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Mouse Serum Factor Depressin~ Lymphocyte Transformation 

I n  a v a r i e t y  o f  h u m a n  d i s e a s e s  as  d i v e r s e  as  a l c o h o l i c  
c i r r h o s i s  of  t h e  l i ve r  ~ a n d  l e p r o m a t o u s  l e p r o s y  2 s e r u m  or  
p l a s m a  f a c t o r s  o c c u r  w h i c h  d e p r e s s  m i t o g e n - i n d u c e d  
l y m p h o c y t e  t r a n s f o r m a t i o n  in  v i t r o  (for l i s t  of  t h e s e  
d i s e a s e s  see  reI.  ~ and2) .  W e  e a n d  o t h e r s  3 h a v e  s u g g e s t e d  
t h a t  t h e  f a c t o r s  r e s p o n s i b l e  m i g h t  n o t  be  n e w  d i s e a s e -  
spec i f i c  f a c t o r s  b u t  m i g h t  r e p r e s e n t  o v e r - p r o d u c t i o n  of  
f a c t o r s  w h i c h  n o r m a l l y  o p e r a t e  to  c o n t r o l  t h e  d e v e l o p -  
m e n t  a n d / o r  e x p r e s s i o n  o f  c e l l - m e d i a t e d  i m m u n i t y .  I n  t h e  
c o u r s e  of  a t t e m p t s  t o  p r o d u c e  a n  a n i m a l  m o d e l  on  w h i c h  
to  t e s t  t h i s  h y p o t h e s i s  we  f o u n d  t h a t  s e r a  f r o m  n o r m a l  
m i c e  c o n t a i n e d  a f a c t o r  w h i c h  d e p r e s s e d  l y m p h o c y t e  
t r a n s f o r m a t i o n  in  v i t r o .  

T h e  m i c e  u s e d  w e r e  of  t h e  f o l l o w i n g  s t r a i n s :  A / J  a n d  
C B A / J  ( T h e  J a c k s o n  L a b o r a t o r y ) ;  t h e  F1  c ro s s  b e t w e e n  
t h e s e  s t r a i n s ;  n o n - i n b r e d  S W  ( U n i v e r s i t y  of  S y d n e y  
A n i m a l  F a r m ) ;  a n d  N u d e  m i c e  ( C . S . I . R . O .  D i v i s i o n  of  
A n i m a l  G e n e t i c s ,  S y d n e y ) .  S p l e e n  cel ls  we re  c u l t u r e d  
w i t h  p h y t o h a e m a g g l u t i n i n  ( P H A )  or  in  m i x e d  l y m p h o -  
c y t e  r e a c t i o n s  b y  a m o d i f i c a t i o n  o f  t h e  t e c h n i q u e  of  
ADLER e t  al.~ (see f o o t n o t e  to  T a b l e  1). T h e  e x t e n t  of  
l y m p h o c y t e  t r a n s f o r m a t i o n  w a s  d e t e r m i n e d  b y  m e a s -  
u r i n g  t h e  i n c o r p o r a t i o n  of  t r i t i a t e d  t h y m i d i n e  in  t h e  l a s t  
24 h o f  i n c u b a t i o n .  T h e  o p t i m u m  dose  of  P H A  a n d  t h e  
t i m e  a t  w h i c h  t h y m i d i n e  i n c o r p o r a t i o n  w a s  m a x i m a l  we re  
d e t e r m i n e d  for  e a c h  s t r a i n  of  m i c e .  F o r  m i x e d  l y m p h o c y t e  
r e a c t i o n s  A / J  a n d  F1  s p l e e n  cel ls  w e r e  m i x e d  in  e q u a l  
n u m b e r s ;  t h y m i d i n e  i n c o r p o r a t i o n  w a s  m a x i m a l  a f t e r  
4 d a y s .  S e r u m  f r o m  3 t o  12 m i c e  w e r e  poo l ed ,  s t e r i l i z ed  b y  
Mi l l i po re  f i l t r a t i o n  a n d  s t o r e d  a t  - 2 0 ~  P H A  p r o v i d e s  a n  

i m m u n o l o g i c a l l y  n o n - s p e c i f i c  s t i m u l u s  to  t h y m u s - d e r i v e d  
(T) l y m p h o c y t e s  5,6 a n d  t h e  cel ls  r e s p o n d i n g  s p e c i f i c a l l y  
to  a l l o g e n e i c  cel ls  a re  T - l y m p h o c y t e s %  

