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Graft Versus Host  Activity of Bone Marrow Lymphocytes  

Large  n u m b e r s  of s m a l l  l y m p h o c y t e s  are  p r e s e n t  in  
t h e  bone  m a r r o w  p a r e n c h y m a  of l a b o r a t o r y  m a m m a l s  
b u t  t h e i r  f u n c t i o n a l  p o t e n t i a l  r e m a i n s  u n c e r t a i n  ~. Some 
l y m p h o c y t e s  s e p a r a t e d  f r o m  t he  b o n e  m a r r o w  of Lewis  
s t r a i n  r a t s  h a v e  r e c e n t l y  b e e n  s h o w n  to  t r a n s f o r m  in to  
p ro l i f e r a t i ng  b l a s t - l i ke  ceils w h e n  c u l t u r e d  in v i t r o  w i t h  
F 1 (Lewis a n d  Brown ,  Norway)  h y b r i d  r a t  l y m p h o c y t e s  2. 
I n  such  a m i x e d  l y m p h o c y t e  cu l t u r e  t he  b l a s togen ic  
r e sponse  is conf ined  to  t h e  p a r e n t a l  s t r a i n  s m a l l  l y m p h o -  
cy tes  a n d  is genera l ly  r ega rded  as  a n  i m m u n e  r e a c t i o n  
t o  t h e  fore ign a n t i g e n s  of t h e  F 1 h y b r i d  cells  3. However ,  
t h e r e  h a s  b e e n  no  d i r ec t  ev idence  t h a t  m a r r o w  l y m p h o -  
cy tes  c an  p a r t i c i p a t e  in  i m m u n e  r eac t i ons  a g a i n s t  a l lo-  
geneic  cells in  vivo.  Therefore ,  in  t h e  p r e s e n t  s tud ies  t h e  
r e spons iveness  of r a t  m a r r o w  l y m p h o c y t e s  to  a l logeneie  
cells in  v ivo  was t e s t e d  b y  t h e i r  ab i l i t y  to  induce  a g r a f t  
ve rsus  h o s t  (GVH) reac t ion .  T he  e x p e r i m e n t s  used  a 
l y m p h  .node w e i g h t  m e t h o d  to  assess G V H  ac t iv i ty~ ,  5 
t o g e t h e r  w i t h  a f r a c t i o n a t i o n  t e c h n i q u e  p r e v i o u s l y  devel -  
oped  to  s e p a r a t e  h i g h  c o n c e n t r a t i o n s  of l y m p h o c y t e s  
f rom m a r r o w  cell  suspens ions  G, 7. 

The  G V H  as say  s y s t e m  was  s t a n d a r d i z e d  us ing  cell  
suspens ions  of recognized  G V t t  a c t i v i t y .  Doses  of 40 × 10 ~ 
sp leen  cells f r om 3 - 5 - m o n t h - o l d  ma le  Lewis  r a t s  were  
i n j ec t ed  i n to  t h e  h i n d  f o o t p a d s  of 2 - 3 - m o n t h - o l d  ma le  Fx 
(Lewis a n d  Brown,  Norway)  h y b r i d  r a t s  a cco rd ing  to  t h e  
t e c h n i q u e  of LEVlNE4. I n  g roups  of F ,  h y b r i d s  t a k e n  a t  
close i n t e r v a l s  t h e r e a f t e r  t h e  w e i g h t  of t h e  pop l i t e a l  
l y m p h  nodes  d r a i n i n g  t h e  i n j ec t i on  sites,  i n i t i a l l y  6.3-t-  
0.3 mg, inc reased  e x p o n e n t i a l l y  for  6 days ,  p t a t e a u e d  
(190-210 mg)  a t  8 -12  d a y s  a n d  t h e n  dec l ined .  Thus ,  
t h e r e  was  a n  a p p r o x i m a t e l y  30-fold inc rease  in  p o p l i t e a l  
node  w e i g h t  b y  t h e  8 th  day .  La rge  d i v i d i n g  basoph i l i c  
cells a p p e a r e d  in  these  l y m p h  nodes  in  inc reas ing  n u m b e r s  
f r o m  2 d a y s  onwards .  Pe lv ic  a n d  l u m b a r  nodes  s h o w e d  
w e i g h t  increases  t h a t  were  s m a l l e r  a n d  more  v a r i a b l e  
t h a n  t hose  of t h e  pop l i t e a l  nodes ,  wh i l e  c o n t r a l a t e r a l  
p o p l i t e a l  nodes  d r a i n i n g  t h e  u n i n j e c t e d  fee t  r e m a i n e d  
u n c h a n g e d .  F r o m  these  e x p e r i m e n t s  t h e  p o p l i t e a l  node  
w e i g h t  8 days  a f t e r  f o o t p a d  i n o c u l a t i o n  was  chosen  as  
t h e  o p t i m u m  as say  sys tem.  

