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Summary. Auto lysa tes  of Trypanosoma congolense, in subcy to tox ic  amounts ,  were found to be h ighly  mi togenic  in vi t ro  
for the  spleen cells of normal  mice. Signif icant  amo u n t s  of [3H~-thymidine were also incorpora ted  by  the  respond ing  
spleen ceils of nu /nu  (athymic) mice. In  cont ras t ,  the  spleen cells of cye lophosphamide - t r ea t ed  mice were unrespons ive .  
The f indings suggest  t h a t  a p o t e n t  B-cel l -mitogen is genera ted  by  the  auto lys ing  T. congolense organism. 

I m m u n o s u p p r e s s i o n  resul t ing f rom infect ion wi th  the  
pa thogen ic  Afr ican t r y p a n o s o m e s  is we l l -documented  3-6 
b u t  mechan i sms  involved in the  d e v e l o p m e n t  of th is  
immunologica l  p h e n o m e n o n  still  r emain  unclear.  A 
paradoxica l  f inding which has grea t ly  con t r ibu ted  to the  
di f f icul ty  in the  e lucidat ion of th is  p h e n o m e n o n  is the  
s imul taneous  associat ion of a h ighly  act ive immuno-  
logical and  mononue lear  phagocy t i c  sys t em 7 wi th  an 
immunosuppres sed  s ta te  to o ther  ant igens.  Various  
hypo theses  have  been  advanced  to explain  th is  pheno-  
menon,  and  one of the  mos t  a t t r ac t ive  has been t h a t  
B-cells capable  of recognizing the  in t roduced  an t igen  m a y  
be dep le ted  as a resul t  of polycional  B-cell ac t iva t ion  5, ~, 8. 
Recen t  repor t s  have  thus  s t ressed the  close funct ional  
and  pa thogene t i c  re la t ionship  be tween  the  high IgM- 
levels, polyclonal  B-cel l -ac t ivat ion and  immunosuppres -  
sion in Afr ican t rypanosomias i s  9, 10. W h e t h e r  a t r yp an o -  
some-der ived  mi togen  plays  any  s ignif icant  role in th is  
immunosuppress ion ,  as well as in the  spon taneous  
polyclonal  B-cel l-responses in th is  disease, has  ye t  to be 
resolved. 
We have  shown t h a t  Trypanosoma congolense generates,  
on autolysis,  cer ta in  free f a t t y  acids and lysoleci thin 
which were po t en t l y  cy to tox ic  and haemoly t i c  ~t, ~2. We 
have  also suggested recent ly  t h a t  these t rypanosomes -  
der ived factors  m a y  play a s ignif icant  role in the  pa tho -  
genesis of African t rypanosomias i s  ~a. In  th is  communi -  
cat ion,  we p resen t  evidence to show t h a t  au to lyzed  
t rypanosome-de r ived  factors,  in subcy to tox ic  amounts ,  
are po t en t l y  mitogenic  in vi t ro  for mouse spleen cells. 
This i m p o r t a n t  charac ter i s t ic  was first  de tec ted  dur ing  
our  s tudies  on the  effects of these  factors  on m i t o g e n ( P H A  
and LP S ) - s t im u la t ed  lymphoblas togenes is ,  when  it was 

