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Suppression of Graft-Versus-Host Reaction by Phytohemagglutinin 

T h e  g r a f t - v e r s u s - h o s t  (GVH) r eac t i on  occurs  w h e n  com-  
p e t e n t  cells a re  t r a n s p l a n t e d  to  r ec ip ien t s  wh ich  a re  u n a b l e  
to  re jec t  t h e m ,  a n d  c o n t a i n  h i s t o c o m p a t i b l e  a n t i g e n s  
wh ich  are  a b s e n t  f rom the  donor .  Th i s  reac t ion ,  wh ich  
occurs  w h e n  al logeneic  cells are  i n j ec t ed  in to  n e w - b o r n  
an imals ,  resu l t s  in t he  d e v e l o p m e n t  of a was t i ng  s y n d r o m e  
in t he  nurs l ings  re fe r red  to  as ' r u n t  d isease '  ~-3. 

P h y t o h e m a g g l u t i n i n  (PHA) ,  a k n o w n  induce r  of in  v i t ro  
b las togenes i s  of smal l  l y m p h o c y t e s  4,5 ha s  more  r e c e n t l y  
been  s tud ied  for  i t s  effects  in i m m u n e  response  in an imals .  
Whi l e  t h e r e  h a v e  been  some  r epo r t s  of i m m u n e  response  
e n h a n c e m e n t  ",7 s tud ies  b y  CALNE 8 in dogs s u b m i t t e d  to  
k i d n e y  h o m o g r a f t s  a n d  s tud ies  b y  SPREAFICO a n d  LERNER 9 
a n d  in th i s  l a b o r a t o r y  (unpub l i shed)  on  t he  i m m u n e  re- 
sponse  of mice  to  sheep  e r y t h r o c y t e s  h a v e  d e m o n s t r a t e d  
m a r k e d  depress ion  w i t h  P H A  a d m i n i s t r a t i o n  p r io r  to  
i m m u n i z a t i o n  or  graf t ing.  S imi la r  work  b y  ELVES 1° on  
t he  h o m o g r a f t  r e ac t i on  a n d  b y  ST. PIERRE 11 o n  sk in  si lo-  
g r a f t  su rv iva l  in mice h a v e  i n d i c a t e d  s ign i f i can t  i m m u n o -  
suppres s ion  w i t h  P H A .  I n  t h e  p r e s e n t  s tudy ,  t h e  G V H  
reac t ion  in n e w - b o r n  mice  was e m p l o y e d  as a model  to  
i n v e s t i g a t e  t h e  i m m u n o p o t e n t i a l  of sp leen  cells de r i ve d  
f rom P H A - t r e a t e d  an imal s .  

N Z B  mice, 2 -4  m o n t h s  old, emp loyed  as donors  in  these  
e x p e r i m e n t s  came  f rom a co lony wh ich  h a s  b e e n  m a i n -  
t a i n e d  in th i s  l a b o r a t o r y  since t he  rece ip t  of t he  s t r a i n  in 
J a n u a r y  1966, f rom W.  HALL, U n i v e r s i t y  of Otago,  
Duned in ,  New Zea land .  The  Swiss s t r a i n  a n d  B a l b / c  
p r e g n a n t  mice  were  o b t a i n e d  f rom S i m o n s e n  Labora to r i e s ,  
Gilroy,  Cal i fornia .  

A v o l u m e  of 0.25 ml  c o n t a i n i n g  1 m g  P H A  pur i f ied  b y  
t he  m e t h o d  of RIGAS 12 was  in jec ted  i.p. i n to  d o n o r  mice.  
2 d a y s  l a t e r  t he  mice  were sacr i f iced and  sp leen  cell sus- 
pens ions  p r e p a r e d  in m e d i u m  199 b y  t he  m e t h o d  of 
BILLINGHAM a n d  BRENT a. N e w - b o r n  B a l b / c  mice  were 
i n j ec t ed  i.p. w i t h  0.1 ml  of t h i s  suspens ion  c o n t a i n i n g  
6-8  × 10 s cells, Con t ro l  g roups  inc luded  spleen cell sus- 
pens ions  f rom u n t r e a t e d  N Z B  a n d  Swiss s t r a i n  mice. A 
f u r t h e r  con t ro l  inc luded  in j ec t ion  of n e w - b o r n  B a l b / c  w i t h  
m e d i u m  199 only.  I n  in  v i t r o  e x p e r i m e n t s  a suspens ion  of 
N Z B  spleen  cells was  i n c u b a t e d  w i t h  5 / ,g /ml  P H A  for 
60 m i n  a t  37 °C. Fo l lowing  i n c u b a t i o n  cells were  w a s h e d  
twice  in m e d i u m  199 a n d  0.1 ml  c o n t a i n i n g  6 × 10 e cells 
were  i n j ec t ed  i.p. i n to  n e w - b o r n  B a l b / c  mice.  R u n t i n g  
was assessed b y  g r o w t h  r e t a r d a t i o n  as c o m p a r e d  w i t h  
u n t r e a t e d  l i t t e r - m a t e s  ove r  a 20-day  period.  