P o p l i t e a l  nodes  showed  e i t h e r  no  c h a n g e  or  o n l y  
m i n i m a l  w e i g h t  increase  8 days  a f t e r  t h e  i nocu l a t i on  of 
1. h e a t - i n a c t i v a t e d  spleen ceils, l ive r  cells or  e r y t h r o c y t e s  
f rom Lewis  r a t s  i n to  F t h y b r i d  rec ip ien ts ,  or  2. 20 x 106 
to 200 × 106 sp leen  cells f r om Lewis  r a t s  i n to  syngene ic  
Lewis  r ec ip i en t s  (Table) .  L y m p h  node  e n l a r g e m e n t  
occur red  on ly  w h e n  v i a b l e  l y m p h o i d  cells of t h e  p a r e n t a l  
s t r a i n  were  i n j ec t ed  i n to  F 1 h y b r i d  hos ts ,  i.e. t h e  enlarge-  
m e n t  was  d e p e n d e n t  u p o n  G V H  a c t i v i t y  of t h e  p a r e n t a l  
s t r a i n  l y m p h o c y t e s .  

The  w e i g h t  of  t h e  pop l i t ea l  l y m p h  node  was  found  to  
be  a s ens i t i ve  a n d  h i g h l y  r ep r oduc i b l e  p a r a m e t e r  of 
local ized G V H  a c t i v i t y  in t he  r a t .  T h e  t a b l e  c o m p a r e s  
t h e  ef f icacy  of severa l  Lewis  r a t  cel l  su spens ions  in  
i n d u c i n g  p o p l i t e a l  n o d e  e n l a r g e m e n t  w h e n  i n j e c t e d  i n to  
t h e  h i n d  f o o t p a d s  of F 1 (Lewis a n d  Brown ,  N o r w a y )  
h y b r i d  ra t s .  Doses  of 60 X 10 ~ to  200 x 10 ~ n u c l e a t e d  b o n e  
m a r r o w  cells, of w h i c h  a p p r o x i m a t e l y  20% were  sma l l  
l y m p h o c y t e s ,  p r o d u c e d  s ign i f i can t  p o p l i t e a l  node  en la rge-  
m e n t .  L y m p h o c y t e - r i c h  f r ac t i ons  s e p a r a t e d  f r o m  Lewis  
r a t  m a r r o w  suspens ions  b y  c e n t r i f u g a t i o n  in  sucrose-  
s e r u m  d e n s i t y  g r a d i e n t s  ~, 8, 7 showed  a g r ea t e r  ef fec t  t h a n  
whole  m a r r o w  on  l y m p h  node  we igh t  in doses  of 20 × 10 ~ 
to  60 × 10 s cells. Th i s  e n h a n c e m e n t ,  sugges t ing  a n  enr ich-  
m e n t  of cells c a p a b l e  of G V H  a c t i v i t y  in  l y m p h o c y t e -  
r i ch  m a r r o w  f rac t ions ,  c an  be  co r re l a t ed  w i t h  t h e  c o n t e n t  
of s m a l l  l y m p h o c y t e s .  T he  s l ow l y - s ed i m en t i ng  l y m p h o -  

cy te - r i ch  m a r r o w  f r ac t ions  used  in  t h e  p r e s e n t  exper i -  
m e n t s  cons i s ted  m a i n l y  of l y m p h o i d  cells (83.6 4 -2 .9%)  
of w h i c h  more  t h a n  80% were  sma l l  l y m p h o c y t e s .  The  
m a i n  c o n t a m i n a n t s  were  r e l a t i ve ly  m a t u r e  g ranu locy te s  
a n d  l a t e  e r y t h r o b l a s t s .  L y m p h o c y t e - r i c h  m a r r o w  frac-  
t i ons  were  c o n s i d e r a b l y  m o r e  e f fec t ive  t h a n  t h y m u s  cell 
suspens ions  in p r o d u c i n g  p o p l i t e a l  node  e n l a r g e m e n t  
(Table) .  

