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P R O  EXPERIMENTI S 

The unmasking of antigens in paraffin sections of tissue by trypsin 

R. C. C u r r a n  a n d  J.  Gregory  
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Summary. Para f f i n  sec t ions  of op t ima l ly  f ixed t issues  o f ten  fail to r eac t  i m m u n o h i s t o c h e m i c a l l y .  S h o r t  (15-30 min)  
exposure  of t he  sect ions  to  0 .1% t r y p s i n  so lu t ion  p roves  to  be  a v e r y  effect ive  m e t h o d  of ' u n m a s k i n g '  t h e  ant igens .  

The  un labe l l ed  a n t i b o d y  pe rox idase -an t ipe rox idase  (PAP) 
sequence  ha s  p r o v e d  to  be  a sens i t ive  m e t h o d  for d e m o n -  
s t r a t i n g  an t i gens  in pa ra f f in  sect ions  of t issue.  H o w e v e r  
t he  resu l t s  t e n d  to be  u n p r e d i c t a b l e  a n d  are o f t en  un-  
e x p e c t e d l y  nega t ive ,  as in  a r ecen t  s t u d y  of t he  dis t r i -  
b u t i o n  of i m m u n o g l o b u l i n  ( Ig ) -con ta in ing  cells in h u m a n  
tons i lL  I t  was found  t h a t  t he  P A P  sequence  fai led to 
d e m o n s t r a t e  I g - c o n t a i n i n g  cells in  t i ssues  f ixed i n  solu- 
t ions  w h i c h  gave  exce l len t  p r e s e r v a t i o n  of h is to logica l  
s t ruc tu re ,  whereas  t he  same  p rocedure  revea led  large  

Fig: 1. Tonsil, fixed for 24 h in glutaraldehyde/formalin/caleium" 
acetate solution. Paraffin section of crypt epithelium showing IgG- 
containing cells (black). Section treated with trypsin prior to the 
PAP sequence. Counterstained haematoxylin. • 680. 

