogni t ion or t h e y  could recognize 
various factors  by  a basic common  percep t ion  mechanism.  
The grea t  d ivers i ty  of cy to t ax ins  has thus  far prec luded 
es t ab l i shmen t  of the  charac ter i s t ics  which  specify a 
molecule as a leukocyte  a t t r a c t a n t .  
In  the  p re sen t  work, th is  p rob lem was explored  by  using 
an a r ray  of compounds  of known s t ruc tu re  for eva lua t ing  
the i r  chemotac t i c  ac t iv i ty  in vi tro.  Agents  were selected 
on the  basis of cr i ter ia  which migh t  con t r ibu te  to chemo- 
tac t ic  recogni t ion : 
a) specific amino-acid  forming  the  N- te rmina l  or C- 
t e rmina l  end of an act ive  pept ide,  b) def ined p r i ma ry  
s t ruc tu re  (sequence) forming  the  act ive center  of a cyto-  
taxin ,  c) def ined secondary  s t ruc tu ra l  conformat ion  (e.g. 
r a n d o m  coil 4, d) the  overal l  charge of a molecule as ex- 
pressed by  i ts  isoelectric po in t  5, e) the  degree of hydro-  
phobic i ty  of a molecule 3, 6. 
Material and methods. Most  of the  28 compounds  tes ted  
were syn the t i c  di-, tr i-  and  po ly-L-aminoac ids  and  lipids 
ob ta ined  f rom Sigma, St. Louis, Mo., USA.  Myoglobin 
was ob ta ined  f rom Sigma (M 1882) and  Serva, Heidel-  
berg, B R D  (29895). Test  mater ia l s  were dissolved in 
Gey 's  ba lanced salt  solut ion to which  0.1% e thanol  and 
0.01% NaHCO 3 were added  for dissolving lipids. 