observed t h a t  the  factors  very  s ignif icant ly  (p < 0.01) 
s t imula ted  mouse  splenic cul ture  cells to incorpora te  
t h y m i d i n e  (table). 
The t r ypanosome-de r ived  factors  were p repa red  as 
descr ibed previous ly  11,12 and a s t anda rd ,  subcy to tox ic  
dose of 4.5 ag/mt  106 splenic l y m p h o c y t e s  was es tabl ished 
using a quan t i t a t i ve  a d a p t a t i o n  of the  t r y p a n  blue dye  
exclusion method .  Spleen cell cul tures  were carried out  14 
in sterile f l a t - b o t t o med  Falcon plast ic  tubes  (No. 2054, 
B-D Falcon,  California, USA) in quadrup l i ca te  a l iquots  
of 3 ml / tube  conta in ing  15x106 responding  splenic  
l y m p h o c y t e s  in RPMI-1640-ant ib io t ic  s u p p l e m e n t e d  
medium.  Cells were cul tured  wi th  or w i t h o u t  a known  
T- or B-cel l -mitogen (PHA or LPS,  respec t ive ly ;  Difco), 
or wi th  the  t rypanosome-de r ived  factors  for 48 h a t  37 ~ 
in a humidi f ied  a tmosphe re  of 5% CO 2 and 95% air. 
18-24 h before harves t ing ,  1 btCi of t r i t i a t e d - t h y m i d i n e  
(sp. act. 6-7 Ci/mmole ; New E n g l an d  Nuclear) was added  
to  each tube.  Cells were harves ted ,  processed and IaHl- 
t h y m i d i n e  incorpora t ion  into l y m p h o c y t e  nucleoprote in  
de t e rmined  by  liquid scint i l la t ion spec t roscopy  14. 
The table  summar izes  the  da t a  of a n u m b e r  of expe r imen t s  
in which the  s t imu la to ry  effects on mur ine  spleen cells 
of a s t anda rd ,  subcy to tox ic  a m o u n t  on the  t r y p a n o s o m e -  
der ived factors  and op t ima l  amo u n t s  of known T- and  
B-cel l -mitogens (PHA and LPS,  respect ively) ,  were 
examined.  As can be seen, the  addi t ion  of the  T. congo- 
lense auto lysa te  p r o m o t e d  a cellular s t imula t ion  ref lected 
in s ignif icant ly  increased (p < 0.01) t h y m i d i n e  up take  
(table, expe r imen t  A). S t imula t ion  by  P H A  and L P S  was 
general ly  greater  t h a n  this,  bu t  in some expe r imen t s  
~for example ,  the  response  of the  a thymic ,  nude  mice 
(vide infra)], t he  mi togenic  effect  of the  t r y p a n o s o m e -  
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Fig. 1. Dose-response curve showing the incorporation of ?H]- 
thymidine after stimulation of normal mouse spleen cells, p-value 
given for the optimal stinmlatory concentration of autolyzed T. 
congolense. Vertical bars represent SE of the mean responses of 
quadruplicate cultures. 

1 Acknowledgments. This investigation was supported by the 
International Development Research Centre, Canada. 

2 On sabbatical leave from the Department of Animal Science, 
University of Ghana, Legon, Aecra, Ghana. 

3 L.G. Godwin, D. G. Green, M. W. Guy and A. Voller, Br. J. 
exp. Path. 53, 40 (1972). 

4 P . H .  Holmes, E. Mamlno, A. Thompson, P. A. Knight, R. 
5 P.K.  Murray, F. W. Jennings, M. Murray and G. M. Urquhart, 

Immunology 27, 825 (1974). 
Lucken, P. K. Murray, M. Murray, F. W. Jennings and G. M. 
Urquhart, Vet. Rec. 95, 86 (1974). 

6 G.M. Urquhart, M. Murray, P. K. Murray, F. W. Jennings and 
E. Bates, Trans. R. Soe. trop. Med. Hyg. 67, 528 (1973). 

7 M. Murray, P. K. Murray, F. W. Jennings, E. W. Fisher and 
G. M. Urquhart, Res. Vet. Sci. 16, 77 (1974). 

8 B.M. Greenwood, Lancet 1, 435 (1974). 
9 G.O. Esuruoso, Clin. exp. hnmun. 23, 314 (1976). 
10 K.M. Hudson, C. Byner, J. Freeman and R. J. Terry, Nature, 

Lond. 264, 256 (1976). 
11 I. R. Tizard and W. L. Holmes, Experientia 32, 1533 (1976). 
12 I. R. Tizard, W. L. Holmes, D. A. York and A. Mellors, Ex- 

perientia (in press). 
13 I.R. Tizard, K. Nielsen, A. Mellors and R. K. G. Assoku, Lancet 

1, 750 (1977). 
14 W.H. Adler, T. Takiguchi, B. Marsh and R. 1'. Smith, J. exp. 

Med. 131, 1049 (1970). 



