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of wood shavings .  P u r i n a  l a b o r a t o r y  chow and  t a p  w a t e r  
were ava i l ab le  to  t h e  mice  ad  l ib i tum.  R o o m  t e m p e r a t u r e  
was c o n s t a n t  a t  22~ and  a 12-h p h o t o p e r i o d  was ma in -  
t a ined .  

Nematospiroides dubius exposure  was  accompl i shed  b y  
s t o m a c h  i n t u b a t i o n  of t h e  desi red n u m b e r  of larvae.  Eggs  
of iV. dubius were cu l tu red  to  in fec t ive  larxrae f rom the  
fecal pel le ts  of ' source '  mice accord ing  to  t he  m e t h o d  of 
CROSS a n d  SCOTTg. 

P redn i so lone  ace t a t e  a d m i n i s t e r e d  i.p. a t  a dose of 1 
r ag /day  for 4 days  pr io r  to  exposure  w i t h  v i r u l e n t  N. 
dubius l a rvae  was used to  i m m u n o s u p p r e s s  the  mice. 
Af te r  exposure ,  p redn i so lone  (1 mg) was a d m i n i s t e r e d  
e v e r y  o the r  d a y  for  10 days  to  m a i n t a i n  i m m u n o -  
suppress ion.  

Results and discussion. Feca l  f loa ts  for  eggs, us ing  
NaCl-specif ic  g r a v i t y  of 1.20, were pos i t ive  on  d a y  10 
pos t - exposu re  a n d  r e m a i n e d  pos i t ive  as long as s te ro id  

Infectivity of N. dubuis for steroid-treated and non-steroid-treated 
P. ma~ciculatus 

Group No. of mice Treatment ResuIts 

12-weeks  ~5 E x p o s u r e  wi th  No infec t ion  
200 in fec t ive  l a r v a e  

12-Weeks  5 E x p o s u r e  wi th  No infec t ion  
500 in fec t ive  l a r v a e  

12-Weeks  4 E x p o s u r e  wi th  No in fec t ion  
800 in fec t ive  l a r v a e  

8 - W e e k s "  10 E x p o s u r e  w i th  No infec t ion  
200 infec t ive  l a r v a e  

8 - W e e k s "  10 ' S te ro id  t r e a t m e n t -  In fec t ion  es t ab -  
exposure  b l i shed r a n g e  
wi th  200 infec t ive  (120-180 w o r m s  
l a r v a e  r e c o v e r e d  as  adul t s )  

1 2 - W e e k s .  10 S te ro id  t r e a t m e n t -  In fec t ion  es tab-  
exposu re  l i shed r a n g e  
wi th  200 in fec t ive  (120-180 w o r m s  
l a r v a e  r e c o v e r e d  as adul t s )  

,Groups were repeated with the same results. ~lmg/day i.p. for 4 
days prior to challenge, then on alternate days for a period of 10 
days. 

t r e a t m e n t  c o n t i n u e d  (see Table) .  However ,  fecal f loats  
b e c a m e  n e g a t i v e  w i t h i n  10 days  a f te r  t h e  t e r m i n a t i o n  of 
s tero id  t r e a t m e n t .  

F r o m  th i s  work  a n d  t h a t  of p rev ious ly  m e n t i o n e d  
inves t iga tors ,  we conclude  t h a t  P. maniculatus is n o t  a 
n a t u r a l  hos t  for  N. dubius. Indeed ,  i t  is t he  on ly  mouse  
s t r a in  of t he  m a n y  t e s t ed  in our  l a b o r a t o r y  t h a t  d e m o n -  
s t r a t e d  th i s  s t a t e  of increased  res is tance.  I n  th i s  regard,  
P. maniculatus v e r y  m u c h  resembles  t he  ra t ,  as infec t ion  
in th i s  r o d e n t  can  on ly  be  e s t ab l i shed  w i t h  t he  use of 
s teroids  ~~ The  exac t  m e c h a n i s m  of s tero id  ac t ion  is 
u n k n o w n ;  howeve r  t he  mouse  is ca tegor ized  as a s teroid  
sens i t ive  a n i m a l  11. Also, a s h a r p  decrease  in c i rcu la t ing  
l ymphocy te s ,  ha l f  t h a t  of n o r m a l  levels,  was  seen in P .  
maniculatus mice i m m u n o s u p p r e s s e d  b y  prednisolone.  
These  his tological  even t s  are v e r y  s imi lar  to  those  seen in 
some v i ra l  in fec t ions  of mice ~2. Th i s  ev idence  leads us to  
specula te  t h a t  N. dubius in fec t ion  occurs  n a t u r a l l y  
on ly  w h e n  t he  Peromyscus mouse  is suff ic ient ly  i m m u n o -  
suppressed,  p e r h a p s  b y  a c o n c u r r e n t  v i ra l  or pa ras i t i c  
infect ion.  S u p p o r t  for  t he  l a t t e r  specu la t ion  comes  f rom 
the work of COLWELL and WESCOTT ~3 who showed that 
N. brasiliensis in fec t ion  of mice was p ro longed  b y  a con-  
c u r r e n t  in fec t ion  of N. dubius. A p p a r e n t l y  a n y  n a t u r a l  
res i s tance  of t he  mouse  aga ins t  in fec t ion  w i t h  N. brasi- 
liensis was suppressed  b y  t h e  presence  of N. dubious. 