Test  cells were r abb i t  neutrophi ls ,  guinea-pig  neutrophi ls ,  
r abb i t  macrophages  and guinea-pig eosinophils.  Tests  on 
lipids were made  only  wi th  r abb i t  neutrophi ls .  P repa ra -  
t ion of cell suspensions,  chemotax i s  chamber s  and  o the r  
detai ls  of me thodo logy  were as descr ibed previous ly  7. 
Posi t ive  controls  were immune  complex -ac t iva t ed  hea ted  
(30 min, 56~ r abb i t  serum (5% v/v) and casein (1% 
w/v) for r ab b i t  neutrophi ls ,  casein (1-0.1%) for r abb i t  
macrophages ,  d e x t r a n - a c t i v a t e d  hea t ed  pig se rum (10 
and 5%) for guinea-pig  eosinophils  and  the  l a t t e r  as well 
as casein (1% and 0.5% ) for guinea-pig  neutrophi ls .  
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Only  e x p e r i m e n t s  w i t h  100-500 g r anu l ocy t e s  pe r  field 
or 25-150 m a c r o p h a g e  s r e spec t ive ly  a n d  a w e a k  back -  
g r o u n d  (0-10 granu locy tes ,  0 -5  macrophages )  h a v e  been  
considered.  E a c h  s u b s t a n c e  was t e s t e d  a t  l eas t  twice  in 
dupl ica te .  
Results and discussion. As a f i r s t  approach ,  p ro t e in s  of 
k n o w n  s t r u c t u r e  a n d  ava i l ab le  a t  a h i g h  degree  of p u r i t y  
were tes ted .  I t  soon b e c a m e  e v i d e n t  t h a t  agen t s  o b t a i n e d  
f rom d i f fe ren t  sources,  a l t h o u g h  h i g h l y  pur i f ied ,  va r i ed  
cons ide rab ly  in t h e  a c t i v i t y  d isplayed.  Th i s  is docu-  
m e n t e d  w i t h  t he  example  of m y o g l o b i n  in t he  figure.  
Myoglob in  (Serva) was, w i t h  t h e  excep t ion  of t he  h ighes t  
c o n c e n t r a t i o n  tes ted ,  devo id  of c h e m o t a c t i c  a c t i v i t y  
whereas  t h e  same a g e n t  o b t a i n e d  f rom S igma  was repro-  
duc ib ly  as ac t ive  as s t rong  pos i t ive  cont ro l s  a n d  showed 
a dose response  cu rve  t yp i ca l  for  c h e m o t a c t i c  factors.  
No difference b e t w e e n  t he  2 p r o d u c t s  was  de t ec t ed  b y  
d i f fe ren t ia l  s p e c t r o p h o t o m e t r y .  P r e s u m a b l y ,  t h i s  a c t i v i t y  
is a t t r i b u t a b l e  to  c o n t a m i n a t i o n  or  to  p a r t i a l  d e n a t u r a -  
t ion .  
Since t he  degree of p u r i t y  of commerc ia l ly  ava i l ab le  
p ro t e in s  is n o t  suff ic ient  for s t u d y i n g  t h e  r e l a t i on  be-  
tween  s t r u c t u r e  a n d  c h e m o t a c t i c  ac t iv i ty ,  s y n t h e t i c  pep-  
t ides  of k n o w n  s t r u c t u r e s  were t e s t ed :  Po lymer i zed  L- 
a spa r t i c  acid,  L-g lu tamic ,  L-h is t id ine ,  L-lysine,  sarcosine,  
L- ty ros ine ,  glycine, L-val ine ,  L - t r y p t o p h a n e ,  L-a lanine ,  
L-ser ine  a n d  D L - p h e n y l a l a n i n e .  More  over  t he  d ipep t ides  
g lycy l -L-hydroxypro l ine ,  g lycyl -L-pro l ine  a n d  t he  t r i -  
pep t ides  g lycyl -L-pro ly l -L-a lan ine ,  g lycy l -L-pro ly l -L-hy-  
d roxyp ro l i ne  and  L-proly l -g lycyl -g lyc ine  were eva lua ted .  
Also severa l  l ip ids  such  as p a l m i t y l - p a l m i t a t e  ester ,  D-  
p a n t h o t e n i c  acid, lyso lec i th ine  a n d  ceras ine  were  inves-  
t iga ted .  These  agen ts  were t e s t e d  over  a wide  r ange  of 
c o n c e n t r a t i o n  (10 -3 to  10 - l~ M in m o s t  ins tances) .  
All  these  subs t ances  were all  devo id  of c h e m o t a c t i c  ac t iv -  
i ty .  W i t h  t he  excep t ion  of poly-L- lys ine  u p  to  a concen t r a -  
t i on  of 10 -4 M, no  tox ic  effect  was no ted .  I t  was  the re fore  
concluded,  t h a t  none  of t he  c r i t e r i a  l i s ted  serve as chemo-  
t ax i s  r ecogn i t ion  signals.  
These  s tud ies  re fu te  a n  ear l ier  p roposa l  of Wi lk in son  4 
t h a t  n e u t r o p h i l s  recognize  r a n d o m  coil s t r u c t u r e s  since 
pep t i de s  w i t h  t h i s  c o n f o r m a t i o n  (e.g. poly- lys ine  a n d  
p o l y - g l u t a m i c  acid) are inac t ive .  W i l k i n s o n  a n d  M c K a y  6 
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Neutrophil chemotactic activity of 2 commercially available myo- 
globin preparations. Whereas myoglobin obtained from Sigma (--O, 
[2, A, V) is strongly chemotactic, a similar preparation from Serva, 
Heidelberg ( - - -  0, B, A, V), is only weakly chemotactie in the 
highest concentration. Identical signs refer to the same individual 
experiment. Similar results were obtained with human monocytes 
and rabbit maerophages as test cells and with other Sigma myo- 
globin preparations. 

