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thyro id i t i s .  Somet imes  we found  in mice  and  ra t s  w i t h  
th i s  disease a sp read ing  of t he  l y m p h o c y t e s  f rom the  
a b e r r a n t  t h y m u s  t i ssue  in to  a d j a c e n t  t h y r o i d  t issue, b u t  
th i s  m a y  well  b e  a n  ar t i fac t .  

The  t h y m i c  t issue in t he  t h y r o i d  g land  ref lects  the  close 
embryo log ica l  evOlution of these  2 glands.  T he  a b e r r a n t  
t h y m u s  t i ssue  does no t  seem to  be  der ived  f rom t h e  
thy ro id .  I t  looks qu i te  n o r m a l  and  we h a v e  no  reason  to  
be l ieve  t h a t  t he  a b e r r a n t  t h y m u s  t issue in t he  t h y r o i d  is 
no t  func t ion ing .  I t  was shown  t h a t  a b e r r a n t  p a r a t h y r o i d  

- t i s s u e  in t he  neck  a n d  t h y m u s  in r a t s  is n o r m a l l y  func- 
t i on ing  and  can  exp la in  w h y  m a n y  p a r a t h y r o i d e c t o m i z e d  
r a t s  do no t  deve lop  h y p o c a l c e m i a  v. Therefore ,  h is tological  
e x a m i n a t i o n  of t he  t h y r o i d  a rea  is i m p o r t a n t  in all  t h y m -  
ec tomized  animals ,  in order  to  exclude  t h e  poss ib i l i ty  of 
a d d i t i o n a l  t h y m u s  t issue s. 

Rdsumd. Dans  di f fdrentes  l ign6es de souris  e t  de rats ,  on  
a s o u v e n t  t rouv6  du  t issu  t h y m i q u e  d ' a s p e c t  n o r m a l  au  
vo is inage  ou dans  la t h y r o i d e  m4me.  Les a n i m a u x  t h y m -  

ec tomis6s  d o i v e n t  8tre  examin6s  p o u r  contr61er la pr6- 
sence d ' u n  t i ssu  t h y m i q u e  a b e r r a n t .  
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-Isoantigenic Marker in Phytohemagglut inin-Responding Mouse Blood Lymphocytes  

Studies  based  on  t h y m e c t o m y  a n d / o r  b u r s e c t o m y l ,  ~ 
and  on  t h y m u s / b o n e  m a r r o w  g ra f t i ng  in karyologica l ly  
d i s t i ngu i shab le  syngene ic  s t r a i n  c o m b i n a t i o n s  8-5 ind ica te  
t h a t  t h e  p ro l i f e ra t ive  response  induced  in v i t ro  b y  p h y t o -  
h e m a g g l u t i n i n  (PHA) a n d  some o the r  mi togen ic  agen ts  
is u n d e r  t h y m i c  control ,  a n d  t h a t  the  cells p a r t i c i p a t i n g  
in t he  response  are  p r e d o m i n a n t l y  T - ( t h y m u s  dependen t )  
l ymphocy te s .  The  i n t r o d u c t i o n  of the  ~ - i s o a n t i g e n  6, as 
a m a r k e r  for t h y m u s - d e p e n d e n t  l y m p h o c y t e  in  mouse  7, 8, 
has  m a d e  i t  possible  to  ana lyze  t he  p a r t i c i p a t i o n  of T-cells. 
in i m m u n e  responses  b y  us ing  a n  a l t e r n a t i v e  e x p e r i m e n t a l  
design.  In  th i s  c o m m u n i c a t i o n  we wish  to r e p o r t  t h a t  
dep le t ion  of N -bear ing  cells f rom mouse  b lood l y m p h o c y t e  
p o p u l a t i o n  abol i shes  t he  PHA-response ,  a n d  t h a t  all  b u t  
a m i n o r  f r ac t ion  of t h e  b l a s t  cells t r a n s f o r m e d  b y  P H A  in 
cu l tu re  c o n t a i n  t he  ~ - a n t i g e n  on  the i r  surface. 