128 Specialia EXPERIENTIA 3411 

der ived factors  was d i s t inc t ly  grea te r  t h a n  t h a t  of the  
known  B-cel l -mi togen (LPS).  However ,  co incuba t ion  of 
e i ther  the  P H A  or L P S  wi th  the  t rypanosome-de r ived  
factors  resul ted  in reduced  lymphopro l i fe ra t ive  response 
to e i ther  P H A  or L P S  alone (table, e x p e r i m e n t  B). This  
reduc t ion  could be due to the  fact  t h a t  op t ima l  concent ra-  
t ions  of P H A  and L P S  were used in the  cultures,  and  
mi togenic  effects decrease sharp ly  when  such mi togens  are 
used in sup raop t ima l  doses 1,, 15 
A similar  au to lysa te  f rom Trypanosome lewisi, a non-  
pa thogen ic  organism,  p roduced  only  min imal  blas togenic  
response,  and  th is  p repa ra t ion  has been found to conta in  
s ignif icant ly  reduced a m o u n t s  of free f a t t y  acids 12 
The expe r imen t s  r epor ted  above were carr ied out  re- 
pea t ed ly  under  cons t an t  env i ronmen ta l  condit ions,  and 
the  unequivocal  demons t r a t i on  in vi t ro  of mi togenic  

The responses of normal mouse spleen cells to known mitogens and 
autolyzed T. congolense and T. lewisi 

Ex- Culture addition/or [nH]-TdR uptake p*** 
periment 'stimulant'* (epm ! SEM of 4 

replicate determinations) 

A Phytohaemagglutinin 
(PHA) 47312.53 -- 1279.36 - 
PHA + autolyzed 
T.congolense 43227.60 • 2911.16 - 
T.congolense (AT congo) 14464.90 • 678.30 0.01 
None 4304.20 -4- 120.20 

B Salmonella typhimurium 
lipopolysaccharide (LPS) 144660.03 • 43425.82 - 
LPS + AT congo 82896.25 4- 8570.60 - 
AT congo 56535.40 :t: 7814.06 0.002 
None 10531.93 4- 377.94 

C AT congo 22423.67 4- 2064.28 0.001 
None 528.93 :t: 125.51 

D Autolyzed T.lewisi** 3479.20 4- 891.35 0.05 
None 528.93 4- 125.51 

* PHA, LPS and AT congo were used, respectively, at a concentra- 
tion of 10 [xl, 200 ~xg and 60 ~g]eulture of 15 x 106 splenic cells. 
** Same aliquot amount as autolyzed T. congolense did not cause any 
significant stimulation. ***Significance of difference between cul- 
tures with and without 'stimulant' (using Student's t-test). 
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Fig. 2. In vitro effects of PHA, LPS and autolyzed T. congolense on 
the spleen cells of athymic (nude : nu/nu) mice. PHA, LPS and auto- 
lyzed T.congolense (T.eongo) were used, respectively, at a concen- 
tration of 5 [xl, 100 [xg and 20 [zg/eulture tube of 2 • l0 s cells. 

