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I f  some an tig en  enters the  o rgan ism  an d  conditions are su itab le , th e  o rg a n ­
ism  responds to  th e  antigenic effect b y  p roducing  antibodies. The ow n p ro te in  
o f  th e  organism  m a y  also assum e th e  role o f an tigens if  th ey  becom e m od ified  
u n d e r pathologic co n d itio n s .lt seem s p ro b ab le  th a t  if  th e  am ount is sm all, an d  th e  
o rgan ism  is able a b u n d a n tly  to p ro d u ce  an tibod ies, th e n  th e  reaction  o f th e  an tig e n  
w ith  th e  a n tib o d y  tak es  place lo ca lly , a t  th e  s ite  o f origin of the m odified  p ro te in . 
I f  a g rea t am o u n t o f antigen is p ro d u ced , fo r in s tan ce  in consequence o f tissu e  
d es tru c tio n , an d  th e  organism  is n o t able to  respond  w ith  the  p ro d u c tio n  o f  an  
a d e q u a te  am o u n t o f antibodies, th e n  p a r t  o f th e  an tig en  will en te r th e  c ircu la tio n , 
o r becom e adso rbed  b y  the re tic u la r  sy s tem  an d  th e  reaction  will ensue  th e re  or 
in  th e  b lood s tre a m  (Loesclike, L eh m a n n — Facius, Letterer). A cco rd in g  to  
T e ilu m , th e  appearance  of a p ecu lia r, hom ogeneous, hyaline, eosinophilic  su b ­
stan ce  can be observed  a t the  co rrespond ing  sites, as a m orphological sign  o f th e  
reac tio n , p a rtic u la r ly  under th e  co n d itions f irs t  described, i. e. in  th e  po sitiv e  
an erg ic  phase o f th e  organism . T h is  eosinophilic  substance  was fo u n d  b y  T eilum  
in  cases of lupus vulgaris, B o eck ’s sarco id , L e tte re r—Siwe’s d isease, ly m p h o ­
granu lom a ingu inale , and in a c u te  d issem in a ted  lupus ery them atodes. A ccord ing  
to  his ex am in a tio n s , the  su bstance  is n ea rest to  hyaline, b u t it  m ay  a p p e a r  also 
in  tra n s itio n a l form s sim ilar to  am ylo id . H aranghy  observed am y lo id  m a te ria l 
in  H o d g k in ’s disease. We ourselves have  found  in  a case of B oeck’s sa rco id  a 
p re c ip ita te  occu rring  in a p e c id ia r  c ircu lar a rra n g e m en t, fu lly  co rrespond ing  
to  th e  figures o f Teilum , fu rth e rm o re  also in  th e  sm all arteries o f th e  rem oved  
tonsils o f a p a tie n t  suffering fro m  p e ria rte riitis  nodosa. The su b s ta n c e  s ta in ed  
in ten se ly  w ith  Congo red (F igs, see G. B erná th ).

Since we have  found th is  eosinophilic  hyaline  substance to  o ccu r in  several 
cases of m a lig n an t tum ours, a t  o u r req u est G. Bernáth  from  our D e p a r tm e n t of 
P a th o lo g y  has s tu d ied  it an d  p u b lish ed  h er resu lts  in th e  A cta  M orphologica 
No. 2. 1952. She observed in  th e  im m ed ia te  surroundings of cancers o f  th e  skin, 
o f th e  u rin a ry  b ladder, the b re a s t an d  th e  u te rin e  cervix, and in ly m p h o ep ith e lia l 
tu m o u rs , am orphous, hom ogeneous, esinophilic m asses, w hich s ta in e d  yellow ish- 
brow n w ith  v a n  Gieson and w h ich  gave th e  specific am yloid reac tio n s in  a  very
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u n stab le  m anner. I n  e ach  case the  m asses s ta in e d  in tensely  w ith  Congo red . 
M ost of the  cases g av e  Ju rg e n ’s m ethyl v io le t re a c tio n . There were, how ever, som e 
w hich  hard ly  show ed  m etachrom asia, b u t  s ta in e d  w ith  polychrom e m ethy lene  
b lue , or iodine g reen . W h e n  sta ined  w ith  L u g o l’s so lution, the  su bstance  tu rn s  
yellow ish-brow n, p a r tic u la r ly  after p re lim in a ry  tre a tm e n t w ith  a lu m in a te  o f 
iron . T rea tm en t w ith  su lp h u ric  acid results in  in ten s ifica tio n  of th e  colour. On th e  
basis o f the  te s ts  d esc rib ed , Bernáth has co n sid ered  th e  substance in  q u estio n  as 
param ylo id .