The  resu l t s  s u m m a r i z e d  in t h e  Tab le  show t h a t  i.p. 
a d m i n i s t r a t i o n  of 1 m g  P H A  to  y o u n g  a d u l t  N Z B  or 
Swiss mice  r e su l t s  in  m a r k e d  suppre s s ion  of t h e  G V H  
r e a c t i o n  fol lowing sp leen  cell i n j ec t i on  f r o m  these  a n i m a l s  
i n to  n e w - b o r n  B a l b / c  rec ip ients .  N o n e  of 24 B a l b / c  re- 
c ip ien t s  of spleen ceils f rom P H A - t r e a t e d  N Z B  mice  
deve loped  a G V H  reac t i on  in c o n t r a s t  to  22/31 wh ich  
came  d o w n  w i t h  a w a s t i n g  s y n d r o m e  fol lowing i n j ec t i on  
of spleen cells f rom u n t r e a t e d  N Z B  mice. Similar ly ,  in  t h e  
case of Swiss d o n o r  mice, P H A  t r e a t m e n t  2 days  p r io r  to  
sacrif ice a n d  h a r v e s t i n g  of spleen cells r e su l t ed  in signifi-  
c a n t  i n h i b i t i o n  of t h e  G V H  reac t ion .  

Suppres s ion  of t h e  G V H  reac t i on  in nu r s l i ng  B a l b / c  
mice  was  also a c h i e v e d  b y  i n c u b a t i o n  of N Z B  d o n o r  
sp leen  cells w i t h  P H A  for 1 h a t  37 °C j u s t  p r io r  to  inocula -  
t ion .  Th i s  i n c u b a t i o n  pe r iod  was  p rev ious ly  s h o w n  ~3 to  
be suf f ic ien t  to  i nduce  t r a n s f o r m a t i o n  in  cu l tu re s  of 
h u m a n  l ymphocy t e s .  As n o t e d  in t he  T a b l e  all a n i m a l s  
rece iv ing  in v i t ro  P H A - t r e a t e d  sp leen  cells ev idenced  in- 
h ib i t i on  of t he  G V H  reac t ion .  Th i s  would  ind ica t e  t h a t  
t he  effect  of P H A  is on  t h e  d o n o r  cells t hemse lves .  

P r e t r e a t m e n t  w i t h  P H A  a few d a y s  before  a d m i n i s t r a -  
t ion  of a n t i g e n  h a s  been  o b s e r v e d  genera l ly  to  h a v e  a n  
i m m u n o d e p r e s s i v e  effect  s,9,n. P H A  is a we l l -known  
s t i m u l a t o r  of mi tos i s  in  cu l tu re  a n d  has  been  d e m o n s t r a t e d  
to  h a v e  a c o m p a r a b l e  effect  in  v ivo  s. In  mice,  s ign i f ican t  
sp leen cell p ro l i fe ra t ion ,  as j u d g e d  b y  increase  in  spleen 
cell counts ,  splenic  we igh t  a n d  in t h e  p r o p o r t i o n  of cells 
engaged  in D N A  syn thes i s  a n d  mitosis ,  was  obse rved  to  
c o m m e n c e  w i t h i n  2 days  fol lowing P H A  a d m i n i s t r a t i o n  
a n d  to  r e a c h  a p e a k  a t  3 d a y s  14-~s. Qua l i t a t ive ly ,  also, 
ch an g es  i n d u ced  in t h e  splenic  l y m p h o c y t e s  in v ivo  s imu-  
l a t ed  ch an g es  obse rved  fol lowing t h e  a d d i t i o n  of P H A  to  
cu l tures ,  m o s t  cha rac t e r i s t i c a l l y  t h e  t r a n s f o r m a t i o n  of 
sma l l  l y m p h o c y t e s  to  large b las t - l ike  cells~4-t% 