h a v e  come to t he  same  conclusion.  O t h e r  s econda ry  
s t r u c t u r e s  such  as he l ica l  c o n f o r m a t i o n  or b e t a - s h e a t  
s t r u c t u r e  are equa l ly  ru led  ou t  as l euko tac t i c  s ignals  b y  
t he  p r e sen t  da ta .  
F r i m m e r  a n d  co-workers6,  s t r i ed  to  cor re la te  t h e  e x t e n t  
of t he  basic  c h a r a c t e r  of t h y m u s - d e r i v e d  bas ic  h i s tones  
w i t h  t h e i r  c h e m o t a c t i c  po tency .  I n  t h i s  s tudy ,  even  
s t rong ly  bas ic  pep t ides  such  as po ly -L-a rg in ine  a n d  poly- 
L- lys ine  were inac t ive .  Moreover ,  r ecogn i t ion  of a specific 
N - t e r m i n a l  or C- t e rmina l  a m i n o  acid can  be  excluded,  
since po ly -amino  acids  found  to  be  i n a c t i v e f o r  phago-  
cy tes  inc lude  those  w h i c h  ca r ry  t h e  same  a m i n o  acids in 
t he  N - t e r m i n a l  or C - t e r m i n a l  pos i t ion  as knovcn pep t id ic  
c y t o t a x i n s  (e.g. a rg in ine  in N - t e r m i n a l  pos i t ion  of hog  
C5a, ser ine in h u m a n  C3a, lys ine  in t he  C - t e r m i n a l  posi- 
t i on  of hog  and  h u m a n  a n a p h y l a t o x i n  I I  a n d  a rg in ine  in 
h u m a n  C3a~  
I t  is k n o w n  t h a t  low molecu la r  we igh t  spl i t  p r o d u c t s  of 
col lagen are c h e m o t a c t i c  1~. Due  to  t h e  pecu l i a r i t y  of i ts  
s t ruc tu re ,  i t  was  of i n t e r e s t  to  t e s t  o l igopept ides  of t he  
amino  acids glycine, prol ine,  h y d r o x y p r o l i n e  for  t h e i r  
c h e m o t a c t i c  ac t iv i ty .  The  o l igopept ides  wh ich  h a v e  been  
t e s t ed  over  a b r o a d  c o n c e n t r a t i o n  range  failed to  exe r t  
a n y  c h e m o t a c t i c  a c t i v i t y  for t h e  ceils t e s ted .  These  re- 
sui ts  sugges t  t h a t  p rope r t i e s  o t h e r  t h a n  a def ined pr i -  
m a r y  s t r u c t u r e  r e n d e r  col lagen spl i t  p r o d u c t s  chemo-  
tact ic .  The  fac t  t h a t  i nac t i ve  molecules  c an  acqui re  
c h e m o t a c t i c  p rope r t i e s  w i t h o u t  change  of t h e  p r i m a r y  
s t r u c t u r e  3, 0,13,14 co r robo ra t e s  t h i s  view. I t  is n o t e w o r t h y ,  
t h a t  in  a r ecen t  s t u d y  15 some o l igopept ides  were found  
to  be  c h e m o t a c t i c  a n d  chemok ine t i c  d e p e n d i n g  on  the  
c o n s t i t u e n t  amino  acids a n d  t h e i r  pos i t ion  in  a di- or 
t r ipep t ide .  However ,  i t  r ema ins  unc l ea r  w h e t h e r  o the r  
c y t o t a x i n s  are  recognized t h r o u g h  t he  same  receptors .  
Wi lk in son  and  M c K a y  3, e sugges ted  t h a t  t he  n u m b e r  of 
h y d r o p h o b i c  groups  exposed  a t  t he  ou t s ide  of a p ro te in  
molecule  is t he  p a r a m e t e r  to  w h i c h  c h e m o t a c t i c  proper -  
t ies  are  a t t r i b u t a b l e .  A l t h o u g h  unfo ld ing  of a n  inac t ive  
p recursor  molecule  cou ld  be r e l a t ed  to t h e  acqu i s i t ion  of 
c h e m o t a c t i c  p rope r t i e s  in  m a n y  casesl~, 1~,16-18 a n d  a n  
increase  in h y d r o p h o b i c i t y  n o r m a l l y  para l le ls  such  a n  
unfo ld ing  process,  i t  seems ques t i onab le  w h e t h e r  h y d r o -  
p h o b i c i t y  is d i r ec t ly  r e l a t ed  to  c h e m o t a c t i c  recogni t ion .  
Pep t ides  w i t h  n o n - p o l a r  res idues  only,  such  as poly-L-  
ty ros ine ,  po ly-L-va l ine ,  p o l y - D L - p h e n y l - a l a n i n e  p r o v e d  
to be  c h e m o t a c t i c a l l y  inac t ive .  I n  add i t ion ,  a few r an -  
d o m l y  chosen  l ipids were also inac t ive  for neu t roph i l s .  
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This,  however ,  does no t  i m p l y  t h a t  all l ipids are  devo id  
of e h e m o t a c t i c  ac t iv i ty ,  as Wi lk in son  and  col leagues re- 
p o r t e d  v e r y  r e c e n t l y  on  l ipids w i t h  weak  c h e m o a t t r a c t i v e  
p roper t i e s  in  low doses 19. 

