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Multiple Sclerosis: Lymphocyte Transformation 

There  h a v e  been  severa l  r ecen t  r epo r t s  t h a t  l y m p h o -  
cytes  f rom p a t i e n t s  w i t h  mul t ip le  sclerosis are  t r a n s f o r m e d  
in cu l tu re  b y  ce rebrosp ina l  f luid a n d  b y  encepha l i togen ic  
p ro te ins  t-5. The re  h a v e  also been  repor t s  cha l l eng ing  
these  resu l t s  ~-I0. W e  are c u r r e n t l y  s t u d y i n g  th i s  pheno-  
m e n o n  a n d  r e p o r t  here  t he  resul t s  of two  p r e l i m i n a r y  
expe r imen t s .  

Vo lun t ee r  b lood  donors  were n o r m a l  i nd iv idua l s  f rom 
the  l abora to ry ,  p a t i e n t s  of p r i v a t e  phys ic ians  a n d  p a t i e n t s  
f rom the  r e h a b i l i t a t i o n  w a r d  of a local hospi ta l .  Hepa r in -  
ized samples  (20 ml) were processed b y  s l ight  modif ica-  
t ions  of t h e  t e c h n i q u e  descr ibed  b y  HASTINGS et  al. u and  
HIRSCHHORN et  al. t2. Cul tu re  fluid was Eagles  m i n i m a l  
m e d i u m  s u p p l e m e n t e d  w i t h  g l u t a m i n e  (2 btg/ml), s t rep to-  
myc in  (50 tzg/ml), n e o m y c i n  (75 [*g/ml) and  20% fe ta l  
calf  serum.  Cul tu re  vessels were 10 ni l  v ia ls  sealed w i t h  
si l icone r u b b e r  s toppers .  E a c h  cu l tu re  h a d  a v o l u m e  of 
3 ml  and  c o n t a i n e d  ca. 3 • 106 l y m p h o c y t e s  (most  o the r  
leucocytes  were r e m o v e d  b y  pr ior  i n c u b a t i o n  on glass for 
1 h). Af te r  i n c u b a t i o n  a t  37 ~ for 70 h, 0.1 ml  of a 15.5 txg/ 
ml  so lu t ion  of v i n b l a s t i n e  sulfa te  was  added ,  a n d  incuba -  
t i on  was c o n t i n u e d  for 2 h. Cells, ha rves t ed ,  fixed, and  
dr ied on  cover  slips as descr ibed b y  HASTINGS et  al .  11, 

Table  I. Blastogenic effect of bovine spinal cord ant igen on h u man  
blood lymphoey tes  f rom normals  and from pat ients  with mult iple 
sclerosis 

Donor 

Large  cells + mitoses 

With ant igen Without  
antigen 

(p.g/inl) (%) (%) 

Normals 

W.T. 25 0.7 1.1 

R.S. 25 1.5 0.6 

fiB. 25 1.5 0.7 
50 1.2 1.1 

W.O. 25 1.5 1.1 

by Basic Protein from Bovine Spinal Cord 

were s t a ined  b y  t he  G iemsa  or M a y - G r u n w a l d - G i e m s a  
me thod .  

iViicroscopic e x a m i n a t i o n  revea led  v e r y  few mi toses  be-  
cause  of t he  sho r t  i n c u b a t i o n  period.  To avoid  t he  poss ible  
a m b i g u i t y  of dec id ing  w h e t h e r  a cell was  a l y m p h o c y t e  or 
an  ear ly  b l a s to id  form, we chose to  ca r ry  ou t  d i f fe ren t ia l  
coun t s  based  on  size only.  Cells were j udged  to  be  smal l  
if t h e y  were smal le r  t h a n  8.8 ~ in d i a m e t e r ;  o the r  cells 
were j udged  to  be  large. A b o u t  400 cells were coun t ed  on  
each  slide a n d  4 slides were coun t ed  for a t o t a l  of a b o u t  
1600 cells, excep t  in  a few ins tances  in  t he  f i rs t  e x p e r i m e n t  
w h e n  on ly  2 slides were counted .  Slide to  slide v a r i a t i o n  
was usua l ly  w i t h i n  t h e  expec t ed  b i n o m i a l  l imits ,  and  t h e  
pe rcen tages  r epo r t ed  in t he  Tab les  were ca lcu la ted  f rom 
the  pooled counts .  

Def in ing  b las togenes i s  ope ra t iona l ly  in  t e r m s  of cell 
size has  the  a d v a n t a g e  of m a k i n g  t he  cell coun t s  more  
objec t ive .  U n f o r t u n a t e l y ,  t he  dif ference be tween  s t imu-  
la ted  and  con t ro l  cu l tu res  is t h e n  b iased  t o w a r d  be ing  
smal le r  t h a n  t r ue  value,  s ince t he  fo rmer  con ta in  more  
b l a s to id  cells wh ich  are s l ight ly  too smal l  for the  def in i t ion  
t h a n  do the  la t te r .  Encepha l i t ogen i c  c rude  basic  p ro t e in  
used as an t i gen  was der ived  from b o v i n e  sp ina l  cord a n d  
has  been  descr ibed previously~a. 