M a t u r e  smal l  l y m p h o c y t e s  i n i t i a t e  a n  i m m u n e  response  
to  fore ign a n t i g e n s  b y  en la rg ing  a n d  d iv id ing .  T h e  m e c h a -  
n i sm  of t h e  i m m u n o l o g i c  defect  of splenic  l y m p h o c y t e s  
f rom P H A - t r e a t e d  a n i m a l s  m a y  reside in t h e  i nab i l i t y  of 
these  cells to  p ro l i fe ra te  in  r e sponse  to  such  s t imul i .  Th i s  
could  deve lop  f rom t h e  c i r c u m s t a n c e  t h a t  sp leen  cell 
t r a n s f o r m a t i o n  a n d  p ro l i f e r a t ion  would  h a v e  a l r ead y  
r eached  a n e a r  m a x i m u m  in t h e  d o n o r  a n i m a l  p r e t r e a t e d  
w i t h  P H A ;  these  splenic  cells m i g h t  t h e n  be  u n a b l e  to  
m o u n t  a n  ef fec t ive  G V H  reac t ion .  I n  th i s  connec t ion ,  
p ro l i f e ra t ive  r e sponse  could  be  de fec t ive  in  t e r m s  of t h e  
me tabo l i c  capab i l i t i e s  of t h e  r e s p o n d i n g  cells. SPREAFICO 9 

Incidence of ' runt disease' in Balblc nliee injected at birth with 
spleen cells derived from untreated and PHA-treatcd donors 

Experimental group Donor strain Incidence of 
runt disease 

Untreated NZB 22[31*'(70%) 
Treated with PHA NZB 0/24 (0%) 
Ceils incubated with Pi tA NZB 0118 (0%) 
Untreated Swiss 417 (57%) 
Treated with PHA Swiss 1/15 (6.7%) 
Medium 199 Control - 0/27 (0%) 

No. of mice showing runting syndrome during first 20 days of life 
over the No. of experimental animals. 
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has repor ted  f inding grea t ly  increased in v ivo  incorpora-  
t ion  of t h y m i d i n e  into  the  D N A  of mouse spleen cells 
af ter  in ject ion of P H A .  In  view of the  inverse relat ionship 
observed be tween  the  an t ibody- fo rming  and DNA-syn-  
thesizing capac i ty  of i m m u n e  cells x7 cellular syn the t ic  
act ivi t ies  ins t iga ted  by  P H A  could p rove  to be incom- 
pat ib le  wi th  p roduc t ive  an t ibody .  

Studies  done by  GOWANS ls showed t h a t  in jec ted  spleen 
cells rap id ly  changed  into large pyroninophi l ic  cells which 
then  proceeded to divide in the  host. Similar  morpho-  
logical results  were obta ined  in v i t ro  by  HIRSCHItORNI* 
wi th  P H A  and wi th  specific antigen.  The  failure to pro- 
duce a G V H  react ion with  P H A - s t i m u l a t e d  spleen cells 
in v ivo  and in v i t ro  in the  present  exper iments  suggests  
t h a t  cells once s t imula ted ,  even non-specifically,  lose thei r  
ab i l i ty  to  respond to a second s t imulus  wi th  hos t  antigens.  
Thus  blast  celt t r ans fo rmat ion  m a y  be connected  wi th  
immunologic  inac t iva t ion  of the  lymphoid  cells, a 's teri le 
ac t iva t ion ' ,  as it  were, t h rough  the  media t ion  of PHA.  

Since the  G V H  react ion is achievable  only th rough  
i m m u n o c o m p e t e n t  cells, the  findings here would  suggest  
t h a t  blastogenesis  m a y  resul t  in the  p roduc t ion  of cells 
no longer  c o m p e t e n t  to  in i t ia te  this  reaction.  F u r t h e r  
s tudies in our  l abora to ry  will a t t e m p t  to explore  the  
possibi l i ty  t ha t  specific blast  t r ans fo rmat ion  m a y  also be 

p roduc t ive  of a celt i ncompe ten t  to  induce the  G V H  
react ion 2o 

Zusammen/assung. Mit Phy toh i imagg lu t in in  behande l te  
Milzzellen erwachsener  M/iuse, i iber t ragen auf  neuge- 
borene Balb/c-M~use,  16sen die e rwar te te  <(Runt-disease)) 
nicht  aus. Versuche mi t  Milzzellsuspensionen werden dis- 
kut ier t .  

