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A ccord ing  to  o u r re c e n t observa tions ( B e r e n c s i  an d  K r o m p e c h e r  [3 ]) ,  
large q u a n titie s  o f w h a t are  a p p a re n tly  m uco p o ly sacch arid es  can  be d e m o n 
s tra te d  b y  h is to ch em ica l m eth o d s in  tu b e rc u lo u s  tissue . F e rm e n ta tio n  an d  
chem ical te s ts  th e n  d isclosed  in  th a t  tissu e  ac id  m u copo lysaccharides an d  
rem ark ab le  a m o u n ts  o f  n e u tra l  m ucopo lysaccharides. On th e  basis o f  th e o r e t 
ical consid era tio n s su p p o rte d  in  p a r t  b y  th a t  e x p e rim e n ta l evidence we b e liev e  
th a t  th e  m uco p o ly sacch arid es  are p roduced  in  tissu es  w ith  a lte red  m e tab o lism , 
n o ta b ly  in  such  a reas  in  w hich  oxybiosis is re p la c e d  by  m etabo lism  in v o lv in g  
anaerob ic  g lycolysis. W e th in k  nam ely  th a t  in  tissu es  th a t  m ay  su ffe r m ore  
or less m ark ed  necrob iosis u n d e r g iven co n d itio n s , no rm al m etab o lism  is n o t 
rep laced  d irec tly  b y  necrobiosis, b u t  v a rio u s s te p s  follow  each o th e r. O x y 
biosis is follow ed f i r s t  b y  h y p o x ia , th e n  an ae ro b ic  glycolysis rep laces aerob ic  
glycolysis in  th e  c a tab o lism  of sugars and  i t  is on ly  th e n  th a t  n ecrob iosis  
ensues. T hus large  a m o u n ts  of m u copo lysaccharides m ay  be expected  to  a p p e a r  
in  areas w here an ae ro b ic  glycolysis, th e  m e ta b o lic  phase  p reced ing  local 
necrobiosis, p rev a ils . T h is is луку to p o g ra p h ic a lly  th e  m ucopo lysaccharides 
occur in  th e  a rea  o f  necrob iosis and  in  th e  p a r ts  a d ja c e n t to  i t .  In  o u r w ork  
re fe rred  to  above we h a v e  p o in ted  o u t th a t  th e  m ucopo lysaccharides p ro d u c e d  
in  th e  tissu e  focus are  d ra in ed  aw ay th ro u g h  th e  in te rsp aces , and  ch iefly  th ro u g h  
th e  ly m p h a tic s  acco m p an y in g  th e  b lood vessels in to  th e  blood s tre a m , ele
v a tin g  th e  blood leve l o f m u copo lysaccharides. T h u s in  every  c o n d itio n  in 
w hich th e  focus p ro d u ces large q u a n titie s  o f  m ucopo lysaccharides, th e  b lood  
m ucopo lysaccharide  level is s ig n ifican tly  in c rea sed . W ith in  certa in  lim its , th e  
blood m uco p o ly sacch arid e  level reflec ts  th e  a c t iv i ty  of th e  focus or th e  foci, 
because th e  in te n s ity  o f  in fla m m a tio n  and  o f  necrobiosis w ill decide th e  r a te  
and  in te n s ity  o f m u co p o ly sacch arid e  p ro d u c tio n  b y  th e  focus.

T he s ta te m e n ts  concern ing  tubercu lo sis  sh o u ld  be valid  also fo r cancer. 
In  cancerous tissu es  n am e ly  — d epend ing  a p p a re n tly  on its  p o o r b lo o d  
su p p ly  — an aero b ic  g lycolysis becom es p re d o m in a n t and  m ore or less ex-
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te n s iv e  necrobiosis m ay  occu r. O ne m ay  th e re fo re  expect in  or a ro u n d  can 
c e ro u s  tissues in creased  q u a n tit ie s  o f m uco p o ly sacch arid es  to  be d e m o n s tra te d  
b y  h is to ch em ica l m e th o d s .