E xam inations

We have s tu d ie d  th is  substance w hich  re a c ts  as am yloid and  w hich  since 
o u r f irs t  observations w e have found in  a g re a t n u m b er of m am m ary  an d  sk in  
cancers, in  aden o carc in o m a o f the  sigmoid, in  b ronchogen ic  pu lm onary  carc inom a 
a n d  in  th e  m ore o r less m alig n an t adenom a o f th e  p a ro tid  gland. A gain  i t  w as 
Congo red  w hich p ro v e d  th e  m ost constant fro m  am ong  th e  usual am ylo id  s ta in s , 
g iv in g  a positive re a c tio n  in  each o f the  tu m o u rs  exam ined . O ut of th e  m e ta -  
ch rom atic  stain ings u su a lly  only 1, or 2, o ccasiona lly  3 were successful.

The form  in w h ich  th e  substance appears v a rie s  an d  is p robab ly  co nnec ted  
w ith  th e  age of th e  p re c ip ita te . The m ost m a tu re  one is the  am orphous fo rm  
w h ich  shows no s tru c tu re  w hatever. I t  is u su a lly  fo u n d  in  vascular w alls, o r in  
th e  connective tissu e  a ro u n d  th e  vessels, b u t  f re q u e n tly  i t  is com pletely in d ep en ­
d e n t o f them  ; in m a m m a ry  cancers it occurs in  th e  walls o f the  ducts or sim p ly  
a ro u n d  th e  cancerous cell nests . I t  usually  fo rm s la rg e  globules, while in  o th e r  
in s tan ces  i t  appears su rro u n d in g  the  cell n es ts  in  th e  form  of bands o r lam ellae 
(F ig . 1). In  such a case th e  cells show m arked  reg ressive  phenom ena. In  ad d itio n  
to  th e se  principal s ites, am y lo id  deposits m a y  also fo rm  sm aller nodes, s im ila rly  
as in  th e  am yloid tu m o u rs  growing som etim es on  th e  skeleton beside m yelom a. 
W e observed such fo rm a tio n s , for instance in  p a ro tid  tu m o u rs . H ere th e  s tru c tu re  
w as slig h tly  concentric , lam e lla ted  (Fig. 2). I n  sk in  cancers th e  substance s ta in in g  
w ith  Congo red  is o ften  fo u n d  d irectly  under th e  ep ith e liu m , filling th e  p a p illa ry  
bodies in  the  form  o f b ro a d  lam ellae.

A round  th e  hom ogeneous masses fresher s tag es  o f th e  p rec ip ita te  are  u su ­
a lly  p resen t. A round th e  am ylo id  nodes f ilam en to u s  s truc tu res are f re q u e n tly  
v isib le . The am orphous nodes are surrounded  b y  frag m en ted , jagged, s tro n g ly  
tw is te d , w avy fibres or f ila m e n ts , which often  th ic k e n , la te r  b reak  up an d  fo rm  a 
coarser or finer g ra n u la te d  substance  (Fig. 3). T h is g ran u la r  substance displays 
tra n s itio n a l forms to  th e  com plete ly  am orphous one. T he fibres s ta in  in ten se ly  
w ith  Congo red and  in  co m p ariso n  w ith  the  am orphous substance  th ey  s ta in  o ften  
w ith  m e th y l violet m ore in te n se ly . The fibres m a y  also be found  a t a considerab le 
d is tan ce  from  the  hom ogeneous nodes and also q u ite  in dependen tly  of th e  la t te r  
in  th e  cancer nests, fo rm in g  a veritab le  ne tw ork  o f  long  running , th ick , o r th in



Fig. 1. M am m ary cancer. A m yloid  in band-like  a rran g em en t stained blue b y  A zan  
F ig . 2. P a ro tid  tum our. A m yloid arranged  in  sm all nodules. Congo-red. 400 x





F ig. 3. M am m ary cancer. Am yloid deposited  in  large nodes an d  filam ents. Congo-red. 100 x 
Fig. 4. M am m ary cancer. T he amyloid form s a b road  f ilam en to u s netw ork . Congo-red. 400 x  
F ig. 7. B reast cancer s ta ined  w ith Azan. T he filam en tous am ylo id  stains p a rtly  blue, p a r tly

orange. 400 x





R E C E N T  8TU D 1ES ON T H E  AM YLOID IN  M A LIG N A N T TUM OURS 4 6 5

fragm en ted  filam en ts am ong  th e  cells (Fig. 4). In  som e tu m o u rs , e. g .in  ad e n o ­
carcinom a of th e  sigm oid th is  fib rous substance  g iv ing  am yloid  reactions is t h e  
only  one to  occur a ro u n d  th e  tu m o u r nests ; th e  sm all nodes in  p a ro tid  tu m o u rs  
are also th ru s t b ack  b y  th e  filam en tous-lam ella ted  s tru c tu re s .