W e  bel ieve t h a t  t h e  i nab i l i t y  to  infec t  P. maniculatus 
w i t h  N. dubius is due  to t h e  increased n a t u r a l  res i s tance  
of t h e  mouse  a n d  n o t  to  an  a d a p t a t i o n  of t he  pa ra s i t e  
because  of l a b o r a t o r y  passage  as specu la ted  b y  some 
au thors .  One possible  r eason  for t he  increased  n a t i v e  
res i s tance  of t h i s  mouse  is t he  t e n d e n c y  to  avo id  inbreed-  
ing as ev idenced  b y  our  work  and  t h a t  of o thers '4 .  W e  
h a v e  a l r eady  d e m o n s t r a t e d  t h a t  i n b r e d  s t r a ins  h a v e  a 
decreased c a p a b i l i t y  for immuniza t ionS5;  therefore ,  t h e  
lack of i nb reed ing  in P.  maniculatus m a y  a c c o u n t  for t he  
h igh  degree of n a t i v e  res i s tance  to N. dubius infect ion.  

9 j .  H. CRoss and J. A. SCOTT, J. Parasit. 47 (Suppl), 26 (1961). 
10 j .  H. CROSS JR., J. Parasit. 46, 175 (1960). 
n H. N. CLAMA~, New EngL J. Med. 287,388 (1972). 
12 E. GARACI, JR. CALI~) and W. DJACZENKO, Experieutia 30, 358 

(1974). 
13 D. A. COLWELL and R. ]3. WESCOTT, J. Parasit. 59, 216 (1973). 
14 j .  L. HILL, Science 186, 1042 (1974). 
x5 D. C. LUEKER al~d D. I. HEPLER, J. Parasit. 61, 158 (1975). 

Undulating Tubules in Lymphocytes of an Apparently Healthy Human Donor 
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Summary. So- called ' u n d u l a t i n g  tubu le s '  were found  in t h e  b lood  l y m p h o c y t e s  of a n  a p p a r e n t l y  h e a l t h y  3B-year-old 
male.  U n d u l a t i n g  t ubu l e s  h a v e  been  n o t e d  to occur  f r e q u e n t l y  in k i d n e y  cells and  b lood l y m p h o c y t e s  of p a t i e n t s  suf- 
fer ing f rom col lagen diseases a n d  especial ly  f rom SLE.  T h e y  h a v e  been  sugges ted  to  be  a poss ib ly  p a t h o g n o m o n i c  
f ind ing  in such  diseases. Our  r e su l t  seems to  c o n t r a d i c t  such  an  associat ion.  

I n  t he  course of sys temic  e lec t ron  microscopic  e x a m i n a -  
t ions  of b lood  of p a t i e n t s  w i t h  leukemia ,  we obse rved  
u n u s u a l  t u b u l a r  inc lus ions  in t h e  c i rcu la t ing  l y m p h o -  
cytes  of a seeming ly  h e a l t h y  con t ro l  p a t i e n t .  Since s imi la r  
s t r u c t u r e s  h a v e  been  n o t e d  in l y m p h 0 c y t e s  or o t h e r  cells 
in severa l  diseases, especia l ly  in  collagenosis,  our  f ind ing  
seems to m e r i t  a br ie f  repor t .  

P e r i p h e r a l  b lood  was d r a w n  f rom the  cub i t a l  ve in  of a 
33-year-old man ,  who  was seeming ly  in good h e a l t h  and  
h a d  no  h i s t o r y  of col lagenosis  or r ecen t  v i ra l  diseases.  
Blood  s m e a r  e x a m i n a t i o n  was  no rma l .  