The l y m p h  n o d e  e n l a r g e m e n t  o b t a i n e d  w i t h  l y m p h o -  
cy t e - r i ch  m a r r o w  f r ac t i ons  cou ld  n o t  be  a t t r i b u t e d  to  
c i r cu la t ing  l y m p h o c y t e s  in  t h e  m a r r o w  blood.  I t  h a s  
b e e n  e s t i m a t e d  in  gu inea-p igs  t h a t  a p p r e c i a b l y  less t h a n  
one  in 2000 sma l l  l y m p h o c y t e s  in  m a r r o w  cell  su spens ions  
are  de r ived  f rom m a r r o w  b lood  2. A s s u m i n g  a s imi l a r  
v a l u e  in t h e  ra t ,  t i le  doses of 20 × 10 e l y m p h o c y t e - r i c h  
m a r r o w  f r a c t i o n  ceils used  in  t h e  p r e s e n t  e x p e r i m e n t s  
c o n t a i n e d  fewer  t h a n  0.007 × 10 ~ b lood  s m a l l  l y m p h o c y t e s ,  
ye t  t he  r e s u l t a n t  pop l i t ea l  node  e n l a r g e m e n t  was  s imi l a r  
to  t h a t  p r o d u c e d  b y  1 × 10 ~ b lood  l eucocy tes  ( con ta in ing  
a p p r o x i m a t e l y  0 . 7 × 1 0  ~ sma l l  l y m p h o c y t e s ) .  Doses  of 
0.1 × 10 e b lood  leucocytes  c o n s i s t e n t l y  fa i led  to  p roduce  
pop l i t e a l  node  e n l a r g e m e n t .  Since, in  add i t ion ,  t h e  d o n o r  
r a t s  were r o u t i n e l y  e x s a n g u i n a t e d  before  t h e  m a r r o w  
was  sampled ,  t h e  c o n t a m i n a t i n g  b lood  l y m p h o c y t e s  were 
c lea r ly  too  few to  a c c o u n t  for  t h e  effect  of l y m p h o c y t e -  
r i ch  m a r r o w  f r ac t ions  on  p o p l i t e a l  node  weight .  

Wet weight of popliteal lymph nodes of Lewis and F 1 (Lewis and 
Brown, Norway) hybrid rats 8 days after the footpad injection of 
cells from Lewis rats 

Recipient Donor Lewis cells b Recipient 
animals ~ Source Number popliteal 

lymph node 
weight (rag) o 

F 1 (Lewis and 
Brown, Norway) 
hybrid rats 

Lewis rats 

0 6.3 4- 0.3 
Spleen 5 × 10 s 35.6 4- 3.8 

40 × 10 G 188.0 4- 11.9 
Bone marrow 60 x 106 13.7 4- 0.6 

200× 106 37.8 4- 5.0 
Lymphocyte-rich 20 x l0 s 18.0 4-4- 2.6 

marrow fraction 60 × l0 s 51.3 4- 7.9 
Thymus 60 x 10 s 11.6 4-4- 1.9 

200 x 10 s 31.8 4-4- 2.8 
Blood leucocytes 1 × 10 s 18.5 4- 1.5 

10 × 10 s 108.2 4- 19.2 
Spleen 20 × l0 s 5.5 4- 0.2 

200 × l0 s 8.8'-I- 0.7 

Based on 27 popliteal lymph nodes from normal F 1 (Lewis and 
Brown, Norway) hybrid rats and groups of 3-11 determinations in 
either F x (Lewis and Brown, Norway) hybrid or Lewis rats given 
footpad injections of Lewis cells, b Cell suspensions in Hank's 
balanced salt solution were prepared from the spleen, bone marrow 
and thymus as described elsewhere 2. Blood leukocyte suspensions 
were obtained from heparinized cardiac blood following erytbroeyte 
sedimentation with 6% fibrinogen. * Mean 4- standard error. 