Materials and methods. Blood  was col lected f rom a d u l t  
ma le  CBA/TsT  ~ mice, w h i c h  rece ived  i n t r a v e n o u s l y  
0.15 m l  of 1 : 3 d i l u t ed  B. pertussis cu l tu re  e lua te  3 days  
pr io r  to  t he  bleeding.  The  per tuss i s  t r e a t m e n t ,  wh ich  was 
done  to  increase  t he  cell y ie ld  9, 10, s l ight ly  decreased  t he  
n u m b e r  of ~ - p o s i t i v e  cells in  t h e  b lood (Table  I). Opt i -  
m u m  cond i t ions  for cu l tu re  h a v e  been  descr ibed  before l~  
B l a s t  cel l  coun t s  and  u p t a k e  of 3 H - t h y m i d i n e  (New 
E n g l a n d  Nuclear  Corpora t ion ,  Bos ton ,  Mass, - Sp. act.  
6.7 mCi/mNI)  were used for t he  e v a l u a t i o n  of t he  response  1~ 
~ - i s o a n t i s e r u m  was p roduced  in A K R / J a x  mice b y  5 
weekly  in jec t ions  of C B A / J a x  t h y m u s  cells as descr ibed 
b y  RAFF 7,12. F re sh  h a m s t e r  a n d  gu inea-p ig  sera were used 
as sources  of c o m p l e m e n t  1~. T he  cy to tox ic  t i t e r  of t he  
a n t i s e r u m  aga in s t  C B A / T , T  6 and  C 3 H / H e J  t h y m u s  cells 
was  1 :64-128 .  N o r m a l  A K R / J a x  se rum was used as 
control .  The  c y t o t o x i c i t y  t e s t s  were pe r fo rmed  accord ing  
to RAFF ~ a t  1 :2  and  1 :4  d i lu t ions  of a n t i s e r u m  us ing  2 
d i f fe ren t  m e t h o d s :  b y  t he  t r y p a n  blue  dye  exclusion t e s t  
w i t h  pur i f i ed  l y m p h o c y t e s  popu la t ions ,  or b y  p r epa r ing  
cell smears  a f t e r  t r e a t m e n t  w i t h  a n t i s e r u m  and  comple-  
m e n t  us ing  a S h a n d o n  cy tocen t r i fuge  ( S h a n d o n  Scient if ic  
Co. Ltd . ,  L o n d o n  N W  10)z3. The  l a t t e r  of t he  2 m e t h o d s  
also p e r m i t t e d  morpholog ica l  e x a m i n a t i o n  of su rv iv ing  
cells. I n  cases where  l y m p h o c y t e s  were cu l tu red  a f te r  t he  
a n t i s e r u m  a n d  c o m p l e m e n t  t r e a t m e n t ,  t he  sera  were 
s ter i l ized b y  Mill ipore f i l t r a t ion  (Millipore F i l t e r  Corpora-  
t ion,  Medford,  Mass. - pore  size 0.22 ~m), a n d  t he  cell 
dens i t i es  were r ead jus t ed  p r io r  to  cul ture .  

Results and discussion. The  e l im ina t i on  of ~ - b e a r i n g  
cells p r io r  to  t he  cu l tu re  nea r ly  comple t e ly  abol i shed  the  
P H A - r e s p o n s e  (Table  II) .  These  cul tures ,  when  h a r v e s t e d  
on  t h e  3rd day,  c o n t a i n e d  p r i m a r i l y  sma l l  l ymphocy tes ,  
u sua l ly  i n  aggrega tes  a r o u n d  macrophages ,  some eosino- 
phi l ic  g ranu locy tes  a n d  few degene ra t i ng  cells w i th  
d i s t o r t ed  m o r p h o l o g y  (Figure).  The  occas ional  b l a s t  cells 
seen in  these  cu l tu res  were w i t h i n  t h e  aggregates  and  

Table I. Cytotoxic  effect of an t i -~  and complement  on mouse  blood 
lymphocy tes  before and  af ter  B. Pertussis t r e a t m e n t  

T r e a t m e n t  Dead cells (%) 
Blood Blood Thymus  
lymphocy tes  lymphocy tes  cells 
(no pertussis) (pertussis) 

None 2 6 9 
An t i -~  + C' 78 70 94 
A K R  serum + C' 5 4 8 

~Target  cell popula t ion  purif ied from red cells and  granulocytes  by 
NH4C1 lysis and  short  t e rm incuba t ion  on plast ic.  Ant i se rum di lut ion 
1:4. T r y p a n  blue (0.1%) dye  exclusion test.  
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n e a r l y  a l l  of  t h e m  s h o w e d  a s o m e w h a t  d i f f e r e n t  m o r p h o -  
l o g y  w i t h  a c o a r s e r  n u c l e u s  a n d  less  b a s o p h i l i c  c y t o p l a s m  
as  c o m p a r e d  t o  t h e  b l a s t s  s e e n  o r d i n a r i l y  a f t e r  P H A -  
r e s p o n s e .  