Z. MARCUS, l). A. ][{IGAS 
and B. V. SIEGEL 

University o~ Oregon Medical School, 
Portland (Oregon 97201, USA), 
2 May 1968. 

17 O. MXKELA and  G. J ,  V. NOSSAL, J.  exp. Med. 115, 231 (1962). 
is j .  L. GOWANS, B. M. GESNER and I). D. McGREGOR, in Biological 

Activity o1 the Leucocyte (Eds G. E. W. WOLSTENHOLME and 
M. O'CONNOR; Churchi l l ,  London 1961), p. 32. 

19 K. HIRSCIInORN, F. BACH, R. L. KOLOI)NY, 1. L. FIRSCHEIN arid 
N. HASHEM, Scicuce 1,12, 1t85 (1963). 

~0 This  inves t iga t ion  was suppor t ed  by  U.S. A tomic  Ene rgy  Coln- 
lnission, con t rac t s  Nos. RLO-1927-26 and  AT (45-1)-581. 

The  Effect of L=Thyroxine  on the A b s o r p t i o n  of Ca lc ium and S t r o n t i u m  

I t  is now becoming  increasingly clear  t h a t  in experi-  
men ta l  an imals  t he  absorp t ion  of ca lc ium and s t ron t ium 
is under  metabo l ic  control  a t  least  a t  2 levels in the  gastro-  
in tes t inal  t rac t .  F i r s t ly  by  the  calcium-specif ic  ac t ive  
t ransfer  process located in the  d u o d e n u m l  and secondly,  
by  a metabol ica l ly  dependen t  block which l imits  the  pas- 
sage of ca lc ium and s t ron t ium from the  lumen  of the  
lower small  in tes t ine  2,3. Bo th  these processes are depen- 
den t  on ox ida t ive  phosphory la t ion  and can be inac t iva ted  
by  cer ta in  metabol ic  inhibi tors  3,4. 

The  thy ro id  hormones  have  been shown to uncouple  
ox ida t ive  phosphory la t ion  s and a n u m b e r  of manifes ta-  
t ions of impai red  calc ium metabo l i sm have  been repor ted  
in cases of h u m a n  hype r thy ro id i sm s-9. In  v i t ro  studies of 
ca lc ium t ransfer  across eve r t ed  duodenal  sacs prepared  
f rom t r i iodo thyron ine-  or  thy ro id  s t imula t ing  hormone-  
t r ea t ed  ra ts  showed a marked  depression of the  duodena l  
ac t ive  t r anspor t  of ca lc ium 10 This  observa t ion  led to  the  
suggest ion t h a t  ca lc ium absorp t ion  m a y  be depressed in 
h u m a n  hyper thyro id i sm.  In  this repor t  i t  is shown tha t  
the  overal l  absorp t ion  of bo th  calc ium and s t ron t ium is 
in fact  increased in rats  t rea ted  wi th  thyroxil ie .  

The  exper imenta l  procedures  have  been described in 
deta i l  elsewhere TM. F e m a l e  ra ts  of the  h ighly  inbred 
Augus t  strain,  aged 6-8  weeks, were  given 1 mg  L-thy- 
roxine  s.c. for 3 days.  Af te r  fas t ing overn igh t  the  ra ts  
were g iven a single oral dose of 0.5 pCiiTCaCl, plus 0.5 
/zCissSrCI, and killed 7 h later.  Absorp t ion  was es t imated  
f rom the  a m o u n t  of each nuclide re ta ined  in the  whole 
body  less the  a m o u n t  re ta ined  in the  gas t ro- in tes t ina l  
t rac t .  

The  results  presented  in the  Tab le  show t h a t  in thy-  
rox ine- t rea ted  ra ts  there  is an  increased absorp t ion  of 
bo th  ca lc ium and s t ron t ium.  I t  is suggested t h a t  this in- 
creased absorpt ion  results  f rom inhibi t ion of the  metabol ic  
block in the  small  intestine,  due to uncoupl ing of ox ida t ive  

Effect  of L- thyroxine  on the absorp t ion  of calciunI and  s t ron t ium by  
the rat 

Treatment Percentage of dose absorbed from G.I. 
tract in 7 h 

Calcium-47 Stront iunl-85 

None a56.6-~ 2.3 (13) 26.7 ~ 1.0 (22) 

L-Thyroxine 1 mg/d 77.6 ~ 2.2 (8) 46.2 i 3.0 (17) 
for 3 days 

No. of an imals  ill brackets ,  a Mean ± s t andard  error  of tile meaii .  
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