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Difficult ies which cannot be solved by o rd inary  histological  ana lys is  a r i s e  during morphologica l  inves-  
t igat ions of t u m o r s  in some cases .  In pa r t i cu la r ,  it is difficult to de te rmine  the t i s sue  or igin of some neo- 
p l a s m s  or  to d i scove r  initial s tages  of invasion of a tumor ,  in the fo rm of ingrowth of smal l  groups  of t umor  
ce l l s  into the s t r om a  of the tumor .  Solutions to these  p r o b l e m s  are  e x t r e m e l y  important  to the planning of the 
best  course  of t r e a t m e n t  and de termina t ion  of the degree  of mal ignancy of tumors .  Recently staining his to-  
logical sect ions  with antibodies against  in te rmedia te  f i lament  p ro te ins  has  begun to be used for  this purpose  
[10]. Depending on the type of cel ls ,  different,  although c lose ly  related,  p ro te ins  will be found in the compos i -  
tion of the i r  in te rmedia te  f i l aments  [9]. F o r  example ,  the fami ly  of p rekera t in  p ro te ins  is a component  of f i la-  
ments  of epithel ial  cel ls ,  the prote in  vimentin is found in the f i l aments  of m o s t  ce l l s  of the mesenchyma l  se-  
r ies .  An advantage of in te rmedia te  f i l ament  p ro te ins  as  m a r k e r s  of h is togenes is  is  the i r  stable express ion ,  
which is often independent of the level  of different ia t ion or  the degree  of t r ans fo rma t ion  of the cel ls  [5, 6, 10]. 
One p rob lem when working with in te rmedia te  f i lament  p ro te ins  is that the high degree  of homology of these 
p ro te ins  with one another  m a k e s  it difficult  to use o rd ina ry  polyclonal se ra .  The w r i t e r s  have shown that by 
the use of monoclonal  antibodies specif ic against  one of the p r e k e r a t i n s  of the ra t  la rge  intestine it is poss ib le  
to improve  demons t ra t ion  of min imal  f ea tu re s  of invasion of t u m o r s  of this  organ considerably .  The high 
specif ic i ty  of the monocional  antibodies used in the work vir tual ly  ru les  out any likelihood of m i s t akes  when 
de te rmin ing  cel l  types  a f t e r  staining of his tological  sec t ions  with these  antibodies.  

EXPERIMENTAL METHOD 

Starting f rom the age of 2 months,  1 ,2-dimethylhydrazine  dihydrochloride (DMH) was injected into non- 
inbred male  r a t s  in a dose of 8 mg /kg  body weight, ca lcula ted  a s  base  (al together  25 weekly subcutaneous in- 
jections).  After  40 weeks of the exper iment  the an imals  were  killed, and t u m o r s  of the la rge  intest ine to -  
ge ther  with a r e a s  of surrounding mucosa ,  and also p ieces  of intact  mucosa  of the smal l  intesting were  r e -  
moved,  washed f ree  f rom mucus  and intestinal  contents  in physiological  saline, embedded in blocks  in 7% gel-  
atin solution in isotonic phosphate buffer  (PB), and then quickly f rozen  by i m m e r s i o n  in liquid nitrogen F r o z -  
en blocks were  kept a t - 7 0 ~  [5, 6]. F r o z e n  sec t ions  5 ~ thick were  thawed, fixed for  5 min in 10% formal in  
solution in PB, and then stained by the indi rec t  immunof luorescence  method, using antibodies of hybr idoma 
clones C12 and 30, obtained and cha rac t e r i z ed  p rev ious ly  [3]. Antibodies of clone C12 r e a c t  with p r eke ra t i n  
with mol.  wt. of 49 kilodaltons (PC49) and antibodies of clone 30 r e a c t  with vimentin.  Antibodies against  mouse 
immoglobul ins  labeled with f luoresce in  isothiocyanate  ( f rom Miles,  England) were  used as the second anti-  
bodies .  Some sect ions  p r e p a r e d  in this way were  counters ta ined e i ther  with Mayer '  s hematoxyl in  o r  with 
Evans '  blue. The finished sect ions  were  examined in an Opton photographic  mic roscope  with f luorescence  

at tachment .  E X P E R I M E N T A L  R E S U L T S  

Antibodies of clone C12, reac t ing  with p r eke ra t i n  prote in  CP49, revealed  cei ls  Of the epithelial  l aye r  of 
the mucosa  in f rozen  sect ions  of the normal  la rge  intest ine (Fig. 1). All the en te rocy tes  of the c rypt  stained 
with about equal intensity; p ro l i fe ra t ing  ce i l s  in the bot tom par t ,  goblet ce l l s  in the middle,  and absorbing ce l l s  
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Fig. I. Mucosa of intact rat  large intestine. Indirect  immuno- 
f luorescence mic roscopy  with antibodies of clone C12 against 
PC49. F luorescence  of enteroeytes  uniform throughout depth 
of crypt.  500 • 

in the topmost  parts .  In the submucous layer  no cel ls  stained with antibodies against PC49 could be found. 
Thus in di rect  immunofluoreseenee staining of f rozen sections confirmed previous  resul ts  indicating the p re s -  
ence of protein PC49 in all epithelial cells  of the large intestinal c rypts  [3]. These celts  remained unstained 
if antibodies of clone 30, react ing with vimentin, were used. 