I n  a se r i e s  of  e x p e r i m e n t s  m o u s e  s p l e e n  cei ls  w e r e  
c u l t u r e d  in  a m e d i u m  c o n t a i n i n g  2 . 5 %  h u m a n  s e r u m ;  
5, 2.5, 1 . 2 5 %  or  n o  m o u s e  s e r u m ;  a n d  P H A  a t  t h e  o p t i m a l  
d o s e  or  ~/4 t h e r e o f .  A / J  a n d  F1 s p l e e n  cei ls  a n d  m i x t u r e s  
o f  t h e  t w o  we re  c u l t u r e d  in  s i m i l a r  m e d i a  w i t h o u t  P H A .  
T a b l e  I s h o w s  t h a t  5 %  m o u s e  s e r u m  d e p r e s s e d  t h e  
r e s p o n s e s  of  ce l l s  t o  ~/4 t h e  o p t i m a l  d o s e  o f  P H A  a n d  to  
a l l o g e n e i c  cel ls .  O t h e r  e x p e r i m e n t s  s h o w e d  t h a t  t h e  
d e g r e e  o f  d e p r e s s i o n  w a s  d i r e c t l y  d e p e n d e n t  o n  t h e  con -  
c e n t r a t i o n  of  m o u s e  s e r u m ;  t h a t  i t  w a s  less  m a r k e d  w h e n  
a n  o p t i m a  ! d o s e  of  P H A  w a s  u s e d ;  a n d  t h a t  t h e  s a m e  
c o n c e n t r a t i o n  of  m o u s e  s e r u m  w a s  less  d e p r e s s i v e  in  
h i g h e r  t h a n  in  l ower  c o n c e n t r a t i o n s  of  h u m a n  s e r u m .  

T h e  d e p r e s s i v e  f a c t o r  in  n o r m a l  S W  m o u s e  s e r u m  h a s  
b e e n  p a r t i a l l y  c h a r a c t e r i z e d .  I t  w a s  n o t  a f f e c t e d  b y  
h e a t i n g  to  56~ for  20 ra in .  I t  w a s  n o t  r e m o v e d  b y  
d i a l y s i s  ; in  f a c t  s o m e  b a t c h e s  of  s e r a  b e c o m e  m o r e  d e p r e s -  
s i ve  o n  d i a l y s i s  a g a i n s t  R P M I  1640. I t  w a s  p r e s e n t  in  
p l a s m a  f r o m  m i c e  p r e v i o u s l y  i n j e c t e d  w i t h  h e p a r i n  a n d  
is t h u s  n o t  a p r o d u c t  of  c l o t t i n g .  W h e n  S W  s e r u m  w a s  
f r a c t i o n a t e d  o n  D E A L - c e l l u l o s e ,  w i t h  s t e p w i s e  e l u t i o n  b y  
p h o s p h a t e  b u f f e r s ,  p H  7.8, f r o m  0.01 2//I to 0.2 M ,  n o  
a c t i v i t y  w a s  r e c o v e r e d .  H o w e v e r ,  e l u t i o n  w i t h  0.2 M 
b u f f e r  p l u s  2 M NaC1 r e s u l t e d  in  c o m p l e t e  r e c o v e r y  o f  
i n h i b i t o r y  a c t i v i t y .  Gel  f i l t r a t i o n  on  S e p h a d e x  G-200  
r e v e a l e d  a l l  t h e  d e p r e s s i v e  c a p a c i t y  of  SYV s e r u m  in  t h e  
t h i r d  p e a k .  L i k e w i s e ,  t h e  d e p r e s s i v e  c a p a c i t y  of  F1  s e r u m  