1 D. G. OS~O~D, Anat. Ree. 165, 109 (1969). 
2 D. G. OSmOND and Y. YOSmDA, in Proceedings of the Fourth 

Leucocyte Culture Conference {Ed. O. R. MCINTYRE; Appleton- 
Century Crofts, New York, (1971), p. 97. 

3 D. B. WILSON, J. exp. Med. 126, 625 (1967). 
4 S. LEVlNE, Transplantation 6, 799 (1968). 

W. L. FORD, W. BURR and M, SIMONSEN, Transplantation lO, 258 
(1970). 

6 D. G. OSMOND, Anat. Rec. 157, 295 (1967). 
7 D. G. OSMO~rD, Expl ttemat. 1el, 37 (1967). 
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The  resul ts  p rov ide  direct  evidence t h a t  cer ta in  paren-  
chymal  m a r r o w  lymphocy te s  can  produce  G V H  l y m p h  
node en largement .  I n  cu r ren t  exper iments  h igh ly  label led 
large b las t - l ike  cells h a v e  been  seen in rad ioau tographs  
of F 1 hybr id  popl i tea l  l y m p h  nodes 2-3 days  a f te r  the  
footpad inject ion of HS-uridine label led cells f rom lympho-  
cyte-r ich mar row fract ions of pa ren ta l  s t ra in  rats.  Some 
of the  mar row lymphocy te s  therefore  appear  to  be 
capable of b las togenic  t r ans fo rmat ion  in response to 
h i s tocompat ib i l i ty  an t igens  in r i v e  as well as in vi t ro .  

The  grea t  m a j o r i t y  of smal l  l ymphocy te s  in t he  bone 
marrow of ra ts  and  guinea-pigs are  newly-formed,  locally- 
produced ceils, which  h a v e  a shor t  i n t r amye lo id  l ife 
span and migra te  con t inuous ly  v i a  the  blood s t r eam to  
the spleen and  l y m p h  nodes x,s-xo. The  m a r r o w  is there-  
fore a ma jo r  si te of smal l  l y m p h o c y t e  product ion ,  If  t he  
marrow cells which produce  G V H  react ions are  among  
this popu la t ion  of newly- formed smal l  l ymphocy te s  the  
marrow m a y  p rov ide  a cont inous  source of smal l  
lymphocytes  capable  of reac t ing  agains t  foreign cells in 
the b lood and o ther  per iphera l  l ympho id  tissues. On the  
other  hand,  recent  rad ioau tograph ic  s tudies in this  
l abora to ry  as well  as those  of o the r  inves t iga tors  11 have  
indicated the  presence of a smal l  n u m b e r  of long-l ived 
small  l ymphocy te s  in ra t  marrow.  F u r t h e r  rad ioau to-  
graphic s tudies are  therefore  requ i red  to  de te rmine  

whe the r  t he  cells possessing G V H  ac t iv i ty  migh t  be  
conta ined  wi th in  th is  l a t t e r  subpopula t ion  of smal l  
l ymphocy te s  in the  mar row 12. 

Rdsurnd. Des suspensions de cellules p r o v e n a n t  de  la 
mo~lle osseuse, ou des f ract ions cellulaires d ' une  moelle  
osseuse d ' une  souche paren ta le  on t  6t6 inject6es dens  la 
p lan te  des pieds de rats  hybr ides  (F1). Le  poids des 
nodules l ympha t iques  poplit6s const i tue  un test  sensible 
de la r6act ion greffe-receveur  qui  r6sulte de l ' in jec t ion 
des cellules et  mont re  qu 'une  te l le  r6act ion peu t  6tre 
p rovoqu6e  par  cer ta ins  l ymphocy te s  p r o v e n a n t  du paren-  
c h y m e  de la mo~lle. 
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Studies on Glucose-6-Phosphate  Dehydrogenase:  