*  *  *

W e used th e  m ouse s tra in  C3H . T h e  sec tio n s em bedded  in  p a ra f f in e  were 
s ta in e d  w ith  h a e m a to x y lin  eosin, a cco rd in g  to  V an G ie s o n  a n d  R i t t e r - 
O l e s o n  [35] and  w ith  to lu id in e  b lue. S ta in in g  accord ing  to  R i t t e r -O leson  
c o n s is ts  in  th e  s im u ltan eo u s  ap p lica tio n  o f  H a l e ’s sta in  [11] a n d  th e  period ic  
acid-ScH iFF (PAS) s ta in . T o  p ro v e  th a t  th e  m a te r ia l s ta in in g  re d  w ith  PAS 
is o f  c a rb o h y d ra te  n a tu re , we perfo rm ed  th e  a c e ty la tio n  (b locking) te s t ,  and  
d é sa c é ty la tio n  w ith  K O H . P rio r  to  s ta in in g  w ith  PAS th e  sec tio n s w ere 
d ig e s te d  lege artis in  p ep sin  or try p s in , to  ru le  o u t th a t  th e  m a te r ia l  w as of 
p r o te in  n a tu re ; M i l l o n ’s te s t  w as c a rr ie d  o u t. The sections w ere d igested  
w ith  d ia s ta se  an d  sa liv a , to  ru le  o u t g lycogen . To e lim inate  lip id s, th e  8-m icron  
se c tio n s  w ere soaked  15 m in u te s  in  a b so lu te  e th e r , or ab so lu te  a lco h o l and  
s ta in e d  w ith  S udan  b lack . D igestion  w ith  B anga’s m ucase 2 1 3 'F 3  was 
a lso  m ad e . As ex p ec ted , s ta in in g  acco rd in g  to  R it t e r -Oleson  d e m o n s tra te d  
th e  p resen ce  of large a m o u n ts  o f m u co p o ly sacch arid es  (p re su m ab ly  n e u tra l)  
in  th e  sections of can cero u s tissue . T he g lan d -lik e  s tru c tu re  fo rm ed  b y  th e  
tu m o u r  u su a lly  co n ta in ed  a s tro n g ly  PA S p o s itiv e  su bstance  in  th e ir  lu m in a  
(  F i g . 1 ) .  The h ig h -pow er ap p earan ce  o f  th e  sec tion  of m ouse c a n c e r C3H 
sh o w s c learly  th a t  th e  PA S p o sitive  m a te r ia l  in  th e  lum ina  is c o n tin u o u s  
w ith  th e  red  m a te ria l ap p ea rin g  in  th e  in te rsp a c e s  o f th e  n eo p las tic  tissue . 
O ne h a s  th e  im pression  as if  th e  PAS p o s itiv e  su bstance  co llec tin g  in  th e  
in te rs p a c e s  were flow ing  to w a rd  an d  a c c u m u la tin g  in  th e  lu m en  ( F i g .  2 ) .  
S o m e o f  th e  g land-like  lu m in a  m ay  d ila te  to  a cyst-like c a v ity  ( F i g .  3J; 
th e i r  c o n te n ts  are s tro n g ly  PA S p ositive  ( Fig.  4 ) .  In  some areas o f th e  tu m o u r  
P A S  p o s itiv ity  ten d s  to  occu r in  th e  in te rsp a c e s  an d  is less m ark ed  in  th e  lu m in a  
(  F ig .  5 ) .  A t o th e r s ites th e  P ru ss ian  b lue  re a c tio n  of H ale  [11] p re p o n d e ra te s  
o v e r  th e  PAS p o s itiv ity  p re su m ab ly  in d ic a tin g  th e  presence of ac id -m u co p o ly 
sa c c h a rid e s  (F ig .  6 ) .  In  th e  PA S p o sitiv e  a reas  or n ea r th e  PA S po sitiv e  
p o o ls  vessels acco m p an y in g  th e  sm all a r te r ie s  are  rem ark ab ly  d ila te d  a n d  th e  
ly m p h  in  th em  is d e fin ite ly  PAS p ositive  ( Fig .  7) .  This m a te r ia l, how ever, 
does n o t  show  m e ta c h ro m a s ia , a t  le a s t w h en  re c e n tly  fixed . O n th e  b as is  of 
th e  ab o v e  th is p ic tu re  m a y  be in te rp re te d  as show ing th a t  th e  m u co p o ly 
sa c c h a rid e s  in  th e  n e o p la s tic  focus are  c a rr ie d  aw ay in  th e  ly m p h  fro m  the  
s ite  o f  th e ir  p ro d u c tio n . A s a n a tu ra l  r e s u lt  o f th is  m ay  be co n sid e red  th e  
w e ll-k n o w n  o b se rv a tio n  t h a t  in  cancer, e sp ec ia lly  w hen the  tu m o u r  is d is in 
te g ra t in g , th e  b lood m uco p o ly sacch arid e  level is s ig n ifican tly  e lev a ted  
[6, 4 0 , 41].



Fig. 1. Red PA S-positive m aterial in the lumen of the cy st
like structure of mouse cancer C3H

Fig. 3. Colloid-like m aterial staining fa intly  w ith haem at- 
oxylin-eosin in the cyst-like lumen bordered by gland cells.

Fig. 2. PAS-positive substance collecting in the tissue inter
spaces in the direction of the lum enlike centre in  regressiv e 

areas of m ouse cancer C3H

Fig. 4. Marked P A S-positivity of the m aterial in the lum en; 
section next to that shown in Fig. 3





Fig. 5. In the central areas o f the tumour that contain  
no capillaries and show regressive changes, large am ounts 
of PAS-positive material are seen in the interspaces and in 

the lym ph vessels

Fig. 7. D ilated lym phatic vessels filled w ith PA S-positive  
substance adjacent to the necrotic centre 

o f mouse cancer C3H

Fig. 6. In some areas blue H ale-positive material collects, 
instead of the PA S-positive substance

Fig. 8. Small am ounts o f PAS-positive material in the mar
ginal areas o f m ouse cancer C3H, that are relatively well 
vascularized and do not show regressive changes. More cen
trally, there is no capillary network, regressive changes are 
conspicuous and the PAS-positive material is present in 

large quantities
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L e n g y e l  an d  Sz e m e si  [27, 28] h av e  re c e n tly  rep o rted  t h a t  in  c o n tra s t 
w ith  th e  su rro u n d in g  n o rm a l tissue  th e  sm alle r nests  of tu m o u r  a t  th e  p e ri
p h e ry  o f th e  n eo p lastic  g ro w th  are  su rro u n d e d  b y  m e ta c h ro m a tic , in  o th e r 
w ords ac id , m u copo lysaccharides. W e, to o , fo u n d  no or v e ry  l i t t le  m e ta c h ro 
m a tic  m a te ria l in  th e  cen tre  o f th e  tu m o u r, w hile we succeeded in  d e m o n s tra t
in g  la rg e  q u a n titie s  o f n o n -m e tach ro m atic  n e u tra l  m u co p o ly sacch arid es  in  
th e  cen tre  o f th e  tu m o u r, as opposed  to  th e  m arg in a l areas p o o r in  PA S posi
t iv e  su b stan ce , w here th e  cap illa ry  su p p ly  o f th e  neop lastic  tis su e  is good 
a n d  th u s  m etabo lism  is in  all p ro b a b ility  o x y b io tic  ( Fig. 8 ) .