W h e n  o r d i n a r y  P H A  s t i m u l a t e d  c u l t u r e s  we re  h a r v e s t e d  
o n  t h e  3rd  d a y ,  a n d  t h e  cel ls  t r e a t e d  w i t h  an t i - ; ~  a n d  
c o m p l e m e n t ,  m o s t  of  t h e  b l a s t  ce l ls  a n d  t h e  m a j o r i t y  of  
t h e  l y m p h o c y t e s  w e r e  lysed ,  w h e r e a s  m a c r o p h a g e s  a n d  
e o s i n o p h i l s  we re  r e m a r k a b l y  r e s i s t a n t  t o  l y s i s  ( T a b l e  I I I ,  
F i g u r e ) .  T h e r e  was ,  h o w e v e r ,  in  e v e r y  e x p e r i m e n t ,  a 
s m a l l  b u t  a c o n s t a n t  n u m b e r  of  b l a s t  cel ls ,  r a n g i n g  f r o m  
4 - 6 %  of  t h e  t o t a l  n u m b e r  of  b l a s t s ,  w h i c h  w e r e  n o t  l y s e d  
b y  t h e  t r e a t m e n t .  

S ince  a f r a c t i o n  o f  b l a s t  ce l ls  in  P H A - s t i m u l a t e d  
c u l t u r e s  w e r e  s e e m i n g l y  r e s i s t a n t  t o  l y s i s  b y  ; ~ - a n t i s e r u m  
a n d  c o m p l e m e n t ,  3 p o s s i b i l i t i e s  c o n c e r n i n g  t h e  n a t u r e  of  
t h e s e  cei ls  we re  a v a i l a b l e :  t h a t  t h e s e  cel ls  w e r e  B - b l a s t s  

Table II. PHA-response after elimination of ~-bearing cells prior to 
culture 

Treatment  Evaluation of PHA PHA 
response ~ present absent 

None' Blasts (%) 75.1 4.3 
Labelled cells (%) 37.8 3.6 
epm/culture 7990 210 

Anti-~ + C' Blasts (%) 2.8 1.0 
Labelled cells (%) 2.3 1.0 
cpm/culture 180 45 

AKR-serum + C" Blasts (%) 71.4 4.2 
Labelled cells 38.8 3.0 
cpm/culture 7550 190 

�9 Evaluation of the response at 3rd day in culture. Blast cell counts 
performed from May-Grfinewald-Giemsa stained smears. Values re- 
present the mean of triplicate determinations. For technical details, 
see ref. 13. 

Table III. Effect of anti-o and complement on PHA stimulated 
mouse blood cells at 3rd day in culture 

Treatment  Viable cells (%) ,  Dead 
cells % 

Blasts Lympho- Eosino- Macro- Unclas- 
cytes phils phages sifted 

None 66.5 12.5 1.0 2.5 0.5 17.0 
PBS + C' 56.5 14.5 3.5 6.0 0.5 18.0 
Anti-~ + C' 2.5 2.5 4.5 12.0 4.0 74.5 
AKR- 
serum + C' 55.5 11.5 4.0 7.0 2.5 19.5 

~Cell counts made from May-Griinewald-Giemsa stained smears. 
PBS = phosphate buffered saline. 