The  l y m p h o c y t e s  were s epa ra t ed  as follows: 1. defi- 
b r i n a t i o n  of t he  b lood  b y  s t i r r ing  for 10 ra in  a t  r o o m  
t e m p e r a t u r e ;  2. 4-fold d i lu t ion  w i t h  p h o s p h a t e - b u f f e r e d  
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a) Circulating lymphocyte of an apparently heal thy donor. In  square: tubular  structures occupying large cytoplasmic area.)< 35,800. 
b) and e) Undulat ing tubules in cross and longitudinal sections. Note circular profiles of cross-section tubules, b ) •  78,000; c)•  120,800. 
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sal ine (pH 7.2) c o n t a i n i n g  1% b o v i n e  se rum a l b u m i n ;  
3. layer  6 m 1 of th i s  b lood so lu t ion  on  t o p  of 2 ml  of a 
F i co l l -Hypaque  g r a d i e n t  (dens i ty  1.08) ; 4. c en t r i f uga t i on  
a t  2,000 x g  a n d  4~ for 20 m i n ;  5. col lect ion of t he  lym-  
phocy t e s  f rom the  in te r face  w i t h  a P a s t e u r  p ipe t te .  
T h e r e a f t e r  t h e  ceils were fixecl in  2 .5% g l u t a r a l d e h y d e  
buf fe red  w i t h  sod ium cacody la t e  for 2 h a t  4~ followed 
b y  a n  osmif ica t ion  in 1% buf fe red  o s m i um t e t r ox ide .  
The  spec imen  were d e h y d r a t e d  w i t h  g raded  e t h a n o l  and  
e m b e d d e d  in Spur r  e m b e d d i n g  med ium.  T h i n  sect ions  
were s t a ined  w i t h  u r a n y l  ace t a t e  a n d  lead c i t r a t e  a n d  
e x a m i n e d  in a Ph i t ips  e lec t ron  microscope,  model  E M  
201. L y m p h o c y t e  yields were h igher  t h a n  80 %. R e m a i n i n g  
cells were p la te le t s  and  some granulocytes .  T he  m a j o r i t y  
of these  cells were morpho log ica l ly  normal ,  h o w e v e r  
a b o u t  2% of l y m p h o c y t e s  c o n t a i n e d  u n u s u a l  inclusions.  
These  s t r u c t u r e s  were ly ing  free in  t h e  cy top l a smic  
m a t r i x  (Figure,  a a n d  b). T h e y  were u n d u l a t i n g  or e longat -  
ed, t u b u l a r  a n d  f r e q u e n t l y  closely packed ,  (Figure,  a a n d  
b). 

Dense  c i rcular  ou t l ines  r e p r e s e n t i n g  cross sect ions  of 
t h e  t ubu l e s  h a d  a n  ou te r  d i a m e t e r  of a b o u t  300 A. The  
t h i c k n e s s  of t h e  wal l  was  a p p r o x i m a t e l y  50 A. The  
t ubu l e s  genera l ly  c o n t a i n e d  a s u b s t a n c e  of low e lec t ron  
d e n s i t y  (Figure,  a, b a n d  c). The re  was no r e l a t ionsh ip  
b e t w e e n  these  t ubu l e s  and  t he  endop lasmic  r e t i cu lum or 
o t h e r  cel lular  s t ruc tu res .  

Inc lus ions ,  s imi la r  to  those  he re  descr ibed,  h a v e  
f r e q u e n t l y  been  r e p o r t e d  to  occur  in l y m p h o c y t e s  a n d  
rena l  cells of p a t i e n t s  w i t h  d i s s em i na t ed  lupus  e r y t h e m a -  
tosus  ~, and  rena l  t r a n s p l a n t s  2, in l y m p h o c y t e s  of p a t i e n t s  
w i t h  chronic  r h e u m a t i s m  a, in l y m p h o c y t e s  in  va r ious  
s y n d r o m e s  associa ted  w i t h  a n t i b o d y  deficiencies 4, a n d  
o t h e r  diseases as r ev iewed  b y  ANDRES e t  a l ) .  T he  t r ue  
n a t u r e  of these  t u b u l a r  s t r u c t u r e s  is a t  p r e s en t  no t  known.  

The  inclus ions  resemble  closely t he  ' u n d u l a t i n g  t u b u l e s '  
of cells in a v a r i e t y  of t issues in  cu l tu re  descr ibed  b y  
CHANDRA 6 and  i n t e r p r e t e d  as pa tho log ica l  secre t ions  of 
endop lasmic  re t i cu tum,  or as an  ear ly  response  to i n j u r y  7. 

On t he  o t h e r  h a n d ,  because  t h e i r  cha rac t e r i s t i c  
morpho logy ,  i t  was  sugges ted  t h a t  t h e y  r e p r e s e n t  a 
special  t y p e  of myxov i ru se s  i a n d  p e r h a p s  p l ay  a role in  
t he  e t io logy of some col lagen diseases, such  as sys temic  
lupus  e r y t h e m a t o s u s  1. 