n u m b e r s  of I g - c o n t a i n i n g  cells in t h e  same t issues  when  
t h e y  were f ixed in r e l a t ive ly  ' c rude '  f ixa t ives  such  as 4 %  
f o r m a l d e h y d e  in sal ine or water .  T h e  r eagen t s  in  the  P A P  
sequence  are  large p ro t e i n  (an t ibody)  molecules  wh ich  
h a v e  to  gain  access to  t h e  t a r g e t  an t igen  w i t h i n  t h e  t issues,  
an d  i t  was  sugges ted  1 t h a t  t h e  more  re f ined  f ixa t ives  
' m a s k e d '  t h e  a n t i g e n  b y  p rese rv ing  t h e  i n t e g r i t y  of the  
cells an d  t i ssues  a n d  t h e r e b y  r educ ing  the i r  pe rmeab i l i t y .  
Converse ly ,  t h e  c rude r  f ixa t ives  succeeded i m m u n o -  
h i s tochemica l ly  because  t h e y  were  less effect ive a t  
p r e se rv ing  cell an d  t i ssue  s t ruc tu re .  On th i s  a s sumpt ion ,  
an d  in t h e  knowledg  e t h a t  t r y p s i n  d iges t ion  has  been  
used  to ' i m p r o v e '  i m m u n o f l u o r e s c e n t  s t a in ing  in para f f in  
sect ions  2, an  a t t e m p t  was m a d e  to  u n m a s k  t h e  an t i gen  
(Ig) b y  use of t h i s  enzyme.  
Materials and methods. 3 spec imens  of h u m a n  tons i l  a n d  
10 of l y m p h o m a t o u s  l y m p h o i d  t i ssue  were fixed for 
24 h a t  20~ in buf fe red  4 %  f o r m a l d e h y d e  so lu t ion  
p r epa red  f rom ' p a r a f o r m a l d e h y d e '  3 to  which  3% sucrose 
was some t imes  added,  or in g l u t a r a l d e h y d e / f o r m a l i n /  
ca lc ium ace t a t e  so lu t ion  4 for 2 or  24 h a t  20 ~ 'Cont ro l '  
t i ssues  were f ixed for 24 h a t  20~ in 4% f o r m a l d e h y d e  
in wa te r  or  phys io logica l  (0.85%) saline.  The  t issues were 
t h e n  processed to  pa ra f f in  wax.  Sect ions  5 ~tm th i ck  were 
cu t  an d  i n c u b a t e d  a t  37 ~ w i th  0 .1% t r y p s i n  so lu t ion  (pH 
7.8) 2 for per iods  r a n g i n g  f rom 1 m i n  to 3 h. T h e y  were 
t h e n  sub j ec t ed  to t h e  P A P  sequence  1, in w h i c h  the  sec- 
t ions  were i n c u b a t e d  a t  20~ for 30 m i n  w i t h  each  of t he  
fol lowing r eagen t s :  r a b b i t  a n t i h u m a n  Ig a n t i s e r u m  5 a t  
va r ious  d i lu t ions ;  swine a n t i - r a b b i t  Ig s e rum 5 1 in 80; 
P A P  complex  5 1 in  40;  fol lowed b y  0 .05% d iamino-  
benz id ine -pe rox ide  so lu t ion  for 5 m i n  to give a b rown  
reac t ion  p roduc t .  
Results. I t  was  found  t h a t  a f t e r  t r y p s i n  t r e a t m e n t  Ig-  
c o n t a i n i n g  cells could  be  d e m o n s t r a t e d  in large n u m b e r s  
in  t issues wh ich  were p rev ious ly  u n r e a c t i v e  (figures 1 a n d  
2). The  o p t i m u m  t i m e  for t r y p s i n  t r e a t m e n t  was  genera l ly  
a b o u t  15 m i n  for t i ssues  f ixed in g l u t a r a l d e h y d e / f o r m a -  
l in /ca lc ium ace t a t e  so lu t ion  a n d  a r o u n d  30 m i n  for those  
f ixed in fo rma ldehyde ,  b u t  i n c u b a t i o n  for on ly  1 m i n  
of ten  h a d  a r ead i ly  de t ec t ab l e  effect.  W h e n  sect ions  of 
con t ro l  t issues,  in  which  I g - c o n t a i n i n g  cells were d e m o n -  
s t r ab le  w i t h o u t  p r io r  e n z y m e  t r e a t m e n t ,  were i n c u b a t e d  
w i t h  t ryps in ,  t h e  n u m b e r  of I g - c o n t a i n i n g  ceils increased 
m a r k e d l y  an d  t h e  q u a n t i t y  of r eac t i on  p r o d u c t  w i t h i n  
each  cell was  m u c h  g rea te r  t h a n  in n o n - t r y p s i n i z e d  
sections.  T h e  o p t i m u m  t i t r e  for t h e  f i rs t  s tage of t h e  
i m m u n o h i s t o c h e m i c a l  sequence  ( r ab b i t  a n t i h u m a n  Ig) 
was  also m u c h  higher ,  o f ten  1 in 8000 (0.3 ~g m1-1) or 