19 P. c. Wilkinson, personal communication. 

The  p r e sen t  s t u d y  has  s h o w n  t h a t  t he  basis  of l euko tac t i c  
r ecogn i t ion  r ema ins  unclear .  I t  is e v i d e n t  t h a t  l eukocy tes  
do n o t  recognize c h e m o t a c t i c  pep t ides  b y  t he i r  p r i m a r y  
s t ruc tu re ,  a specific amino-ac id  a t  t he  N- or C . t e r m i n a l  
end, b y  a def ined s econda ry  s t r u c t u r e  or  b y  i ts  basic  or 
h y d r o p h o b i c  cha rac te r .  

Therm al  effects f rom degranulat ion of mastce l l s  in cutaneous  m a s t o c y t o s i s  

L. I-IELLGREN a n d  K. LARSSON 

Department o~ Dermatology, Sahlgrenska Sjukhuset, 
University o/ G6teborg (Sweden), 26 November 7975 

S-d13 415 GOleborg (Sweden)," and Lipid Chemistry Laboratory, 

Summary. Smal l  biopsies  of t he  skin  were t a k e n  f rom p a t i e n t s  w i t h  p a p u l o - c u t a n e o u s  mas tocytos i s .  The  m a s t  cell 
t u m o u r s  were t h e n  d e g r a n u l a t e d  w i t h  c o m p o u n d  48/80 (250 txg/ml in saline), and  w i t h  a Sorp t ion  mic roca lo r imete r ,  
r e la t ive ly  s t rong  e x o t h e r m i c  reac t ions  were measured ,  whereas  n o r m a l  skin  showed  on ly  1/10th t he  in tens i ty .  Di- 

�9 sod ium chromogl ica te  (1%) h a d  no i n h i b i t o r y  effect  on t h i s  t h e r m a l  react ion.  

The  a im of th i s  i n v e s t i g a t i o n  was to t r y  to  measure  
t h e r m a l  effects f rom t he  d e g r a n u l a t i o n  of mas tce l l s  in  
cu taneous  m a s t o c y t o m a ,  us ing  mic roca lo r ime te r s  which  
can  d e t e r m i n e  v e r y  smal l  h e a t  q u a n t i t i e s  (50 • 10 ~ to 
500 • 10 -a calories) a n d  follow t he  h e a t  changes  d u r i n g  
long periods of t ime.  

Ur t i c a r i a  p i g m e n t o s a  t u m o u r s  con ta in  a c c u m u l a t i o n s  
of mastcel ls ,  wh ich  can  easi ly be  d e g r a n u l a t e d  b y  com- 
p o u n d  48/80. The  mas tce l l  g ranu lae  con t a i n  a n u m b e r  of 
biological ly  ac t ive  subs tances ,  wh ich  could be  supposed  
to give rise to  t h e r m a l  effects w h e n  t h e y  are re leased b y  
d e g r a n u l a t i o n  and  al lowed to  ac t  on t he  s u r r o u n d i n g  
tissue. As deg ranu l a t i on  of mas tce l l s  is a c en t r a l  process  
in allergic react ions ,  for example  in the  skin, i t  m i g h t  be of 
g rea t  i m p o r t a n c e  if i t  is possible to  measure  t h e r m a l  
effects f rom the  mas tce l l  degranu la t ion ,  as in  v i t ro  t es t s  of 
allergic reac t ions  on  skin  biopsies m i g h t  be an  appl ica t ion .  

In  order  to  s t u d y  t he  t h e r m a l  effects f rom degranu la -  
t ion  of mastce l ls  in u r t i ca r i a  p i g m e n t o s a  t u m o u r s  of the  
skin, we took  peas ized biopsies f rom p a t i e n t s  suffer ing f rom 
p a p u l o c u t a n e o u s  mas tocy tos i s .  The  diagnosis  was  ver i f ied  
h i s topa thologica l ly .  Cont ro l  biopsies  compr iz ing  epider-  
mis, cor ium and  subcu t i s  of t he  same size a n d  w e i g h t  as 
those  f rom the  mas tce l l  t umours ,  were t a k e n  f rom h e a l t h y  
persons  or f rom h e a l t h y  skin in t he  p a t i e n t s  w i t h  mas to -  
cy toma .  The  pieces were a t  once p u t  in saline. For  deg- 
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r a n u l a t i o n  of t he  mas tce l l s  we used c o m p o u n d  48/80 in 
the  c o n c e n t r a t i o n  of 250 ~,g/ml saline. W e  also inves t i -  
ga ted  if i t  was possible  to  i n h i b i t  c o m p o u n d  48/80 w i th  
d i - sodium chromogl i ca t e  (DSCG) so lu t ion  (1%).  