( b l a s t s  d e r i v i n g  f r o m  n o n - t h y m u s  p r o c e s s e d  l y m p h o c y t e s )  
r e s p o n d i n g  b y  a n t i b o d y  f o r m a t i o n  a g a i n s t  s o m e  a n t i g e n i c  
s u b s t a n c e s  in  t h e  c u l t u r e  m e d i u m  ; t h a t  t h e  r e s i s t a n t  b l a s t s  
we re  n o t  l y m p h o i d  cel ls  b u t  m a y b e  m y e l o i d  in  t h e i r  
o r ig in ;  o r  t h a t  t h e s e  b l a s t s  w e r e  T - b l a s t s  p o s s e s s i n g  t oo  
few a n t i g e n i c  d e t e r m i n a n t s  o n  t h e i r  s u r f a c e  to  be  ly sed .  
D i r e c t  i m m u n o f l u o r e s c e n e e  w i t h  F I T C - c o n i u g a t e d  g o a t -  
a n t i m o u s e - I g  ( H y l a n d  L a b o r a t o r i e s ,  L o s  A n g e l e s ,  Calif.)  14 
of  s m e a r s  f i x e d  in  9 6 %  e t h a n o l  fa i led  t o  d e m o n s t r a t e  
i m m u n o g l o b u l i n  w i t h i n  t h e i r  c y t o p l a s m ,  a l t h o u g h  p a r a l -  
le l ly  s t a i n e d  f r e s h l y  p r e p a r e d  m o u s e  s p l e e n  cel l  s u s p e n s i o n s  
c o n t a i n e d  b r i g h t l y  p o s i t i v e  cells .  S t a i n i n g s  for  n a p h t o l -  
A S - D - c h l o r a c e t a t e  e s t e r a s e  15 a n d  w i t h  S u d a n  b l a c k  B 1~, 
k n o w n  to  be  r e l a t i v e l y  spec i f i c  to  t h e  m y e l o i d  se r ies  of  
cells,  w e r e  n e g a t i v e  i n t h e  r e s i s t a n t  b l a s t s  b u t  p o s i t i v e  in  
m y e l o i d  cel ls  of  p a r a l l e l l y  s t a i n e d  m o u s e  b o n e  m a r r o w  
i m p r i n t s .  I n  t h e  a b s e n c e  of  a n y  d i r e c t  p roo f ,  t h e  l a s t  of  t h e  
pos s ib i l i t i e s ,  h o w e v e r ,  s e e m e d  to  t h e  m o s t  f ea s ib l e  t o  
a c c e p t .  T h i s  is b e c a u s e  t h e  a m o u n t  of  ~ - a n t i g e n  on  p e r i -  
p h e r a l  l y m p h o c y t e  s u r f a c e  a p p a r e n t l y  v a r i e s  f r o m  cell  to  
celll~,18, a n d  i t  is f u r t h e r  k n o w n  t h a t  t h e  e x p r e s s i o n  of  

Effect of ~-ant iserum and complement on PHA-response: A) Nor- 
real response. B) Effect of t reatment  at day 0; blast transformation 
is inhibited. C) Effect on day 3, the majority of blasts and small 
lymphocytes are lysed; 1 surviving lymphocyte and 1 macrophage 
present in the field. 
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Med. 130, 969 (1969). 
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h i s tocompa t ib i l i ty  ant igens  on cell surface is ex t r eme ly  
variable wi th in  a rap id ly  d ividing cell popula t ion  19, 20 as 
the  P H A - i n d u c e d  blas t  popula t ion  is a t  the  peak  of the  
response.  

Note added in proofi Since th is  manusc r ip t  was sub- 
m i t t ed  for publ ica t ion,  J .  J. T. QWEN, P. HUNTER and  
M. C. RAFF (Transp lan ta t ion  12, 231 ( 1971) ) have  repor ted  

t h a t  the  ~ - a n t i g e n  is p resen t  in m o s t  b las t  cells resul t ing 
f rom s t imula t ion  wi th  P H A  in diffusion chambers  in vivo. 

Zusammen[assung. L y m p h o z y t e n ,  die in vi t ro  auf das 
Phytoh/~magglut in in  reagieren,  t ragen  den ;~ - isoant igenen 
Markierer  auf  ihrer  Oberfl~che. Die Abk6mml inge  dieser  
Zellen s ind zum al lergrSssten Tell ebenfal ls  ~-pos i t iv .  

g .  ANDERSSON a n d  P .  HAYRY 21 

19 B. BJARING, G. KLEIN and I. PoPP, Transplantation 8, 38 (1969). 
20 M. CIKES, Nature 225, 645 (1970). 
21 The authors thank Dr. C. WASASTIERNA for performing the 

cytochemical stainings and Mrs. HtLKKA SOKURA for technical 
assistance. The work has been sided by grants from the National 
Research Council for Medical Sciences and from the Sigrid Jus61ius 
Foundation, Helsinki, Finland. 