In  th is  connec tion  we shou ld  p o in t o u t th a t  acco rd in g  to  S ü m e g i , 
G o reczk y  an d  R óth  [36, 37] in  cancerous tissu es  an  “ e lastic  a m y lo id ”  w ould 
a p p e a r  th a t  is non-specific  in  n a tu re  an d  is u ltim a te ly  a d ep o ly m erized  glyco
p ro te in . W e th in k  th e  sa id  re su lts  lend  su p p o rt to  ou r find ings. T h ese  a re  fu r th e r  
th e  o b se rv a tio n s  b y  Mo c h iz u k i  [33] concern ing  th e  th ree  ty p e s  o f  PA S posi
t iv i ty  an d  tho se  re p o rte d  by  Sov iet a u th o rs , f ir s t  o f all b y  A v e h b a k h  [1], 
w ho p o in ted  o u t am ong  o th e rs  th a t  th e  b re a s t con ta in s m ucoids u n d e r  physio 
log ica l cond itions, b u t  an  accu m u la tio n  o f  m ucoid occurs e sp ec ia lly  when 
th e re  a re  fast-g row ing  n eo p lastic  foci in  th e  b re a s t. T he m ore fa s t  th e  m a lig n an t 
tu m o u r  grow s th e  m ore m ucoid  i t  co n ta in s . A v e rba k h  c ites L a zo v sk i  and  
o th e rs  who s ta te d  th a t  tissu e  h y p o x ia  or an o x ia  w ould cause th e  accu m u la tio n  
o f  m ucoids. M ucoids a p p e a r  in th e  a ffec ted  a reas  also in e x p e rim e n ta l hyp o x ia , 
serous oedem a an d  w hen venous c ircu la tio n  is im paired . A cco rd in g  to  
L azo v sk i , m ucoids m ay  occur u n d e r physio log ic  cond itions in  a re a s  poorly  
or n o t vascu la rized , fo r exam ple  in  th e  v a lv es  o f th e  h e a rt, in  w h ich  he th in k s  
th e re  is re la tiv e  h y p o x ia . T h u s, th e  a p p ea ran ce  of m ucoid  m a y  be traced  
b a c k  f irs t  o f  all to  a d is tu rb a n c e  in  o x y d a tiv e  processes, to  a p re p o n d e ra n ce  of 
g lyco ly tic  processes. T his is in h a rm o n y  w ith  th e  w ell-know n fa c t t h a t  th e re  is 
an o x ia  a ro u n d  tu m o u rs  an d  th e re  th e  g lyco litic  processes u su a lly  p re p o n d e ra te  
(O k u n i e v , N e u m a n n  an d  o th ers  [1]).

T he p resence o f  m ucin -like  su b stan ces  in  cancer tissu e  is n o t  a new  
d isco v ery . F o r exam ple , E . K r o m pe c h e r  as early  as a ro u n d  th e  tu r n  o f th e  
c e n tu ry  d e m o n s tra te d  m ucoid  in  th e  in te rsp aces  of basa l-ce ll c a n c e r, even 
tu a lly  also in  its  cy st-lik e  cav itie s , as w ell as in  th e  co nnec tive  tis su e  s tro m a  
a ro u n d  th e  cancerous tissu e  [21, 22, 24]. E . K ro m pech er  [21] ca lled  th is 
su b s ta n c e  p seudom ucin , as accord ing  to  his investig a tio n s p u b lish e d  in  1903 
i t  show ed no m etach ro m asia  [21, 22]. W e can  confirm  th is  b u t  h a v e  fu r th e r  
developed  th e  s ta te m e n t m ad n ore th a n  h a lf  a cen tu ry  ago. T h e  h is to log ists  
o f  th e  tu rn  of th e  c e n tu ry  d id  n o t go fu r th e r  th a n  to  c la im  t h a t  th e  m ucin 
in  cancer tissu e  w as a d eg en era tio n  p ro d u c t. O ur in v e s tig a tio n s , a id ed  by 
im p ro v ed  m ethods an d  b y  a com parison  w ith  o th e r ev idence, h a v e  supp lied  
d a ta  concern ing  th e  b io ch em is try  o f m u copo lysaccharide  fo rm a tio n  and  con
tr ib u te d  to  a b e tte r  u n d e rs ta n d in g  of th e  prob lem s invo lved .
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M ucin fo rm ation  m a y  occu r also in  can cer o f  th e  lung ; В aló [2] d e 
s c r ib e d  an d  illu s tra te d  im p re ss iv e  cases o f  H a m p e r l ’s [12] m ucin  g ra n u lo 
m a to s is .