Table I. Inhibitory effect of normal mouse serum on lymphocyte Table II. Effect of serum from BCG-treated nfice on lymphocyte 
t ransformation ~ transformation 

Spleen cells Mouse serum PHA cpm Inhibition Time after 2nd BCG 
Strain Concentration (/xl) per 106 (%) injection 

( % ) ceils 

SW SW~ 0 0.06 8168 
5 0.06 3147 61 

CBA CBA 0 0.125 2427 
5 0.125 419 83 

A A 0 0.125 6822 
5 0.125 1616 76 

F1 F1 0 0.125 12702 
5 0.125 3337 74 

A +  F1 F1 0 0 1992 
5 0 619 68 

~The cultures were set up in steriIe 2.2 ml plastic vials (Stayne La- 
boratories, Code F,2/R). The reaction mixtures contained 0.6 ml 
spleen cell suspension (7.5• cells/ml), 0.2 ml 12.5% heated 
(56~ 15 rain) human  serum, 0.2 ml 25% mouse serum or RPMI 
1640, and 0.1 ml diluted PHA. The volume of the original bottle of 
PHA-P (Difco, Control 550408) was 5 mI and the quant i ty  of PHA 
added was calculated on this basis. Thus 0.125 [xl was contained in 
0.1 ml of a 1:800 dilution. 24 h before harvest  each culture received 
0.2.ml RPMI 1640 containing 2 ~zCi tritiated thymidine (The Radio- 
chemical Centre, TRA. 1.20, 5.0 Ci/mmol). The cultures were har- 
vested as described elsewhere 2 and counted in a Philips LSA 400 li- 
quid scintillation counter. Results are means of duplicates, calculated 
as cpm per 106 cells after correction for background. Over a large 
number of experiments the average deviation of individual cultures 
from the mean of the duplicates was ~ 5%. 
b 3 pools of SW serum similarly tested with ~4 the optimal dose of 
PHA showed a mean inhibition of 56% (S.E. ~ 6%). 14 pools tested 
with an optimal dose of PHA (0.25 p.1) showed a mean inhibition of 
34% (S.E. • 4%). 

Tritiated thymidine incorporation as % of 
mean incorporation in normal control sera, 
mean and range 
Normal BCG-injected 

14 days 100 (92-108) 59 (46-67) 

56 days 100 (73 110) 87 (82-95) 

SW mice were injected i.p. with 0.5 mg live BCG vaccine (Common- 
wealth Serum Laboratories, Melbourne) on 2 occasions 6 weeks apart. 
They were bled 14 days and 56 days after the 2nd injection. Unin- 
jeered SW mice were bled at the same time. In each case 3 pools of 
sera were prepared, each made from 3 mice, 
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J. M. H. PEARSON, Clin. exp. Immun.  9, 33 (1971). 
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4 W. H. ADLER, T. TAKIOUCHI, B. MARSH and R. T. SMITH, J. exp. 

Med. 137, 1049 (1970). 
5 M. J. DOENHOFF, A. J. S. DAVIES, E. LEUCHARS and V. WALLIS, 
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for b o t h  P H A - i n d u c e d  t r a n s f o r m a t i o n  and  m i x e d  lym-  
p h o c y t e  r e a c t i v i t y  was found  a l m o s t  en t i r e ly  in  t he  t h i r d  
p e a k  of a G-200 eluate .  

I t  is of p a r t i c u l a r  i n t e r e s t  to  d e t e r m i n e  w h e t h e r  t h e  
i n h i b i t o r y  capac i ty  of mouse  se rum var ies  w i t h  changes  
in t he  i m m u n o l o g i c a l  s t a t u s  of t he  donors .  Sera  were 
o b t a i n e d  f rom S W  mice  in j ec t ed  w i t h  l ive BCG vaccine,  
wh ich  causes  p ro l i f e ra t ion  of m a c r o p h a g e s L  T he  effects 
of sera  o b t a i n e d  a f te r  a single in j ec t ion  were var iab le ,  b u t  
t h e  depress ive  effect  was  genera l ly  no t  g rea te r  t h a n  t h a t  
of n o r m a l  sera. As shown  in  Tab le  I I ,  sera  o b t a i n e d  f rom 
mice  2 weeks a f te r  t h e  second of 2 in jec t ions  of B e G  were 
s u b s t a n t i a l l y  more  depress ive  t h a n  n o r m a l  sera,  Th i s  
di f ference was  scarcely  a p p a r e n t  6 weeks la ter ,  