Fig. 2. Same site in adjacent section, without trypsin treatment. 
No IgG-eontaining cells visible. PAP sequence. Counterstained 
haematoxylin, x 680. 
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more.  P e r h a p s  as a resu l t  of th i s  increase  in sens i t iv i ty ,  
nonspeCific r eac t ions  were weaker .  W a s h i n g  in buf fe r  for  
12-18 h a t  4~ also d i m i n i s h e d  nonspeci f ic  reac t ions .  
I n i t i a l l y  va r ious  'glues ' ,  i nc lud ing  a lbumen ,  gela t in  a n d  
a ra ld i te ,  were used  to p r e v e n t  t h e  sect ions  f loa t ing  off t h e  
slides d u r i n g  t he  per iod  of t r e a t m e n t  w i t h  t r y p s i n  b u t  t h e  
s h o r t  i n c u b a t i o n  t i m e s  in t he  e n z y m e  so lu t ion  m a d e  t h e i r  
use unneces sa ry .  W h e n  e n z y m e  t r e a t m e n t  was  op t imal ,  
t he  exce l l en t  p r e s e r v a t i o n  of t h e  his to logical  s t r u c t u r e  
was una f f ec t ed  a n d  t he  sec t ions  r eac ted  to  h igh  t i t r e s  
w i t h  t he  P A P  sequence  w i t h  v e r y  l i t t le  non-specif ic  
s ta in ing .  The  resu l t s  o b t a i n e d  w i t h  t r y p s i n - t r e a t e d  
t i ssues  f ixed in g l u t a r a l d e h y d e / f o r m a l i n / c a l c i u m  a c e t a t e  
so lu t ion  were  p a r t i c u l a r l y  impress ive .  
Discussion. I n  i m m u n o h i s t o c h e m i s t r y ,  pr ior  f i xa t ion  he lps  
to  s top  an t i gens  di f fus ing a w a y  f rom the i r  sites w i t h i n  
t h e  t i ssues  a n d  b y  p rese rv ing  t he  s t r u c t u r a l  i n t e g r i t y  of 
t h e  t i ssue  fac i l i t a tes  de ta i l ed  h is to logica l  s tudy .  Neve r -  
the less  i t  is we l l -known  t h a t  f i xa t ion  of ten  r enders  a 
t i ssue  immuno log ica l l y  u n r e a c t i v e  a n d  i t  t ends  to be 
a s s u m e d  t h a t  t h e  f ixa t ive  ha s  e i t he r  de s t royed  the  a n t i g e n  
or  a l lowed i t  t o  diffuse away.  The  ease w i t h  w h i c h  t r y p s i n  
u n m a s k s  a n t i g e n  suggegts t h a t  w h e n  carefu l ly- f ixed  
t i ssue  fails to  r e a c t  immunolog ica l ly ,  t he  cause  is more  
l ike ly  to be  f i xa t i ve - induced  i m p e r m e a b i l i t y  of t he  t i ssue  
r a t h e r  t h a n  ac tua l  loss or d e s t r u c t i o n  of t he  an t i gen  b y  

t h e  f ixa t ive .  T r y p s i n  p r e s u m a b l y  ac ts  b y  caus ing  some 
d i s rup t ion  of t i ssue  s t r u c t u r e  b u t  t h i s  ap p ea r s  to  be a t  
t h e  u l t r a s t r u c t u r a l  or molecu la r  level  since i t  is n o t  
a p p a r e n t  in  t h e  l igh t  microscope in sect ions  op t ima l ly  
exposed  to t h e  enzyme.  I t  is d i f f icul t  to  pos tu l a t e  a 
specific site of ac t ion  for t ryps in ,  p a r t i c u l a r l y  in  v iew of 
t h e  fac t  t h a t  o t h e r  e x p e r i m e n t s  h a v e  s h o w n  t h a t  s ial idase 
(100 U m1-1 a t  p H  5.5) a n d  s t r e p t o k i n a s e  (100 I U  ml -~ a t  
p H  7.8) can  be used in s t ead  of t r y p s i n  b u t  w i t h  r a t h e r  
less effect. W h a t e v e r  t h e  ac t ion  of t h e  en zy mes  on t h e  
t issues,  i t  is u n d o u b t e d l y  fac i l i t a t ed  b y  t h e  fac t  t h a t  t h e  
r eac t ions  in  t h e  P A P  sequence  t ake  place on  t h e  surface  
of the  t i ssue  sect ion,  as can  be s h o w n  b y  c u t t i n g  a sect ion 
of a sec t ion  which  has  been  t r e a t e d  in t h i s  w ay  (unpub-  
l ished observa t ions ) .  The  e n z y m e  would  the re fore  on ly  
h a v e  to  ' e t ch '  t h e  surface of t h e  sect ion of t i ssue  in order  
to  inf luence  i ts  respons iveness ,  a n d  t h e  sho r t  i n c u b a t i o n  
t imes  t e n d  to  con f i rm  this .  The  o t h e r  e x p e r i m e n t s  also 
showed  t h a t  t r y p s i n  can  u n m a s k  an t igens  o t h e r  t h a n  Ig, 
inc lud ing  c a r c i n o - e m b r y o n i c  a n t i g e n  in ca rc inomas  of 
b r e a s t  an d  colon a n d  the  ~ s u b u n i t  of h u m a n  chor ionic  
g o n a d o t r o p h i n  in b r e a s t  ca rc inoma .  The  resu l t s  conf i rm 
t h a t  t r y p s i n  t r e a t m e n t  is so eff ic ient  a t  u n m a s k i n g  an t i -  
gens in t i ssue  sect ions  t h a t  i t  shou ld  be employed  rou t i ne ly  
w h e n  fixed t i ssues  are used in i m m u n o h i s t o c h e m i c a l  pro-  
cedures.  
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Summary. A new m e t h o d  is descr ibed  for i so la t ing  h e p a t o c y t e s  b y  an  e n z y m a t i c  p rocedure  : 0.05 % bac te r i a l  col lagenase 
in ca lc ium-free  H a n k s '  so lu t ion  is in jec ted  in to  the  l iver  t i ssue  which  is r e m o v e d  asept ica l ly .  The  t i m e  requi red  to pre-  
pa r e  cu l tu re  a n d  r i sk  of bac t e r i a l  a n d  fungal  c o n t a m i n a t i o n  is g rea t ly  reduced .  