H a v e  th e  m u co p o ly sacch arid es  arising in  n e o p la s tic  tissue som e in flu en ce  
o n  th e  m alignancy  o f th e  tu m o u r , or in  o th e r  w o rd s, do th e y  in fluence  th e  
r e la t io n  betw een  th e  tu m o u r  a n d  th e  h ost o rg an ism ?  I t  is im p era tiv e  to  ta k e  
th is  p o ss ib ility  in to  a c c o u n t, as m ucin is know n  s ig n if ic a n tly  to  enhance  th e  
v iru le n c e  of various m ic ro o rg an ism s (b ac te ria , v iru se s  [3]). I t  is th e re fo re  
q u i te  possib le  th a t  m u co p o ly sacch arid es  m ay  in c rea se  w h a t E . K r o m p e c h e r  
[22] ca lled  th e  v iru lence  o f  tu m o u r  cells. Som e a u th o rs  claim  th a t  th e  m ucin  
fo rm e d  w ould be a m a te r ia l  in to  w hich th e  tu m o u r  m ay  grow  and along w hich  
i t  m a y  p ro life ra te . T h u s, th e  m u c in  in  th e  e n v iro n m e n t o f  cancer m ay  in crease  
t h e  e x p a n s iv ity  of th e  n e o p la sm . E . K r o m p e c h e r  [22] w as also o f th is  v iew  
w h ile  D elbo t  and  Me n d a r o  [7], as well as D e l b o t  a n d  H e r r e n s c h m id t  [8] 
a re  o f  th e  opposite op in io n . A ccord ing  to  th e m , tu m o u rs  secreting  m ucin  are  
r e la t iv e ly  benign, as 48 p e r  c e n t o f the p a tie n ts  w ho h a d  been o p e ra te d  fo r 
su c h  tu m o u rs  were fo u n d  to  be  free from  recu rren ce  5 years  a fte r o p e ra tio n . 
L e r o u x  an d  P errot  [30] s h a re  th is view . B e r t r a n d  a n d  N agy [4] do n o t  
c o n s id e r  th is  m ucin p ro d u c tio n  a sign of p ro g n o stic  v a lu e  and  a s im ila r co n 
c lu s io n  has been d raw n b y  F rantz  [10] from  130 ra d ic a lly  o p era ted  a n d  h is
to lo g ic a lly  s tud ied  cases o f  can ce r of th e  b re a s t .

T h u s  th e  p roblem  h a s  n o t  been so lved; i ts  c la rif ic a tio n  is a p ro m ising  
t a s k  since  th e  m u co p o ly sacch arid e  milieu (w hich acco rd in g  to  E . K r o m p e c h e r  
e n h a n c e s  exp an siv ity ), th e  m o d ifica tio n  of v iru len ce  b y  m ucopo lysaccharides 
(w h ich  p ro te c t th e  can cer cells against defensive forces o f the  host), an d  th e  
close c o rre la tio n  betw een  m uco p o ly sacch arid e  p ro d u c tio n  an d  tissue necrobiosis 
c a n n o t  be in d ependen t o f  th e  tu m o u r’s m a lig n a n c y , an d  m igh t th e re fo re  be 
o f  a p ro g n o stic  s ig n ifican ce . T h ere  is every  re a so n  to  believe th a t  ca re fu l 
s tu d ie s  w ill u ltim a te ly  d e m o n s tra te  the  c o rre la tio n .

W e a ttr ib u te  p a r t ic u la r  significance in  th e  fo rm a tio n  of m é ta s ta sé s  to  
th e  d is ju n c tio n  of can ce r ce lls  from  cancerous tis su e , to  tissue necrob iosis  
a n d  to  th e  even tual ro le o f  th e  m u copo lysaccharide  m ilieu . As early  as 1913
E . K r o m p e c h e r  [23] s ta te d :  “ T he d e tach m en t o f  th e se  ep ith e lia l cells an d  
th e i r  p ro p ag a tio n  b y  in f i l t r a t io n  ac tu a lly  c o n s ti tu te  local m é tastasés , w hich  
do  n o t  d iffer in  p rin c ip le  f ro m  th e  su b seq u en t fo rm a tio n  of secondary  d ep o 
s its  in  m ore  d is tan t o rg a n s” . . . “ I  th in k  th a t  th e  r a p id  sp read  of m elanocarci- 
n o m a  a n d  fo rm ation  o f e x te n s iv e  m étastasés m ig h t be due to  an  increased  
r a te  o f  d e ta c h m e n t o f e p ith e lia l  cells re su ltin g  fro m  d is in teg ra tio n  caused  b y  
p ig m e n ta tio n , w hich so c re a te s  m ore fav o u rab le  c o n d itio n s  for th e  sp read  of 
th e  tu m o u r .”  K e l l n e r  [14 — 20] also ascribed  g re a t  im p o rtan ce  to  cell d is 
ju n c t io n  in  th e  cancerous fo cu s  and  to  th e  necro b io sis  p ro m o tin g  it.

I t  m a y  be asked  w h e th e r  one is ju s tif ie d  in  c la im in g  th e  m a te ria l p re se n t
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in  considerab le  q u a n titie s  in  m ouse can cer C3H  to  be n e u tra l  m u co p o ly sacch a
ride . Is  th is  m a te ria l d e fin ab le  chem ically , can  it  be d iffe re n tia ted  from  o ther 
m a te ria ls , can  we follow  its  fo rm a tio n , sp read  an d  a c c u m u la tio n ?  Can we 
d e te c t its  presence in  th e  v a rio u s s tag es  o f em bryon ic , p o s te m b ry o n ic  life, 
or in  d iffe ren t p a th o lo g ica l co n d itio n s?  R ecen tly  we h av e  succeeded  in  e s ta b 
lish ing  som e facts co n cern in g  th e  n a tu re  o f th e  m a te ria l we ca ll n e u tra l  po ly 
sacch arid e , as in  ou r s tu d ie s  o f em bryon ic  an d  p o stem b ry o n ic  c a r tila g e  b re a k 
dow n, reg en era tiv e  an d  n e o d iffe re n tia tiv e  ca rtilag e  fo rm a tio n  [9], ex su d a tiv e  
p u lm o n a ry  tubercu losis  [3], c ru ra l u lcer [26], as well as m ouse can cer C3H. 
T h e y  are  as follows.

1. T he m a te ria l in  q u e s tio n  is PA S p o sitive , i. e. i t  s ta in s  re d  b y  th e  
perio d ic  acid-Sclnff m e th o d . B y  th e  R i t t e r -Oleson  tech n iq u e  it  s ta in s  red , 
w hile th e  acid m u co p o ly sacch arid es  s ta in  b lue.