Sera  were also o b t a i n e d  f rom S W  mice  t r e a t e d  w i t h  
a n t i l y m p h o c y t e  g lobul in  (ALG) w h i c h  causes,  a m o n g  a 
v a r i e t y  of biological  effects s, a t e m p o r a r y  dep le t ion  of T 
l y m p h o c y t e s  9 a n d  m a y  cause  some p ro l i f e ra t ion  of ma-  
c rophages  1~ T h e y  rece ived  3 s.c. in jec t ions ,  a t  da i ly  
in te rva l s ,  of 0.5 m g  of a p r e p a r a t i o n  shown  to be  i m m u -  
nosuppress ive  ~1. The  sera  h a d  an  increased  depress ive  
capac i ty  up  to  6 days  a f t e r  t he  f i r s t  i n j ec t ion  (mean  
t h y m i d i n e  i n c o r p o r a t i o n  56% of t h a t  in  n o r m a l  mouse  
serum).  A second wave  of increase  in depress ive  capac i t y  
occurred  later ,  m a x i m a l  a t  18 days  (mean  t h y m i d i n e  
i n c o r p o r a t i o n  35% of t h a t  in n o r m a l  mouse  serum).  

N u d e  mice (genet ica l ly  nu/nu) l ack  T l y m p h o c y t e s  12 
a n d  c a n n o t  m a k e  ce l l -media ted  i m m u n e  response  is. Sera  
f rom such  mice were c o m p a r e d  w i t h  sera f rom he tero-  
zygous (nu/+) siblings,  a t  concen t r a t i ons  f rom 1.25 to  
5% in t he  presence  of 2 .5% h u m a n  se rum a n d  o p t i m a l  or 
1/4 o p t i m a l  doses of P H A  w i t h  spleen cells f rom nu/+ 
mice.  B o t h  sets  of sera  h a d  a p r o n o u n c e d  depress ive  
c a p a c i t y  (67% for nu/nu se rum a n d  63% for n u / +  se rum 
a t  5% a n d  w i t h  an  o p t i m a l  dose of PHA) .  

These  f ind ings  i nd ica t e  t h a t  n o r m a l  mouse  s e rum 
con ta ins  a f ac to r  wh ich  depresses  t he  response  of n o r m a l  
mouse  sp leen  l y m p h o c y t e s  to  P H A  and  to al logeneic  
l ymphocy t e s .  The  fac to r  a p p e a r s  to  be  a h i g h l y  cha rged  
molecule  of r e Ia t ive ly  low molecu la r  weight .  These  prop-  
er t ies  m a k e  i t  h igh ly  un l ike ly  t h a t  t he  fac to r  is e n d o t o x i n  ~ 
or a n  fmmunog lobu l i n .  I t  is t h u s  also un l ike ly  t h a t  
an t ibod ie s  to  P H A  are respons ib le  for i n h i b i t i o n  of t he  
response  to  P H A  15 a n d  in a n y  case mixed  l y m p h o c y t e  
r e a c t i v i t y  is also inh ib i t ed .  T he  presence  of depress ive  
a c t i v i t y  in  sera  f rom N u d e  mice  a n d  A L G - t r e a t e d  mice  
m a k e s  a n  or igin f rom T l y m p h o c y t e s  v e r y  unl ikely .  I t s  