I n  t he  f i rs t  expe r imen t ,  a s imple  ques t ion  was posed,  
namely ,  do l y m p h o c y t e s  f rom a n y  mul t ip le  sclerosis 
p a t i e n t  show t r a n s f o r m a t i o n  in cu l tu re  w i t h  a sp ina l  cord  
an t igen  ? L y m p h o c y t e s  f rom 4 n o r m a l  ind iv idua l s  a n d  7 
p a t i e n t s  w i t h  mu l t ip l e  sclerosis were cu l tured ,  a n d  t he  
resul t s  are shown  in Tab le  I. The  answer  to  the  ques t ion  
was unequ ivoca l ;  l y m p h o c y t e s  f rom some mul t ip l e  
sclerosis p a t i e n t s  are t r ans fo rmed ,  and  in th i s  p a r t i c u l a r  
group of p a t i e n t s  all  r esponded .  The  resul t s  d e n m n s t r a t e  
t h a t  work  w i t h  bov ine  an t igens  can  be  appl ied  to t he  
h u m a n  problem,  and  t h e y  are cons i s t en t  w i th  and  for t i fy  
t he  hypo thes i s  t h a t  mul t ip le  sclerosis is an  in lmunolog ica l  
disease. 

The  obvious  poss ib i l i ty  t h a t  th i s  t e s t  m i g h t  h a v e  
po t en t i a l  as a d iagnos t i c  aid was e x a m i n e d  in one addi -  
t i ona l  expe r imen t .  Blood samples  were processed ' b l i nd '  
f rom p a t i e n t s  wi th  va r ious  disorders ,  and  the  resul t s  are 
r epo r t ed  in Tab le  I I .  i n  t he  mul t ip le  sclerosis group,  
l y m p h o c y t e s  f rom some p a t i e n t s  responded ,  some did not .  
In  the  non -mu l t i p l e  sclerosis g roup  the re  were also re- 
sponders ,  and  these  fell in to  2 sub-groups ,  those  w i t h  

Multiple sclerosis pat ients  

M.H. 3.3 5.6 ~ 0.8 
10 5.5 ~ 
30 5.8 ~ 
90 5.4 ~ 

C.N. 5 34.3 ~ 16.6 
50 42.1 '~ 

K.H.  5 3.4 ~ 0.7 
50 10.3~ 

A.T. 5 9.9 a 2.5 
50 8.0 ~ 

E.G. 5 30.2~ 16.7 
50 19.4 

S. 5 31.2 ~ 10.6 
50 3.0 ~ 

R.B. 5 5.5 ~ 1.5 
50 8.8 ~ 

Chi-square test, P < 0.001. 
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Table II. Btastogenic effect of bovine spinal cord antigen on human 
blood lymphoeytes from a variety of hospital patients 

Sex Age Reason for confinement Percentage large cells + 
mitoses 

No With antigen 
antigen (~zg/ml) 

5 50 

c~ 34 Multiple sclerosis 2.63 5.59 ~ 7.69 �9 
c~ 19 Multiple sclerosis 1.60 3.27 b 3.91 ~ 
d7 46 Multiple sclerosis 0.81 1.00 3.33 ~ 
(~ 55 Advanced multiple sclerosis 1.18 1.69 2.12 

53 Multiple sclerosis ? 0.69 0.63 0.94 
Parkinsonism ? 

36 Advanced multiple sclerosis 1.00 0.87 1.51 
c~ 50 Multiple sclerosis 1.62 3.37 b 2.19 
c~ 59 Tuberculosis, diabetes 2.37 2.06 2.43 
c~ 63 Leukemia 1.19 1.67 1.50 

44 Pain, unknown etiology 2.31 2.81 1.24 
c~ 49 Open heart surgery 1.61 1.50 2.62 

50 Cerebrovaseular accident 1.12 1.25 2.75 b 
c~ 55 Cord lesion (cyst ? 0.44 - 2.25 �9 

syringomyelia ?) 
83 Fracture 1.06 3.13 ~ 2.87 ~ 
77 Osteoarthritis 1.31 1.81 5.24" 

c~ 81 Tumor of spine? 1.8I 5.I8~ 4.62 ~ 

Chi-square test compared to control, P < 0.001. ~ Chi-square test, 
0.001 < P < 0.01. 

cent ra l  nervous  lesions and  those  in the i r  e igh th  or n i n t h  
decade of life. The  la t t e r  raises an in teres t ing  geriatr ic 
ques t ion  which d e m a n d s  fu r the r  invest igat ion.  