s t imula t ion  of the  spleen cells of normal  mice by  the  
t rypanosome-de r ived  factors  suppor t s  the  hypo thes i s  
t h a t  some of the  effects of t r y p a n o s o m a l  infection,  such 
as immunosuppres s ion  and  syn thes i s  of nonspecif ic  
immunoglobul ins ,  migh t  be associa ted wi th  the  elabora-  
t ion by  the  paras i te  of a mi togen  which  s t imula tes  
l ympho id  cells to b las t  t r an s fo rma t i o n  6, 8,10. 
A dose-response s tudy  clearly ind ica ted  t h a t  as l i t t le as 
2 [xg of the  t r y p a n o s o m e  p repa ra t ion  s ignif icant ly  
(p < 0.02) s t imula ted  spleen cell suspens ion  conta in ing  
5 • 106 cel ls /ml of cul ture  (figure 1); increased doses of 
up to 20 ~xg/ml of cul ture caused a u g m e n t e d  responses  
(p < 0.001). Higher  concen t ra t ions  of the  factor,  how- 
ever, resul ted  in decl ining responses  until ,  a t  the  h ighes t  
concen t ra t ion  used (200 ~g/ml cell cul ture  conta in ing  
5 • 106 cells/ml), no responses  occurred (figure 1); try-pan 
blue dye  exclusion t es t  ind ica ted  100% mor t a l i t y  of these 
responding  cells. 
In  order  to  de te rmine  the  class of cell on which these 
t rypanosome-de r ived  factors  m i g h t  act,  spleen cells f rom 
b o t h  a thymic ,  nude  (nu/nu) and  cyc lophosphamide-  
t r ea t ed  mice were separa te ly  cul tured  wi th  ei ther  the  
t r y p a n o s o m e  factors,  A H A  or LPS.  As i l lus t ra ted in 
figure 2, h ighly  s ignif icant  (p < 0.001) mitogenic  re- 
sponses by  the  cells of a t h y mi c  mice to b o t h  the  t rypano-  
some-der ived  factors  and L P S  occurred,  which  clearly 
sugges ted  t h a t  the  t r y p a n o s o m e  factors  behaved  as a B- 
cel l-mitogen.  This  observa t ion  was  fu r ther  suppor t ed  by  
lack of response  to  the  t rypanosome- fac to r s  by  the  spleen 
cells of mice p re t r ea t ed  wi th  cyc lophosphamide .  These 
po in t s  are in ag reemen t  wi th  t he  f indings of Esuruoso 9 
and Campbel l  (as ci ted b y  Mansfield and o thers  lS), b u t  
are in confl ict  w i th  those  of Mansfield and colleagues is, 
whose mechan ica l ly -d i s rup ted  T. congolense and T. brucei 
ex t rac t s  were found to be mi togenic  in vi t ro  for r abb i t  bu t  
n o t  mouse  spleen lymphocy tes .  The possibi l i ty  t h a t  the  
s t imula t ion  observed  in our  expe r imen t s  was due to the  
presence of a heterologous se rum factor  in the  cul tures 1~ 
was also h ighly  unlikely because none of the  control  
cul ture p repa ra t ions  p roduced  any  s ignif icant  s t imula t ion  
(see the  tab le  and  figure 1). 
I m m u n o s u p p r e s s i o n  is closely associated wi th  African 
t rypanosomiasis~-S.  W h e t h e r  a t rypanosome-de r ived  
mi togen  plays  a s ignif icant  role in this  phenomenon ,  as 
well as in the  spon taneous  polyclonal  B-cell-responses,  
remains  to  be de te rmined .  Never theless ,  there  is now in- 
creasing evidence,  b o t h  d i rec t  and  indirect ,  to suppor t  
the  pos tu la te  t h a t  a t r ypanosome-de r ived  B-cel l -mitogen 
s t imula tes  B-cell  clones to  undergo d i f ferent ia t ion  s-s, 
t hus  resul t ing no t  only in unregula ted  clonal  expans ion  
and  secret ion of immunoglobu l ins  wi th  numerous  speci- 
cities, b u t  also in clonal exhaus t ion  and/or  paralysis  so 
t h a t  the  induc t ion  of specific a n t i b o d y  responses  is severe- 
ly depressed.  Thus,  background  IgM-responses  to m a n y  
ant igens  recognizable by  B-cells are increased in t rypano-  
some- infec ted  animals1~ and  t r y p a n o s o m e  infect ion 
therefore  p ro b ab l y  induces polyclonal  B-cel l -act ivat ion.  
Indeed,  a paral lel  has  recent ly  been  d rawn  1~ be tween  the  
polyclonal  ac t iva t ion  of t r y p a n o s o m e  infect ions and t h a t  
p roduced  by  L P S  is, the  secre ted  polyclonal  p roduc t s  
being suggested to  account  for the  increased Ig-levels 
seen in t r y p a n o s o m e  infect ions 10. 
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W e  essent ia l ly  agree w i t h  t he  h y p o t h e s i s  t h a t  t he  poly-  
c lonal  a c t i v a t i o n  of B-cells  in t he  presence  of a c o n t i n u o u s  
t r y p a n o s o m e  in fec t ion  is l ikely to  resu l t  in a progress ive  
dep le t ion  of an t i gen - r eac t i ve  B - l y m p h o c y t e s  1~ since 
these  cells would  t h e n  be  a c t i v a t e d  to change  in to  secre tor  
cells, p e r h a p s  w i t h  l i t t le  or no  a c c o m p a n y i n g  pro l i fe ra t ion .  
I n  t h i s  way  t h e  i m m u n o s u p p r e s s i o n  in t r y p a n o s o m e  in-  
fec t ions  m a y  be  exp la ined  b y  t he  dep le t ion  of B-cells  
capab le  of recogniz ing  t he  i n t r o d u c e d  an t igen .  Indeed ,  a 
n u m b e r  of B-ce l l -mi togens  h a v e  r ecen t ly  been  s h o w n  to 
comple te ly  suppress  p r i m a r y  i m m u n e  responses  in  v ivo  
to sheep e r y t h r o c y t e s  19. Our  d e m o n s t r a t i o n  of the  in v i t ro  
mi togen ic  a c t i v i t y  of these  t r y p a n o s o m e  p r o d u c t s  lends  
concre te  s u p p o r t  to  t he  above  hypothes i s .  F ina l ly ,  if b o t h  
a c t i v a t i o n  and  i m m u n o s u p p r e s s i o n  are polyclonal ,  i t  
would  be expec ted  t h a t  the  a n t i b o d y  responses  to  la ter -  
a p p e a r i n g  t r y p a n o s o m e  an t igen ic  v a r i a n t s  would  also be  
impai red .  R e c e n t  f ind ings  1~ lend some s u p p o r t  to  th i s  
view. 
O t h e r  theories ,  such  as e n h a n c e m e n t  of T - suppres so r  cell 
f unc t i on  d u r i n g  t r y p a n o s o m i a s i s  7, m u s t  be cons idered  in 
t he  l igh t  of r ecen t  compel l ing  ev idence  t h a t  suppresso r  
cells were i nvo lved  in t he  immuno log ica l  hypore spons ive -  
ness obse rved  in Af r i can  t r y p a n o s o m i a s i s  20. Y e t  st i l l  an-  
o t h e r  r e l e v a n t  a n d  possible  m e c h a n i s m  of i m m u n o s u p -  
press ion  could be  t h a t  cells s t i m u l a t e d  in v ivo  w i t h  t he  
mi togen  could release l y m p h o k i n e s  21 (e.g. interferon22),  