The  L K B  Sorp t ion  Microca lor imete r  was used and  t he  
t issue pieces were w i t h i n  2-3 h p laced  in t he  mic roco lumn  
and  sal ine and  c o m p o u n d  48/80 solut ion c o n t i n u o u s l y  
p u m p e d  in a d o w n w a r d  flow t h r o u g h  the  cell w i t h  a flow 
ra te  of 20 ml/h .  We  also used a B a t c h  Microca lor imete r  
for some tr ials .  

The  resu l t s  of t he  So rp t i on  Mic roca lo r ime t ry  measure -  
m e n t s  are shown  in t he  Figure.  W h e n  t he  mas tce l l s  t u m o u r  
f rom 6 d i f fe ren t  p a t i e n t s  was  exposed to c o m p o u n d  48/80, 
r e la t ive ly  s t rong  e x o t h e r m i c  r eac t ion  was achieved.  Tile 
reac t ion  g radua l ly  r e t u r n e d  to t he  basel ine  a f t e r  25 min.  
W h e n  h e a l t h y  skin  f rom the  same p a t i e n t s  was  exposed to 
c o m p o u n d  48/80 the re  was a s l ight  exo the rmic  r eac t ion  
las t ing  for a b o u t  20 min.  H i s topa tho log ica l  i nves t iga t ions  
of t he  mas tce l l s  t u m o u r s  before and  a f te r  t he  t es t s  showed 
t h a t  t h e y  were t o t a l l y  d e g r a n u l a t e d  b y  exposure  to  com- 
p o u n d  48/80 in t he  mic roco lumn.  I nves t i ga t i ons  on  the  
d i lu t ion  effect  w h e n  0 .25% 48/80 in sal ine so lu t ion  was 
mixed  w i t h  saline, showed  t h a t  no d i lu t ion  effects  occur red  
in t he  So rp t ion  Microcalor imeter .  

P re -expos i t ion  of t he  t i ssue  w i t h  t he  i nh ib i t i on  d i sodium-  
c romogl ica te  1% in sal ine did  not ,  in these  tr ials ,  i nh ib i t  
t he  e x o t h e r m i c  r eac t ion  el ici ted b y  c o m p o u n d  48/80 solu- 
t ion  on  m a s t o c y t o m a  as m i g h t  be expec ted  w i t h  48/80 as 
d e g r a n u l a t i n g  subs tance .  

Our  resul t s  t h u s  show, t h a t  e x o t h e r m i c  effects can  be  
measu red  f rom skin mas tce l l s  t u m o u r s  w h e n  t h e y  are 
degranu la ted .  Also n o r m a l  skin, in which  mas tce l l s  were 
exposed to  48/80, p roduced  h e a t  wh ich  was a b o u t  1/1 o t h  
of t he  i n t e n s i t y  f rom t h a t  of t he  mas tce l l  t u m o u r  deg ranu-  
l a t ion  (Figure).  E x o t h e r m i c  reac t ions  h a v e  been  r epo r t ed  
us ing  t he  B a t c h  Mic roca lo r ime te r  w h e n  h i s t a m i n e  is 
released f rom r a t  pe r i t onea l  mastce l ls  sens i t ized  w i t h  
i m m u n g l o b u l i n  E 1. The  d i lu t ion  effects of 48/80 in t he  
B a t c h  Microca lo r imete r  are h o w e v e r  so s t rong  t h a t  t h e y  
mask  o the r  t h e r m a l  effects a n d  can  easily be  m i s t a k e n  for 
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Sorption Microcalorimeter thermogram fronl 6 masteell tumours 
(a), and 6 healthy skin pieces (b) exposed to compound 48/80 0.25% 
in saline. Temperature 37 ~ Flow rate 20 ml#nin - downward flow. 
Equilibrimn time: 6 h. Median and range of the values are indicated 
in the curves. 

i BRIJGES, 1972, quoted by R. M. SITDALL. Conference on Tech- 
niques of Mierocalorimetrie Investigations on Cellular Systems 
with Special Reference to the Clinical Field. Chemical Center, 
Lurid University, Lund, Sweden, July 9-11, 1973. 