2. T he red  s ta in in g  does n o t a p p e a r  a fte r  b locking  b y  a c e ty la tio n , and  
re a p p e a rs  w hen d é sa c é ty la tio n  is effected  b y  tre a tm e n t w ith  K O H .

3. T he PAS p o s itiv ity  is n o t lo st a f te r  p rev ious d ig estio n  w ith  pepsin  
or try p s in .

4. T h e  sam e ap p lies  to  p re tre a tm e n t w ith  lip id  so lv en ts .
5. T he PAS p o sitiv e  areas g ive a w eak  M illon re a c tio n , an d
6. are  lig h tly  s ta in e d  b y  S u d an  b lack .
7. T he m a te ria l su p p o sed  to  be n e u tra l  m u co p o ly sacch arid e  show s no 

m e tach ro m asia  to  to lu id in e  b lue , as opposed  to  th e  acid m u co po lysaccharides 
w hich  s ta in  pu rp le  w ith  th a t  dye. F o r exam ple , th e  m a te ria l p re su m e d  to  be 
h e p a rin , th a t  can  be fo u n d  in  th e  m ast cells of th e  sk in  over th e  m ouse  cancer, 
s ta in s  red .

8. On biochem ical id e n tif ic a tio n  th e  m a te ria l in q u es tio n  w as dissolved 
in  a few hours b y  m u case  213 /F 3 , a t  p H  7.4, 37° C, in  a n /4 0  v e ro n a l ace
t a te  b u ffe r so lu tion . D u rin g  th e  sam e period  th e  buffer sy s tem  n o t co n ta in in g  
m ucase  caused no ch an g e  in  s ta in in g . T h is m eans th a t  th e  p h en o m en o n  is 
a tru e  m ucase effect.

9. As to  th e  b io log ica l or p a th o lo g ica l ch a rac te ris tic s , i t  m a y  be s ta te d  
t h a t  th e  m a te ria l is p ro d u ced  w hen  tissu es  are  d is in teg ra tin g .

L arge  q u a n titie s  o f th e  m a te r ia l a re  form ed in d is in te g ra tin g  ex su d a tiv e  
caseous p u lm o n ary  tu b e rcu lo s is  [3], in  th e  areas of th e  m ouse  can cer C3H 
th a t  show  regression o r d is in te g ra tio n , as well as in  c ru ra l u lcers  [26]. T hus, 
th e  m a te r ia l is p ro d u ced  w here tissu es  a re  b roken  dow n o r d is in teg ra tin g , 
u n d e r  b o th  physio logical an d  p a th o lo g ica l cond itions (ca rtilag e  [25], connective 
tissu e , lu n g  tissue, cancer).

I f  we look for th e  cause o f tissu e  d is in teg ra tio n , local v a sc u la r  changes 
an d  th e  hypo x ia  w ill fe a tu re  p ro m in en tly , b o th  in  th e  n e o d iffe ren tia tiv e  
ca rtilag e  fo rm ation , a n d  in  th e  th re e  p a th o lo g ica l co n d itio n s  (tubercu losis , 
cancer, c ru ra l ulcer) ex am in ed .
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A s to  physical c h a ra c te r is tic s , th e  m a te ria l in  q u e s tio n  is h igh ly  v iscous 
a n d  liq u id .

F ro m  th e  p a th o p h y s io lo g ic a l p o in t o f v iew  i t  seem s to  be c h a ra c te ris tic  
t h a t  th e  m a te ria l fo rm ed  in  la rg e  q u an titie s  a t  th e  s ite  o f tissu e  d is in te g ra tio n  
is d ra in e d  off th ro u g h  th e  ly m p h a tic s , w h ich  th u s  becom e d ila ted . T h is is 
a p p a re n t ly  of sign ificance in  p a v in g  the  w ay  fo r th e  fo rm a tio n  o f m é ta s ta sé s . 
T h e  P A S  positive su b s ta n c e  can  be d e m o n s tra te d  in  b o th  th e  cross an d  lo n 
g itu d in a l  sections o f th e  ly m p h a tic s .

I t  is know n from  th e  l i te ra tu re , W in t z l e r  [40], W o lsten h o lm e  an d  
O ’Co n n o r  [41] th a t  in  g ra v e  p u lm o n ary  tu b e rc u lo s is , in  cancer an d  o th e r  
c o n d itio n s  th e  blood m u co p o ly sacch arid e  level is s ig n if ican tly  increased  to  
1.5 o r  even  2.5 tim es th e  n o rm a l, w hich is a ro u n d  83 i  4  m g p er 100 m l. ex 
p re ssed  in  hexosam ine.

T h e  e levation  o f  th e  se ru m  m u co po lysaccharide  level in  p u lm o n a ry  
tu b e rc u lo s is  to  1.5 — 2 t im e s  th e  norm al level h as  b een  con firm ed  by  E va  
H . O l á h , b iochem ist, in  70 d e te rm in a tio n s  m ad e  in  45 su b jec ts . She w orked  
a t  th e  In s t i tu te  of A n a to m y , H isto logy  an d  E m b ry o lo g y  o f th e  U n iv e rs ity  
M ed ica l School of D eb recen , in  cooperation  w ith  th e  D e p a rtm e n t o f  T u b e r
cu lo sis .