Histological analysis  showed that the overwhelming major i ty  of large intestinal tumors  induced by DMH 
were exophytie adenoearc inomas with a wel l -marked  glandular component, consist ing of i r regu la r ly  shaped 
tubular s t ructures .  The typical morphological  picture of these neoplasms is i l lustrated in Fig. 2a, b. Staining 
with antibodies against PC49 showed even more  c lear ly  the morphological  features  of the epithelial glandular 
s t ruc tures  of ca rc inomas  of the large intesting (Fig. 2b). These tumors  consisted basical ly  of eetis  with sire- 
pier  morphology, in the form of small t rabeeulae and bands (Fig. 2e, d). These cells are considered to be 
loci far  advanced in tumor  progress ion ,  charac te r i zed  by invasion by the tumor  into the s t roma and deeper  
[2]. By means  of antibodies against  PC49, yet another row of s imi lar  nodules, vir tually indistinguishable by 
ord inary  histological staining, could be found. 

Several neoplasms exhibited endophyttc growth, combined with marked s t ructural  and cel lular  anaplasia. 
In these eases  also, however, virtually all of the epithelial component of the tumor stained with antibodies 
against PC49 and did not stain with antibodies against vtmentin (Fig. 2e, f). Thus most  epithelial cei ls  of 
DMH-induced tumors  of the large intestine in ra ts  have the same phenotype as their  normal  analogs: they 
synthesize prekera t in  protein PC 49 and do not contain vtmentin. 

Examination of sections stained with antibodies against PC49 showed that in some eases  (in six of 32 
tumors),  besides t rabeeulae and bands, scat tered atypical cel ls  or  small concentrat ions of cells  (Fig. 2e, f), 
indistinguishable on ord inary  histological analysis,  appeared in the deep par t s  of the tumor  stroma.  No such 
cei ls  were found, as had a l ready been mentioned, in the submucosa of the normal  large intestine. In some 
neoplasma they were found at a considerable distance f rom the main par t  of the tumor  glands. Studies of ceil 
cul tures  of epithelium of varied origin have shown that tumorigenic epithelial cells  in some eases  resemble  
mesenchymal  cel ls  [1, 4, 7, 8]. Ceils possess ing  such proper t ies  are probably c lear ly  visible after  immuno- 
f luorescence staining for  prekerat in ,  and are  virtually indistinguishable f rom st romal  cel ls  surrounding them 
in sections stained in the ord inary  way. Most probably these  atypical single cel ls  are cells which are far  ad- 
vanced in a cer tain direct ion of neoplastic p rogress ion  and are capable of existing separately f rom the main 
tumor  tissue. The presence  of such cei ls  in the tumor  s t roma may perhaps be an important  diagnostic c r i -  
ter ion of malignancy. The fur ther  study of the p roper t i e s  of these cells  is ext remely  important, because they 
can perhaps play an important  role in metast izat ion and invasion. 

The presence  or  absence of invasion into the submueosal layer  or  into deeper  par t s  of the wall of the 
large intestine is usually the main c r i te r ion  when evaluating the degree of malignancy of a tumor.  The high 
resolution achievable after  staining sections with antibodies against PC49 enables minimal fea tures  of invasion 
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Fig. 2. Different morphological  types of t umors  of rat  large intestine: a, b) adenoma with 
charac te r i s t i c  glandular s t ructure  ( a -  stained with M a y e r ' s  hematoxylin, b -  indirect immnuo- 
f luorescence to PC49. 200 • c, d) invasive adenocarcinoma (c - staine'd with Evans'  blue: be- 
sides glandular s t ruc tures  in topmost  par ts ,  concentrat ions of tumor  cells  in the form of t r a -  
becules are visible in the depth; d -  indirect  immunofluorescence to PC49; single tumor  cel ls  
visible at base of tumor,  indistinguishable in t ransmit ted light. 100 • e, f) anaplastic ca r -  
cinoma without glandular s t ruc tures  ( e -  stained with M a y e r ' s  hematoxylin; tumor  cel ls  indis- 
tinguishable f rom cells  of loose connective tissue; f -  indirect  immunofluorescence to PC49: 
tumor cel ls  c lear ly  visible. 400 • i n s e t -  s imi lar  regions under higher power, 600 • 

to be discovered more  rel iably and, in some cases ,  enables the histological diagnoses of the degree of malig-  
nancy of the neoplasm to be revised.  Immunochemical  staining of tumor  sections with the aid of monoclonal 
antibodies, s t r ic t ly  specific for the various prekera t in  proteins,  can therefore  be used with success  for diag- 
nostic and, probably, for  prognostic  purposes  in pract ice.  
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