Laboratory o/ Immunobiology, 
3rd Department of Pathology, University o/Helsinki, 
SF-00290 Helsinki 29, and 
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'Halo  F o r m a t i o n '  as a Charac ter i s t i c  of the In terac t ion  B e t w e e n  R a g w e e d  Pol len  and Sa l iva  

For  the  p r i m a r y  purpose  of discerning differences  in 
the  hand l ing  or t r e a t m e n t  of ragweed pol len be tw een  
normal  and allergic individuals ,  I in i t i a ted  a s t u d y  of t he  
in te rac t ion  be tween  ragweed pol len and  body  cons t i tuen t s  
(fluids or tissues). 

Ini t ial ly,  I chose to use sal iva f rom bo th  allergic and 
nonallergic individuals  in our inves t iga t ions  because 
saliva is the  only  secre tory  fluid t h a t  could be inter-  
ac t ing wi th  a i rborne  pollen and t h a t  could be ob ta ined  in 
large q u a n t i t y  w i thou t  s t imula t ion .  

Saliva was  collected w i thou t  s t imula t ion  in a beaker  
t h a t  was  im m er sed  in ice and  water ,  cent r i fuged cold, and 
s tored a t  0~ b u t  not  frozen. The sal iva donors  cons is ted  
of 6 individuals  who were allergic to  the  pollen and  of 21 
individuals  who were not  allergic to the  pollen. No donor  
was showing allergic mani fes ta t ions  a t  the  t ime  of the  
saliva collections. Ev idence  of allergy consis ted of clinical 
h i s tory  of ragweed poll inosis and h i s to ry  of a posi t ive  skin 
test .  - 

The ragweed pol len (Ambrosia trifida) was col lected 
f rom cut  p lan t s  b y  al lowing i t  to  fall  on to  a tumin ium foil. 

The  pollen was left un t r ea t ed  and was  s tored in a v acu u m 
dess ica tor  to  keep i t  d ry  and  to  avoid air oxidat ion.  

In  order  to  s t u d y  any  possible in te rac t ions  be tween  the  
pollen and  the  saliva, a d rop  of sal iva was  mixed  wi th  
abou t  20 txg of fresh, ma tu re  ragweed pollen (about  
800-1000 grains) on a glass slide; a coversl ip was added  
and  sealed on wi th  P e r m o u n t  | The slides were then  
incuba ted  at  room t e m p e r a t u r e  for 3-14 days.  These 
incuba t ions  were p repa red  wi th  t he  6 allergic and the  
21 nonallergic sal iva samples.  As control  media,  we used 
dist i l led water ,  saline, and  isotonic po ta s s ium chloride 
solut ion in place of the  saliva. The incuba t ion  slides were 
examined  i n t e r m i t t e n t l y  unde r  t he  microscope.  

There  were visible even t s  c o m m o n  to all media.  How-  
ever, some of the  pol len grains in the  allergic saliva 
d e m o n s t r a t e d  a change  t h a t  was mani fes ted  in the  form 
of a halo of white,  mat- l ike  appearance  a round  the  pollen 
grain (Figure). Halos  have  been seen to  grow in d iamete r  
as t h o u g h  emana t ing  f rom the  grain. If  the  slide is not  
d is turbed,  the  halo  will  remain  ; if cu r ren t s  are  developed,  
i t  washes  away.  The earl iest  appea rance  of halo  format ion  
has  been  no ted  a t  18 h, b u t  usually halos develop a t  abou t  
24 h af ter  the  onset  of incubat ion .  

In  57 cul tures  of pollen and nonallergic sal iva f rom 21 
nonallergic individuals ,  only one cul ture  showed any  
indica t ion  of the  presence  of halos;  whereas  halos were 
seen in 24 out  of 29 cul tures  of pollen and allergic saliva 
f rom the  6 allergic individuals .  Of t he  5 negat ive  results,  
2 were ob ta ined  wi th  the  sal iva of an indiv idual  who was  
on medica t ion  at  t he  t ime  of sal iva collection. Usually,  if 
one halo is seen on a slide, more  can be found  by  careful 
examina t ion  of t he  slide. The incidence of halos on a 
slide has varied f rom several  up to  30%. 

Zusammen[assung. W e n n  Pollen yon Ambrosia tri[ida 
mit  dem Speichel  yon  m i t  Allergie be la s t e t en  Personen  
zusammen  kul t iv ier t  wird,  so en t s t eh t  um die Pol lenk6rner  
ein Hof  (~halo ~>), was in Kul tu ren  von  n ich t  al lergischen 
Per sonen  n ich t  der  Fal l  ist. 
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