A s opposed to  th e se  p o s itiv e  d a ta , we do n o t  k now  th e  ex ac t chem ica l 
s t r u c tu r e  of n eu tra l m uco p o ly sacch arid es . I t  is n o t  k n o w n  w h e th e r th e  m u co 
p o ly sacch arid es  found  in  th e  b lo o d  in  cases o f can ce r, tubercu lo sis  an d  s im ila r 
c o n d itio n s  differ in  s tru c tu re , o r  in  th e  g lucosam ine : ga lac to sam in e  ra tio . S till, 
th e  m a te r ia l m ay ra th e r  re lia b ly  be ch arac terized  o n  th e  basis  o f its  h istochem i- 
ca l (P A S  p o sitiv ity , n e g a tiv e  m etach rom asia , a c e ty la tio n , M illon reac tio n , 
S u d a n  sta in in g , lip id  so lv e n ts ) , b iochem ical (d isso lu tio n  in  m ucase, p ep sin , 
t r y p s in  d igestion), an d  p a th o lo g ic a l p roperties (o ccu rren ce  a t  th e  s ite  of tissu e  
d eco m p o sitio n ) as well as b y  th e  fa c t th a t  its  d ra in a g e  th ro u g h  th e  ly m p h a tic s  
a n d  accu m u la tio n  in  th e  b lo o d  can  be follow ed u p .

W e have also s tu d ie d  th e  v ascu la riza tio n  o f  m ouse cancer C3H . As i t  
is sh o w n  by  Fig. 8 , th e  m a rg in a l, ac tive ly  g row ing  a rea  o f th e  tu m o u r is s a t is 
fa c to r i ly  vascu larized . In  t h a t  a rea  there  is h a rd ly  an y , or no ev idence o f 
re g re ss iv e  tissue changes, n e u tr a l  m u co po lysaccharide  p ro d u c tio n , o r d is
ju n c t io n  o f cells. In  c o n tra s t  w ith  th is , in  m ore c e n tra l  a reas of th e  tu m o u r  
v a sc u la r iz a tio n  is scarce o r a b se n t. H ere th e  cells show  regressive changes 
a n d  n e u tra l  m uco p o ly sacch arid es  are form ed in  la rg e  a m o u n ts . T here are th e n  
th e  n e c ro tic  areas, in w hich  b lo o d  vessels do n o t o ccu r a t  all. W e can n o t sp eak  
o f  v a sc u la riz a tio n  in  such  a re a s , th o u g h  h aem o rrh ag es  w ith  haem osiderin  fo r
m a tio n  o rig ina ting  from  a r ro d e d  blood  vessels m ay  o ccu r. T h u s , in  a cancerous 
tu m o u r  we m ay d is tin g u ish  b e tw e e n  th ree zones, viz.  (i) a PA S neg a tiv e  zone, 
w ith  a re la tiv e ly  good b lo o d  su p p ly  and w ith o u t tis su e  d is in teg ra tio n ; (ii)
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a PA S p ositive  zone show ing  tissue reg ression , w ith  a re la tive ly  p o o r v a sc u la r  
su p p ly ; an d  (iii) a zone o f  necrosis, w ith o u t v ascu la riza tio n .

C onsidering th e  above, tissue h y p o x y b io s js  is p ro b ab ly  re sp o n sib le  for 
th e  fo rm atio n  o f  m ucopo lysaccharides in  can ce r tissue . In  hypoxyb io sis  a n a e r 
obic glycolysis ga ins p rep o n d eran ce . T his p h en o m en o n  m igh t be p a r t  o f  som e 
fu n c tio n  w hich, p e rh a p s  as an  a tav is tic  t r a i t  o f  m etabolism , ta k e s  e ffec t in 
every  in s tan ce  o f  d e fic ien t oxygen su p p ly . I n  o th e r  w ords, th e  liv in g  tissu e  
tries to  a d a p t  i ts e lf  to  th e  lack  o f oxygen  b y  b reak in g  dow n s u g a r  b y  th e  
anaerob ic  m echan ism . In  th is  case th e  d esc rib ed  p roduction  o f  m u co p o ly 
saccharides is a re su lt  o f  tissu e  a d a p ta tio n , a n d  p lay s a role in  ev e ry  co n d itio n  
in  w hich  a d a p ta t io n  to  a deficiency in  o x y g en  is involved. A cco rd in g  to  
W e in h o u s e  [39] can cer tissu e  and  cancer cells possess a h igh  a e ro b ic  an d  
anaerob ic  g lyco ly tic  a c tiv ity . For exam ple , in  th e  presence of o x y g en  can cer 
tissue can  b re a k  dow n severa l tim es th e  a m o u n t o f sugar b ro k en  d ow n  b y  
restin g  or grow ing  n o rm al tissues. The m ore  defic ien t the  oxygen , th e  less 
m ark ed  th e  d ifference be tw een  cancerous a n d  n o rm a l tissue, and  u n d e r  a n a e r 
obic co n d itions th e  difference is n o t m ore  th a n  *4 to  3.5. A cco rd in g  to  
W a rbu rg  [38], th e  anaerob ic  glycolysis o f  cancerous tissue is c h a ra c te r is tic  
of m alig n an cy . W e believe  th a t  a poor o r a b se n t vascu lar su p p ly  c rea tes  
th e  co n d itions (h y p o xyb iosis , anoxyb iosis), w h ich  cause cancerous tis su e  to  
a d a p t itse lf  to  th e  new  m ilieu  and sw itch  o v e r to  anaerobic g lyco lysis , as a 
re su lt o f  w hich  m u copo lysaccharide  p ro d u c tio n  is begun. T hus, th e  an ae ro b ic  
glycolysis o f can ce r tissu e  is no t ju s t  one c h a ra c te ris tic  p ro p e r ty , b u t  i t  is 
th e  re su lt o f a gen era l biological law , o f th e  a d a p ta tio n  to  h y p o x ia . The 
described  p ro d u c tio n  o f m ucopo lysaccharides m a y  be in te rp re te d  in  th is  w ay.