"With such l imi ted  da t a  one is unwill ing to  generalize 
broadly,  bu t  our  results  are fully cons is ten t  wi th  those of 
HUGHES et al. 5 who repor ted  t h a t  l ymphocy te s  f rom 
pa t i en t s  w i th  mul t ip le  sclerosis are t r ans fo rmed  when  
cul tured  in the  presence of an encephal i togenie  protein ,  
no t  d ramat ica l ly  bu t  to  a grea ter  e x t e n t  t h a n  those f rom 
pa t i en t s  With o the r  neurological  disease and those f rom 
normals  14. 

Rdsumd. On a cons ta t6  de la blastogenSse dans  une 
cul ture  de prot6ine  enc6phal i tog~ne de moelle 6pini6re 
bovin  faite avec des l y m p h o c y t e s  de malades  a t t e in t s  de 
scl6rose en p laques  ou p r6sen tan t  des 16sions du syst6me 
ne rveaux  central ,  ou encore ag6s de plus de 70 ans. 

j .  A. BROCKMAN and A. V. STIFFEY 
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C o m p a r a t i v e  S t u d y  of the  U l t r a s t r u c t u r e  and H o r m o n a l  Content  of  the  P r o x i m a l  and Dista l  S t u m p s  
of the  T r a n s e c t e d  N e u r o s e c r e t o r y  H y p o t h a l a m o - H y p o p h y s i a l  S y s t e m  1 

The  h y p o t h a l a m u s  is l inked  to  the  neural  lobe of t he  
hypophys i s  via t h e  h y p o t h a l a m o - n e u r o h y p o p h y s i a l  t rac t .  
Wi th in  the  axons  of th is  t r a c t  neurosecre tory  ma te r i a l  - 
t he  po lypep t ide  ho rmones  oxy toc in  and  vasopress in ,  
and  a carrier  p ro te in  (neurophysin)  - which  can his to-  
logically be d e m o n s t r a t e d  b y  a posi t ive  Gomori  reac t ion  
is carr ied b y  a p rox imo-d i s t a l  axoplasmic  flow from the  
syn thes iz ing  per ika rya  in to  the  neural  lobe of the  hypo-  
phys i s  where  i t  is s tored  and released 2,3. 

Af ter  t r ansec t ion  of the  h y p o t h a l a m o - n e u r o h y p o p h y s i a l  
t r ac t  an  increased a m o u n t  of Gomori  pos i t ive  subs tance  is 
no t  only observed  in the  p rox ima l  s t u m p  b u t  also in t he  
distal stump 4-s. As it  is ve ry  unlikely t h a t  neurosecre tory  
mate r ia l  is p roduced  wi th in  d isconnected  axons  and as 
the  l ight  microscope alone could not  give a sa t i s fac to ry  
exp lana t ion  for t he  observed  phenomenon ,  the  p resen t  
s tudies  were carried, out.  

For  t he  u l t r a s t ruc tu ra l  s tudies  3 grass frogs (Rana 
pipiens) were sacrif iced a t  each of the  fol lowing t ime  
per iods  following t r ansec t ion  of the  p rox imal  neuro-  
hypophys is~:  6, 12, 24, 36, 48 h, 6 and 9 days ;  7 s h a m  
opera ted  animals  served as controls.  Af te r  decapi ta t ion ,  
f ixa t ion  of t he  s t u m p s  was achieved by  di rect  appl ica t ion  
and  vent r icu la r  perfus ion of a threefold  a ldehyde  mix-  
ture  9 in which  the  dissected t issue remained  for 2 h ;  th is  
procedure  was  followed by  2 h pos t f ixa t ion  in 1% osmium 
te t rox ide  (pH 7.2), en bloc s ta in ing  wi th  uranyl  ace ta te  10, 
embedd ing  into ara ld i te  502, and s ta ining of t he  sect ions 
wi th  lead c i t ra te  11. 

The pharmacologica l  ex t r ac t s  were ob ta ined  f rom 2 
groups of 6 an imals  (controls and  6 h), 2 groups of 7 and  
6 an imals  (1 day),  2 groups  of 8 and  7 an imals  (2 days),  
1 group of 6 an imals  (9 days),  and 1 group of 3 animals  
(15 days) by  pooling and homogeniz ing  in 0.25% acetic 
acid a t  0 ~ the  p rox imal  ( including the  h y p o t h a l a m u s  
caudal  to the  opt ic  chiasm) and  the  dis ta l  s t u m p  (includ- 
ing the  med ian  eminence) separa te ly  for each group. 
F u r t h e r  t r e a t m e n t  of the  homogena te s  included immer-  
sion in boil ing w a t e r  for 3 rain and  subsequen t  centr i fuga-  
t ion at  3000 r p m  for 10 min. The bioassays  1~ [(2 + 2)j assay 
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