As to  its  m orpho log ical appearance, th is  p ecu lia r , filam entous p re c ip ita te  
giving am yloid  reac tio n s shows obviously  a g rea t s im ila rity  to  elastic  fib res . 
I t  w as therefo re  a tte m p te d  to  app ly  elastic s ta in in g . M uch to  our su rp rise  th is  
p roved  positive, inso far as in  cases of tu m o u r the substance staining as am ylo id  
stained w ithout exception intensely w ith resorcin-juchsin. B o th  the  hom ogeneous 
m asses an d  th e  b an d -lik e  fo rm ations in  m a m m a ry  tu m o u rs  (Fig. 5), a n d  th e  
sm aller nodes o f th e  p a ro tid  tu m o u r (Fig. 6), as w ell as th e  fib rous-filam en tous 
fo rm ations s ta in ed  a d a rk  b lu ish-v io let. The m a m m a ry  nodes w hich seem ed  
hom ogeneous on s ta in in g  w ith  m eth y l violet or Congo red , appeared  a fte r  e la s tic  
sta in in g  as a tan g led  m ass o f a ne tw ork  of elastic  fib res  m erging in to  th e  s tro m a . 
The am ylo id  m asses fo u n d  in  tu m o u rs  of th e  sigm oid , lungs an d  skin s ta in ed  w ith  
sim ilar in ten s ity . In  th e  la t te r  case th e  p ap illa ry  bodies were com pletely filled  
w ith  th e  b lu ish  v io le t su b stan ce  w'hich was e ith e r  hom ogeneous, or show ed a 
filam en tous s tru c tu re . A m yloid  in  B oeck’s sarco id  also gave a positive re a c tio n .

I t  w as th e re a f te r  exam ined  how genuine am y lo id  behaves on t r e a tm e n t 
w ith  elastic  s ta in . I t  w as found  th a t  n e ith e r th e  nodes in  sago spleen n o r th e  
am ylo id  adsorbed  to  sm all vessels an d  to  g lom eru lar loops in  am yloid nephrosis , 
or th e  am yloid tu m o u r occuring on th e  ribs in  a case o f m yelom a, fa iled  to  
s ta in  w ith  fuchselin . I t  w as also revealed  th a t  n e ith e r  th e  param ylo id  tu m o u r  o f  
th e  p a lp e b ra ,n o r som e so called am yloid tu m o u rs  o f th e  la ry n x  con tained  e lastic  
substances.

I t  was th e n  decided  to  determ ine  b y  m eans o f  digestion  w hether th e  am ylo id  
substance  giving s ta in in g  like elastic  m ateria l c o n ta in s  genuine e lastin . T he 
em bedded  sections p rev io u sly  th in ly  coated  w ith  celloidin were k ep t for 1 to  3 
hours a t 37 °C in  a 0,4 p e r cen t so lu tion  of th e  elastase*  d ilu ted  in a K o lth o ff  
buffer of ab o u t p H  10. S ubsequen tly , th e  sections w ere sta in ed  w ith  resorcin- 
fuchsin  and  w ith  Congo red . W e observed th a t  th e  elastic staining o j the am ylo id  
jo u n d  in  tum ours disappeared completely ajter digestion , neither did it sta in  w ith  
Congo red any  more. T h is eq ua lly  refers to  th e  hom ogeneous, as well as th e  b a n d ­
like an d  filam en tous fo rm s. T hus a fte r d igestion , respective ly  after d isso lu tio n  
of th e  e lastin , th e  special s ta in in g  of th e  p a ra p ro te in  adsorbed  to  elastic  m asses 
and  giving am yloid  reac tio n s has ceased com plete ly . I t  m ust be p o in ted  o u t ,  
th a t  digestion  of e las tase  does no t influence e ith e r  th e  special s ta in ing  o f o rgans 
from  cases o f generalized  am yloidosis, or th e  c a p a c ity  o f  th e  am yloid tu m o u rs  
of th e  skin  an d  th e  la ry n x , o r th a t  of m yelom atous cases to  s ta in  w ith  Congo red .

We desire to  express o u r th an k s to Mrs. I . B anga fo r th e  e lastase  used in  th e  e x p e r im e n ts .