L e P age [29], as w ell as N o v ik o f f , P o t t e r  and  L e P a g e  [34] have  
a rriv ed  a t th e  conclusion  th a t  in  tu m o u rs  an ae ro b ic  glycolysis is b a se d  on 
the  know n E m b d e n —Ma y e r h o f  schem e, i . e .  i t  is n o t d ifferen t f ro m  th a t  in 
norm al tissue . M e y e r h o f  e t al. [31, 32] e sse n tia lly  confirm ed t h a t  th e re  is 
no q u a lita tiv e  d ifference  in  lactic  acid fo rm a tio n  betw een norm al a n d  tu m o u r  
cells. W e i n h o u s e  [39] p o s tu la te d  th a t  th e re  is no  evidence a t  p re se n t to  show  
th a t  glucose w ould  he b ro k en  dow n to  la c tic  ac id  in  tu m o u r tissue  b y  a m ech a 
nism  d iffe ren t from  th a t  in  norm al tissu e . A ccord ing  to  B urk  [5], th e re  is 
no d ifference in  oxy g en  consum ption  b e tw e e n  th e  cancerous liv e r  ce ll and  
em b ry o n ic , aged , reg en e ra tin g  or c irrh o tic  liv e r  cells. A nd if  th e re  is no d if
ference in  th e  m ech an ism  o f lactic  acid  fe rm e n ta tio n  betw een  c a n c e r  an d  
n o rm al cells, w h y  shou ld  th e re  be a d ifference  in  th e  factors e lic itin g  i t?

V olum es h a v e  been  filled  w ith  m e ta b o lic  stud ies in  can cer re sea rch  
and  a n u m b er o f  v a lu a b le  d a ta  have  been  p u b lish ed , y e t we h av e  v e ry  l i t t le  
ex ac t know ledge as to  th e  essence o f th e  p a th o lo g y  of cancer.

A ccord ing  to  W e in h o u s e  [39], we sh o u ld  know  th e  fac to rs  c o n tro llin g  
and  re g u la tin g  cell m etab o lism  in o rder to  u n d e rs ta n d  th e  excessive ra te  of
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g ly c o ly s is  in  neop lastic  tis su e . H e deem s i t  u n fo r tu n a te  th a t  we k now  so l i t t le  
a b o u t  su c h  facto rs. In  th is  connection  we ca ll a t te n tio n  to  th e  m e tab o lism  
a n d  v a s c u la r  p a u p e risa tio n  q f  cancer tissu e , as w ell as to  th e  h y p o x y d o s is  
r e s u l t in g  from  them . L e t i t  f in a lly  m en tion  t h a t  in  add ition  to  th e  ab o v e  
w e h a v e  succeeded in d e m o n s tra tin g  th e  fo rm a tio n  of m ucopo lysaccharides 
in  h u m a n  gastric  and  p u lm o n a ry  cancer, as w ell as in  ta r  cancer o f  th e  r a b 
b i t  e a r .

Sum m ary

Section s of mouse cancer C 3H  were treated b y  R i t t e r - O l e s o n ’s histochem ical m ethod  
d em o n stra tin g  sim ultaneously th e  neutral m ucopolysaccharides (by the period ic acid-— 
S c h i f f  reaction ) and the acid m ucopolysaccharides (b y  H a l e ’ s m ethod). A  m aterial supposed  
to  b e  n eu tra l m ucopolysaccharide has thus been dem onstrated  in considerable qu antities. 
In  th e  m arginal areas o f cancer tissu e , which have a re la tiv e ly  good vascular supply and grow 
in g , n o  neutra l m ucopolysaccharide formation was dem onstrable. In contrast w ith  th is, in 
areas w ith  poor vascular su pp ly , ly in g  centrally and th u s supplied poorly by d iffusion , in 
creased  neutral m ucopolysaccharide formation was observed . In the necrotic central parts 
o f la rg e  tum ours were the greatest quantities o f neutra l m ucopolysaccharide found. I t  is 
co n c lu d ed  th a t the m ucopolysaccharides are produced in  th e  hypoxybiotic  phase o f the adap
tiv e  m eta b o lic  changes of cancer tissue (oxybiosis, h y p o x y b io sis, anoxybiosis, necrob iosis), 
w h en  anaerobic glycolysis gains preponderance. In th e  re la tiv e ly  well vascularized areas o f  
cancer t issu e  acid m ucopolysaccharides, in the poorly su pp lied  areas neutral m ucopolysaccha
r id es are form ed. These neutral m ucopolysaccharides arise when tissues are decom posing, 
d is in teg ra tin g , as in the tuberculous foci. From their site  o f  production the neutral m u cop o ly 
sacch a r id es are drained aw ay through the tissue in terspaces and lym phatics in to  th e  blood  
strea m  (preparing apparently th e  w ay for the form ation  o f  m étastasés); this exp la in s the  
w ell-k n o w n  observation th at in  cancer the blood m ucopolysaccharide level is sign ifican tly  
in crea sed , roughly in proportion to  m alignancy and necrobiosis. Thus, in cancer and tub er
cu lo sis  th e  neutral m ucopolysaccharides are not deposited  from  the blood in to  th e  affected  
t issu es . O n the contrary, th ey  are produced in the tissu es w ith  anaerobic glycolytic m etabolism  
and are carried away by the ly m p h  into the blood stream . The m ucopolysaccharides form ed  
in  can cer  tissue m ay influence th e  relation of the cancer tissue to the host organism  and 
m o d ify  th e  expansivity o f cancer and the form ation o f  m étastasés.
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МУКОПОЛИСАХАРИДЫ В ГИСТОХИМИИ РАКОВОЙ ТКАНИ
И. К Р О М П Е Х Е Р  и Д Ь .  Б Е Р Е Н Ч И