Glucose-6-phosphate  dehydrogenase  (G-6-PD) a c t i v i t y  
is t r emendous ly  i m p o r t a n t  to e ry th rocy te  in tegr i ty .  
Where  ac t i v i t y  is decreased, t he  e ry th rocy te  is unusua l ly  
susceptible to  ' o x i d a n t '  drugs,  which  m a y  marked ly  
shorten i ts  in r i v e  life 2. The  enzyme  is inhib i ted  by  
adenosine- t r iphosphate  (ATP) a, var ious  steroids4, 5, and 
pa lmi ty l -CoA e, L 

The  effect  of A T P  on G-6-PD a c t i v i t y  is pa r t i cu la r ly  
impor t an t  because the  inhibi t ion cons tan t  (K,) is wi th in  
f luc tua t ing  levels of in t racel lu lar  A T P  concen t ra t ion  and 
because A T P  helps regula te  glycolysis  by  inhib i t ing  
f ructose-6-phosphate  kinase s. 

A discrepancy be tween  G-6-PD ac t i v i t y  of sheep 
hemolysa tes  (measured under  o p t i m u m  spect rophoto-  
metr ic  condit ions)  and the  ab i l i ty  of e ry th rocy tes  to 
reduce g lu ta th ione  g, suggested s tudy ing  effects of A T P  
on sheep e ry th rocy te  G-6-PD.  

Materials and methods. All  b lood samples,  excep t  one 
human  sample  (an a l iquo t  of c i t r a ted  blood 4 weeks in 
storage), were  col lected using hepar in  as an  ant icoagulant .  

Glucose-6-phosphate-dehydrogenase  ac t i v i t y  was meas-  
ured by  fol lowing the  reduct ion  of n ico t inamide-adenine-  
dinucleot ide phospha te  (NADP)  a t  340 n m  recorded on 
a Gilford au toma t i c  recording spec t rophotometer .  The  
react ion m i x t u r e  for hemolysa tes  (1 .0ml)  conta ined  
0 . 2 r a M  N A D P ,  0 . 1 M  Tris-buffer (pH 8.0), MgC12 and 
0.6 m M  glucose:6-phosphate  a t  25 °C 1°. 

Gtucose-6-phosphate  dehydrogenase  was par t ia l ly  puri-  
fied, us ing p rev ious ly  descr ibed techniques  10; all  p repara-  
tions were  d ia lyzed  overn igh t  agains t  Tris 105 raM, 
pH  8.0; 2.7 mtI4 r E D T A ;  7 m M  f l -mercapto-e thanol  and 
I0 v M  N A D P  prior  to t h e  exper imenta t ion .  F o r  kinet ic  
studies the  react ion mix tu r e  was lowered to  p H  7.35, 
the t e m p e r a t u r e  raised to  30°C, MgC12 omi t ted ,  and 
var iab le  amoun t s  of A T P  (0.5, 1.0, 2.0, 4.0, 6.0, and 
8 .0raM) and glucose-6-phosphate  (0.0125, 0.025, 0.05, 
0.01, 0.3, 0.4, and 0.6 mM)  were used ~. The  react ion was 

Variability in ATP Inhibit ion 1 

in i t ia ted  by  adding the  enzyme  as the  last  component .  
The  Michael is -Menten cons tan t  (Kin) for glucose-6- 
phosphate ,  the  inh ib i t ion  constant ,  and thei r  respect ive 
s tandard  errors were ca lcu la ted  using a least  square f i t  
to  the  Michael is-Menten equa t ion  11, assuming the  inhibi-  
t ion  compe t i t i ve  and  observed veloci t ies  equal  in var i -  
ances. 

Results. Compe t i t i ve  inh ib i t ion  was not  observed using 
the  sheep enzyme  (Table). The  react ion rates wi th  A T P  
were  in t he  expec ted  range for samples wi thou t  ATP.  

Observed K m  values  for bo th  human  and sheep G-6-PD 
are  h igher  than  p rev ious ly  repor ted  g,l°, 1~' - p robably  
because we lowered the  p H  of the  assay mix tu re  and 
used a higher  t empera tu re .  The Ki  value  for 1 sample  
(human,  1) was app rox ima te ly  half  t ha t  observed in the  
o ther  2 samples ;  hemolysa te  ac t iv i ty  of t h a t  one was 
a p p r o x i m a t e l y  20% of normal  (1.6 ~m N A D P / m i n / g  
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hattan, 66502. 
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