The  i nduc t i on  of s imi la r  inclus ions  in cu l t u r ed  h u m a n  
l y m p h o i d  ceils a f t e r  a d m i n i s t r a t i o n  of h a l o g e n a t e d  
pyr imid ines ,  subs t ances  k n o w n  to  a c t i v a t e  l a t e n t  vi ruses ,  
seems f u r t h e r m o r e  to s u p p o r t  t h e i r  v i r a l  or igin s . Since 
' u n d u l a t i n g  t ubu l e s '  h a v e  been  found  to  occur  in  h i g h  
f r equency  in b iopsy  m a t e r i a l  f rom p a t i e n t s  w i t h  lupus  
e r y t h e m a t o s u s ,  a n d  in b lood l y m p h o c y t e s  of r ena l  
t r a n s p l a n t  pa: t ients  3, t h e y  are  cons idered  to  be  p a t h o g n o -  
monic  for these  diseases 1. Our  f indings,  however ,  con f i rmed  
those  of BESSlS 9 a n d  showed t h a t  also a p p a r e n t l y  h e a l t h  
donors  m a y  show in l y m p h o c y t e s  ' u n d u l a t i n g  tubu les ' .  
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Inhibit ion by Syngenic Erythrocytes of in vitro Growth of Colonies from Murine Bone Marrow Cells 
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Summary. The  g r o w t h  of colonies f rom m u r i n e  bone  m a r r o w  cells in  sof t  agar  cu l tu res  was found  to be  i n h i b i t e d  b y  
0.1 ml  or more  50% w a s h e d  syngenic  e r y t h r o c y t e  suspens ion  pe r  1.2 ml  cu l tu re  vo lume.  

I t  has  been  obse rved  b y  BRADLEY et  al. I, ~ t h a t  t he  
a d d i t i o n  of syngenic  or  xenogen ic  e r y t h r o c y t e s  to  sof t  
aga r  cu l tu res  of m u r i n e  h a e m o p o i e t i c  celts increased  t he  
n u m b e r  a n d  size of g r anu locy t i c  a n d / o r  m a c r o p h a g e  
colonies. E n h a n c e m e n t  of co lony  f o r m a t i o n  was found  
even  a t  t he  m a x i m a l  c o n c e n t r a t i o n  tes ted ,  i.e. a t  a b o u t  
0.03 ml  50% e r y t h r o c y t e  suspens ion  pe r  ml  cu l tu re  
med ium.  The  p r e sen t  e x p e r i m e n t s  show t h a t  syngenic  
e ry th rocy te s ,  w h e n  added  to  sof t  aga r  cu l tu res  of m u r i n e  
bone  m a r r o w  in q u a n t i t i e s  of a b o u t  0.1 ml  or  more  50% 
e r y t h r o c y t e  suspens ion  pe r  ml  cu l tu re  vo lume,  i nh ib i t  
t he  g r o w t h  of colonies. 

Materials and methods. 2- to  4 - m on t h - o l d  (BALB/c  • 
C B A ) F  1 mice  of b o t h  sexes were used. Bone  m a r r o w  cells 
were w a s h e d  ou t  of t he  f emur  wi th ,  a n d  suspended  in 
McCoy 's  5A m e d i u m  (see later) .  B lood  was t a k e n  b y  
ca rd iac  p u n c t u r e  a n d  a n t i c o a g u l a t e d  w i t h  p r e s e r va t i ve  
free h e p a r i n  or de f ib r ina ted .  T he  e r y t h r o c y t e s  were 
washed  th r i ce  w i t h  H a n k s '  so lu t ion  w i t h  an  a t t e m p t  to  
r e m o v e  b u f f y  coa t  cells a f t e r  each  cen t r i fuga t ion .  The  
packed  e r y t h r o c y t e s  were r e suspended  f ina l ly  in  an  equa l  
vo lume  of McCoy's  5A med ium.  

F o r  c u l t u r i n g  haemopo ie t i c  colonies, McCoy's  5A 
modif ied  m e d i u m  (Grand  I s l and  Biological  Co., G r a n d  
I s land ,  N.Y.)  was  supp l emen ted ,  accord ing  to  ROBINSON 
a n d  PIKE 3, w i t h  t he  on ly  modi f i ca t ion  t h a t  20% horse  
s e rum was used ins t ead  of 15% fe ta l  calf  serum.  Bone  
m a r r o w  cells, aga r  to  a f ina l  c o n c e n t r a t i o n  of 0.3%, and  
t h e  ma te r i a l s  to  be  t e s t ed  (e ry throcytes ,  etc.) were added  
to  t h e  above  med ium.  1 ml  a l iquo t s  of t h i s  m i x t u r e  were 
p laced  in to  40 m m  glass P e t r i  dishes,  to  wh ich  0.2 m l  per  
d ish  L cell cond i t ioned  m e d i u m  h a d  been  added  as source 
of an  o p t i m a l  a m o u n t  of co lony s t i m u l a t i n g  ac t iv i ty .  
Af te r  7 days  of i n c u b a t i o n  a t  37 ~ in humid i f i ed  air  w i t h  
3% CO 2 accord ing  to FIRKET 4, aggrega tes  of a t  l eas t  50 
cells were coun t ed  as colonies u n d e r  a d issec t ing  micro-  
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