Симультанно были выявлены на срезах С3Н рака мышей с помощью г истохими
ческого метода Р и т т е р —Олесона нейтральные и кислые мукополисахариды, причем 
авторы в значительном количестве обнаружили вещество, предположительно соответ
ствующее нейтральным мукополисахаридам. Образования нейтральных мукополисаха- 
рмдов не наблюдалось в снабженных сосудами растущих краевых частях рака, однако, 
в плохо снабженных сосудами или же центрально расположенных и следовательно также 
и путем диффузии плохо снабженных частях наблюдалось все большее и большего раз
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мера образование нейтральных мукополисахаридов. В центральной части более боль
ших опухолей наблюдаются некрозы ; в области некрозов образование нейтральных 
мукополисахаридов больше всего. Предполагается, что мукополисахариды образуются 
в сильно гипоксибиозной фазе возникающих в раковой ткани изменений обмена веществ 
адаптационного характера — оксибиоз, гипоксибиоз, аноксибиоз, некробиоз, — а именно 
тогда, когда обмен веществ тканей изменяется таким образом, что расщепление сахара 
происходит путем анаэробного гликолиза. В сравнительно лучше снабженных краевых 
частях раковой опухоли образуются кислые, а в выраженно плохо снабженных частях 
— нейтральные мукополисахариды. Эти нейтральные мукополисахариды возникают при 
расщеплении, при распаде тканей, подобно процессам, имеющим место в туберкулезных 
тканевых очагах. Возникающие в значительном количестве нейтральные мукополиса
хариды попадают с места их производства через межтканевые щели и расширенные лим
фатические сосуды в кровяное русло. Этим объясняется общеизвестное наблюдение, что 
в раковой опухоли содержание мукополисахаридов в крови значительно повышается, 
и что оно до известной степени пропорционально злокачественности и некробиозу. Значит, 
как в случае рака, так и туберкулеза, нейтральные мукополисахариды не отлагаются из 
крови в патологическую ткань, а они производятся в тканях с гипоксибиозным обменом 
веществ и анаэробным гликолизом, откуда они через лимфатические пути попадают в 
кровяное русло. Быть может, что вышеописанные мукополисахариды воздействуют 
также и на отношение между раковой тканью и организмом хозяина, модифицируя рас
пространение раковой ткани и метастазирование.

M UCOPOLYSACCHARIDE IM K R E B SG E W E B E

I. KROMPECHER und G. BERENCSI j

An C3H M äusekrebsschnitten wurden m it der histochem ischen M ethode von  R it t e r - 
O le so n  die neutralen  und sauren M ucopolysaccharide sim ultan nachgewiesen, wobei ein ver
m utlich  den neutralen  M ucopolysacchariden entsprechender S to ff in  bedeutender Menge g e 
funden wurde. D ie B ildung neutraler M ucopolysaccharide konnte an den vaskulär gu t ver
sorgten und w achsenden R andteilen  des Tumors n ich t wahrgenom m en werden. D agegen w ar  
in  den vaskulär sch lech t versorgten, bzw. zentral gelegenen und infolgedessen auch durch  
D iffusion  schlecht versorgten Teilen die Bildung v o n  im m er mehr neutralen M ucopolysaccha
riden zu beobachten. D er zentrale Teil von  grösseren G eschwülsten en thält Nekrosen; im  
Um kreis derselben is t  die Bildung von neutralen M ucopolysacchariden am grössten. W ahr
scheinlich  entstehen  die M ucopolysaccharide in  der stark hypoxybiotischen  Phase der im  
K rebswege en tstehend en  Stoffw echselveränderungen adaptiven Charakters —  O xybiose, 
H ypoxyb iose , A n oxyb iose , Nekrobiose —  und zwar dann, wenn der Stoffw echsel der Gewebe 
sich  in  der W eise verändert, dass der Zuckerabbau durch anaerobe G lykolyse erfolgt.

In  den noch verhältn ism ässig gut ernährten R andteilen  der K rebsgeschwulst entstehen  
saure, in den ausgesprochen schlecht ernährten T eilen  neutrale M ucopolysaccharide. D iese  
letzteren  entstehen  beim  Abbau, beim Zerfall der Gewebe, ähnlich w ie in  den tuberkulösen  
H erden. D ie in  bedeutender Menge produzierten neutralen  M ucopolysaccharide gelangen vom  
Ort ihrer E ntstehung durch die G ewebsspalten und durch die erw eiterten Lym phgefässe in  
die B lutbahn. H ierdurch erklärt sich die a llbekannte B eobachtung, wonach in  der K rebs
geschw ulst sich der G ehalt an M ucopolysacchariden im  B lut bedeutend erhöht und bis zu 
einem  gewissen Grad proportional zur B ösartigkeit und zur Nekrobiose ist. Dem nach werden  
sow ohl bei K rebs, w ie auch bei Tuberkulose die neutralen  M ucopolysaccharide n icht aus dem  
B lut in das pathologische Gewebe abgelagert, vielm ehr erfolgt ihre Produktion in  den Geweben  
m it hyp oxyb iotischen  Stoffw echsel und anaerober G lykolyse, von  wo sie durch die L ym ph- 
bahn in den B lutstrom  gelangen. Es ist n icht ausgeschlossen, dass die beschriebenen M uco
polysaccharide auch a u f das Verhältnis zw ischen K rebsgew ebe und W irtsorganism us eine 
W irkung ausüben, un d  som it die E xpan siv ität des K rebsgew ebes und die M etastasenbildung  
m odifizieren.

Prof. D r. S te fa n  K r o m p e c h e r  D eb recen , 12. A n a tó m ia  
D r. G yörgy  B e r e n c s i  D ebrecen , D e p t, of TBC.
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