wh ich  would  t h e n  b lock  (or s t imula te )  o t h e r  essent ia l  cell  
l ines l ikely to p l ay  a p r o m i n e n t  role in  p r i m a r y  i m m u n e  
response,  as has  indeed  r ecen t l y  been  p o s t u l a t e d  ~ to ex- 
p la in  t he  complex  p h e n o m e n o n  of i m m u n o s u p p r e s s i o n .  
We  have ,  however ,  r e cen t l y  fai led to d e t e c t  increased  in-  
t e r fe ron  levels in  T. congolense in fec ted  ca lves  (Dr B. 
Rouse ,  pe r sona l  c o m m u n i c a t i o n ) .  
In  conclusion,  our  f ind ings  ind ica te  t h a t ,  u n d e r  o p t i m a l  
cond i t ions  of cu l ture ,  t he  T. congolense-derived fac to rs  
are p o t e n t l y  mi togen ic  in v i t ro  for splenic  l y m p h o c y t e s  
f rom n o r m a l  and  congen i t a l l y  a t h y m i c  mice.  W e  feel t h a t  
i t  would  also be  w o r t h w h i l e  to  i nves t i ga t e  t he  poss ib i l i ty  
of d e m o n s t r a t i n g  t h i s  mi togen ic  effect  on  the  l y m p h o i d  
cells of ca t t l e  and  man ,  t he  2 species in wh ich  ti le n a t u r a l  
disease is mos t  i m p o r t a n t .  W e  would  also l ike to  k n o w  
wh ich  f r ac t ion  of the  t r y p a n o s o m a l  fac to r  p roduces  t h i s  
effect  a n d  i ts  role in t he  pa thogenes i s  of t he  n a t u r a l  dis- 
ease. W e  are c u r r e n t l y  i nves t i ga t i ng  all  t he se  possibi l i t ies .  
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Smal l  l y m p h o c y t e  product ion  and ' lympho id  cell prol i ferat ion in m o u s e  bone m a r r o w  1 
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Summary. I n  mice g iven  3 H - t h y m i d i n e  sys temica l ly  d u r i n g  t e m p o r a r y  c i r cu la to ry  occlusion of one h i n d  l imb,  com- 
pa r i son  of t he  labe l ing  of r ap id ly - r enewing  smal l  l y m p h o c y t e s  in the  t ib ia l  m a r r o w s  d e m o n s t r a t e d  t h a t  these  cells 
were local ly p roduced .  Labe l ing  b y  3 H - t h y m i d i n e  in fus ion  revea led  t h a t  m a n y  m a r r o w  large l y m p h o i d  cells, pre-  
s u m p t i v e  smal l  l y m p h o c y t e  p rogeni to rs ,  h a d  a m a r k e d  p ro l i fe ra t ive  a c t i v i t y  and  rap id  t u r n o v e r  wh ich  va r i ed  ac- 
co rd ing  to cell size, was  m a x i m a l  in young  mice and  decl ined w i t h  increas ing  age. 