poss ible  or ig in  from, e.g., b o n e - m a r r o w  der ived  (B) 
l y m p h o c y t e s  or m a c r o p h a g e s  is be ing  inves t iga ted .  O t h e r  
c u r r e n t  i nves t iga t ions  conce rn  t he  depress ive  effects of 
sera  f rom mice  sub jec t ed  to  more  v io l en t  i m m u n o l o g i c a l  
insul ts ,  such  as g ra f t -ve r sus -hos t  reac t ions ,  a n d  t he  effects  
of mouse  sera on o the r  ac t iv i t i e s  of s t i m u l a t e d  l y m p h -  
coytes,  e.g., R N A  a n d  p ro t e in  syn thes i s  a n d  cy to tox ic i ty .  
The  should  shed  l i gh t  on t h e  poss ib le  h o m e o s t a t i c  role 
of t he  depress ive  fac to r  and  i ts  r e l a t i onsh ip  to  t he  
' i m m u n o r e g u l a t o r y  ~-globul in '  i so la ted  f rom some b a t c h e s  
of n o r m a l  h u m a n  p l a s m a  16 a n d  t he  depress ive  factor(s)  
in n o r m a l  ch i cken  se rum tT, ~s. 

Rdsumd. Le s6rum des souris  no rma les  c o n t i e n t  un  
facteur ,  de h a u t e  charge  n6ga t ive  et  de fa ib le  po ids  mol6- 
culaire,  qu i  abaisse  la  r @ o n s e  de l y m p h o c y t e s  sp l6niques  
au  P H A  et  aux  l y m p h o c y t e s  al log6niques.  Le  s6rum des 
souris  qu i  on t  eu une  in j ec t ion  de BCG est  m8me  plus  
d@ress i f  que  le s6rum des souris  normales .  
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Lymphocyte-Fibroblast  Interaction in the Pathogenesis  of Inf lammatory Gingival Disease 

Gingiv i t i s  is a de s t ruc t i ve  i n f l a m m a t o r y  disease of t he  
t issues s u r r o u n d i n g  t he  t ee th .  I t  is e x t r e m e l y  wide ly  
sp read  in h u m a n  popu l a t i ons  1. The  disease is r e l a t ed  
et iological ly  to  t h e  a c c u m u l a t i o n  a n d  g r o w t h  of micro-  
o rgan i sms  (specifically t e r m e d  d e n t a l  p laque)  on  t he  
surface  of t he  t e e t h  ~. The  ear ly  g ing iva l  lesion is charac-  
te r ized  b y  a n  i n f i l t r a t i on  of leucocytes  and, a c o n c o m i t a n t  
r e d u c t i o n  in t he  a m o u n t s  of connec t ive  t i ssue  subs tance .  
W h i l e  t h e  disease has  been  t he  ob jec t  of i n t ens ive  in- 
ves t iga t ion ,  t he  n a t u r e  of i t s  pa thogenes i s  ha s  no t  been  
defined.  

T h e  d a t a  r epo r t ed  here  were der ived  f rom a n  ex tens ive  
series of s tudies  us ing  q u a n t i t a t i v e  m o r p h o m e t r i c  tech-  
n iques  for t h e  analys is  of h u m a n  gingiva l  b iopsy  specimens.  
The  t echn iques  used for p r e p a r a t i o n  a n d  analys is  of t he  
m a t e r i a l  are  descr ibed  in de ta i l  e lsewhere  ~ a n d  a de ta i l ed  

r e p o r t  of t he  obse rva t i ons  is be ing  p r e p a r e d  ~. The  d a t a  
show t h a t  a f o rm  of de layed  h y p e r s e n s i t i v i t y  in  wh ich  
sens i t ized  l y m p h o i d  cells a p p e a r  to  exe r t  a cy to tox ic  
effect  on  f ib rob las t s  of t h e  g ing iva  m a y  p l ay  a m a j o r  role 
in  t he  i n d u c t i o n  a n d  progress  of t h e  disease.  

Vo lume t r i c  d a t a  were o b t a i n e d  for t he  cell a n d  f iber  
compos i t i on  of t he  i n f i l t r a t ed  connec t ive  t i ssue  (ICT) and  
n o n - i n f i l t r a t e d  c o n n e c t i v e  t i ssue  (NET) of 20 h u m a n  
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