A new t e c h n i q u e  for t he  i so la t ion  of h e p a t o c y t e s  was 
deve loped .  F o r  t he  i so la t ion  of hepa tocy te s ,  e n z y m a t i c  
d iges t ion  w i t h  t ryps in ,  bac t e r i a l  col lagenase  or h y a l u r o n i -  
dase  ha s  c o m m o n l y  been  used1 a n d  r ecen t ly  in o rder  to  
o b t a i n  h i g h  yield of cells, va r ious  per fus ion  t echn iques  
h a v e  been  employed2-4.  However ,  these  per fus ion  
t e c h n i q u e s  requi re  a cons iderab le  degree of skill  a n d  
t a k e  a long  t ime.  F u r t h e r m o r e ,  because  of t he  long t ime  

requ i red  for t h e  procedures ,  cu l tu res  are exposed to  
increased r isk of bac te r i a l  a n d  funga l  c o n t a m i n a t i o n .  Our  
new t e c h n i q u e  i s v e r y  s imple  an d  t h e  t i m e  requi red  is 
r educed  to  1/2 to  1/3 c o m p a r e d  to t h a t  requ i red  b y  hepa t i c  
per fus ion  m e t h o d s  of e n z y m a t i c  solut ion.  
Materials and method. Liver  was r e m o v e d  asep t ica l ly  as a 
whole  f rom r a t s  of W i s t a r  s t ra in ,  we igh ing  100-150 g, 
a n d  washed  2-3  t imes  w i t h  phys io logica l  sa l ine;  0 .05% 
bac te r i a l  col lagenase  (cL h i s to ly t i cum,  p u r i t y  g rade  11, 
Boehr inger ,  M a n n h e i m )  in ca lc ium-free  H a n k s '  solut ion,  
w a r m e d  to  37 ~ in advance ,  was  in jec ted  in to  the  l iver  
t i ssue  a t  t h e  speed of 10 m l / m i n  t h r o u g h  a t u b e r c u l i n  
needle  equ ipped  to  a s ter i le  syr inge.  W i t h  in f i l t r a t ion  of 
t h e  enzyme  so lu t ion  in to  t h e  t issue,  a diffuse wh i t i sh  
colour  change  of t h e  whole  l iver  was  observed .  I f  t he  colour  
change  was on ly  local  a r o u n d  t h e  in jec ted  site, t h e  e n z y m e  
so lu t ion  was in jec ted  a t  severa l  d i f fe ren t  sites. Af te r  t he  
in jec t ion  of a b o u t  20 ml  of col lagenase  solut ion,  the  l iver  
was  washed  once in ca lc ium-free  H a n k s '  so lu t ion  a n d  
t h e n  t o r n  in to  smal l  pieces w i t h  2 forceps in a Pe t r i  d i sh  
c o n t a i n i n g  10-20 ml  of ca lc ium-free  H a n k s '  solut ion.  
H e p a t o c y t e s  were l i be ra t ed  d u r i n g  th i s  procedure .  Cal- 

Isolated hepatocytes suspended in Eagle's minimum essential 
medium containing 20% of fetal calf serum. 
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