I n b r e d  mice h a v e  been  used widely  in immuno log i ca l  
s tud ies  and  t he  bone  m a r r o w  has  been  s t rong ly  imp l i ca t ed  
as a p r i m a r y  s i te  of p r o d u c t i o n  of r ap id ly - renewing ,  
v i rg in  B smal l  l y m p h o c y t e s  3,4, b u t  the  mye logenous  
or igin of such  cells ha s  no t  been  fo rma l ly  p roven .  The  
p r e s e n t  s tudies ,  u t i l iz ing  r a d i o a u t o g r a p h y  w i t h  ~H- 
t h y m i d i n e ,  were the re fore  des igned  to d e m o n s t r a t e  
w h e t h e r  or no t  the  r ap id ly - r enewing  smal l  l y m p h o c y t e s  
in  mouse  m a r r o w  are local ly  p roduced ,  a n d  to e x a m i n e  
t he  p ro l i fe ra t ion  of p r e s u m p t i v e  p rogen i to r  cells in  t h i s  
species. 
3 H - t h y m i d i n e  was a d m i n i s t e r e d  sys temica l ly  to  C3H 
mice while  be ing  exc luded  f rom t he  t i ssues  of one  h i n d  
l imb  b y  t e m p o r a r y  c i r c u l a t o r y  occlusion (figure 1). The  
a p p e a r a n c e  of labe led  cells in  the  t ib ia l  m a r r o w  of b o t h  
h i n d  l imbs  was t h e n  compared .  A t  all s amp l ing  i n t e rva l s  
a f t e r  3 H - t h y m i d i n e  in jec t ion ,  a m a r k e d  d i s p a r i t y  ex is ted  
be tween  t he  smal l  l y m p h o c y t e  labe l ing  i ndex  in t h e  
m a r r o w  of t he  2 l imbs.  The  c u s t o m a r y  rap id  increase  in 
sma l l  l y m p h o c y t e  labe l ing  was shown  only  in t he  m a r r o w  
t h a t  h a d  in i t i a l  access to  t he  in jec ted  ~ H - t h y m i d i n e  
(figure 1), i nd i ca t i ng  t h a t  t he  a c c u m u l a t i o n  of labeled  
smal l  l y m p h o c y t e s  was d e p e n d e n t  u p o n  t he  in i t i a l  
l abe l ing  of local ly  s i t u a t e d  p recurso r  cells. If  t he  labeled  
m a r r o w  smal l  l y m p h o c y t e s  were b lood-borne  i m m i g r a n t s  
t h e y  would  be  expec t ed  in s imi la r  n u m b e r s  and  labe l ing  

in tens i t i e s  in b o t h  t ib ia l  mar rows ,  because  each  l imb  h a d  
access to  labeled,  c i r cu la t ing  cells for up  to 3 days .  
A t r a n s i t o r y  a p p e a r a n c e  of smal l  n u m b e r s  of weak ly  
labeled  smal l  l y m p h o c y t e s  in  t he  in i t i a l ly  occ luded 
m a r r o w  (figure 1) can  be a t t r i b u t e d  to t he  local  reu t i l iza-  
t ion  of c i rcu la t ing  3 H - t h y m i d i n e  labeled  p roduc t s .  T h a t  
the  t e m p o r a r y  vascu la r  s tas is  h a d  not ,  in itself, i m p a i r e d  
the  local  r enewal  of m a r r o w  smal l  l ympt locy t e s  was  
d e m o n s t r a t e d  b y  sub jec t i ng  mice  to t he  s t a n d a r d  l i m b  
occlusion p rocedure  sho r t l y  a f t e r  3 H - t h y m i d i n e  h a d  
been  a d m i n i s t e r e d  a n d  c leared f rom t h e  c i r cu la t ion :  
48 h a f t e r  a H - t h y m i d i n e  in j ec t ion  the  labe l ing  i ndex  of 
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