Fig. 5. The m am m ary  tu m o u r of F ig . 1 s ta ined  w ith  resorcin fuchsin. 100 X  
Fig. 6. The p a ro tid  tu m o u r of Fig. 2 s ta ined  w ith  resorcin fuchsin. 100 X
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I t  is generally  know n th a t  th e re  are  tw o k inds o f  am yloidoses ; th e  se c o n d ­
a ry  am yloidosis of know n aetio logy, (su p p u ra tiv e , tubercu lous, etc .) a n d  th e  
p rim a ry  am yloidosis o f  unknow n aetio logy , in  w hich  th e  am yloid d ep o sits  do 
n o t occur in  th e  organs rich in  re ticu lo en d o th e lia l elem ents, h u t ra th e r  in  th e  
h e a r t, in  th e  s tr ia te d  m uscles, th e  tongue , e tc . This form  of d isease h as  
also b een  te rm ed  param yloidosis ( P icchin i an d  Fabris) and th e  am y lo id  
tu m o u rs  of th e  sk in  or of th e  u p p e r re sp ira to ry  tra c t  are p re su m a b ly  
local form s o f th is  disease. E x p e rim en ta l am yloidosis and  anim al am ylo idosis 
belong also to  th is  group, in to  w hich  we th o u g h t to  include also th e  am y lo id  
observed  in  tu m o u rs . Several au th o rs  d iffe ren tia te  also a th ird  group , i. e . th e  
am ylo id  occuring in  cases of m yelom atous hyperpro teinosis.

Since, accord ing  to  our ex p erim en ts , a considerab le  histochem ical d ifference 
in  e lastic  s ta in ing  an d  in  d igestib ility  w ith  e lastase  m anifests itse lf b e tw een  th e  
am ylo id  of generalized  am yloidosis as well as o f localized am yloid tu m o u rs , an d  
th e  am ylo id  occurring  in  m alig n an t tu m o u rs  an d  th e ir  surroundings, the inc lusion  
o j a fo u rth  group , which should be termed  »elastic am yloid« is recommended.

T here are s till fu rth e r h istochem ical differences to  be found  b e tw e e n  
e lastic  an d  o th e r am yloids.

1. R om hányi d em o n stra ted  th a t  th e  am yloid-C ongo red  com plex d isp lays 
doub le  refrac tion . In d ep en d en tly  o f  h im , Ladewig  has confirm ed th is , p o in tin g  
o u t, th a t  th e  о the rwise very  w eak  double re frac tio n  of am yloid is co n sid e rab ly  
au g m en ted  a fte r s ta in in g  w ith  Congo red . This is due to th e  dichroic s ta in a b ili ty  
o f  am ylo id , w hich follows from  its  subm icroscopic  m icellar s tru c tu re . O u r ow n 
ex am in a tio n s have  confirm ed th e  d ichro ism  described  b y  R om hányi in  ev e ry  
resp ec t ; com m on secondary  am ylo id  as well as am ylo id  tum ours of th e  p a lp e b ra  
o r  th e  la ry n x  show ed double re frac tio n  on s ta in in g  w ith  Congo red. O n th e  o th e r  
h a n d , elastic  am ylo id  displays no double re frac tio n . Thus the  p a ra p ro te in  p re ­
c ip ita te d  in  th e  fo rm  o f elastic, am ylo id  does no t show a system atic  p a ra c ry s ta llin e  
s tru c tu re . F rom  th is  it  follows th a t ,  u n d er ce rta in  conditions in  tu m o u ro u s  
d isease, th e  p a rap ro te in  developed locally  a ro u n d  th e  tu m o u r in co n seq u en ce  of 
an  an tig en -an tib o d y  effect, becom es adsorbed  to  th e  p robab ly  increased  a m o u n t 
o f  e lastic  fib res an d  lam ellae p resen t an d  a lters  th e  m olecular s tru c tu re  o f  th e  
p ro te in  in  such a w ay, th a t  b y  ta k in g  up  side chains it  will s ta in  sim ila rly  to  
am ylo id . W hen digested  w ith  e lastase , th e  side chains b reak  off, th e  special 
s ta in in g  reactions d isappear, b u t no subm iscroscopic m icellar-crystalline s tru c tu re  
is fo rm ed  during  th e  tim e ava ilab le .*

2. I t  is know n th a t  am yloid tak es  a sky-blue colour on s ta in ing  w ith  A zan . 
T here  is no difference in th is re sp ec t betw een  genuine am yloid and  th e  am orphous 
e lastic  one. O nly in  m yelom atous tu m o u rs  and  in  certa in  local am ylo id  tu m o u rs  
was th e re  observed a shade alm ost rem in iscen t o f  th e  dark  b lue s ta in in g  of

* The an am n estic  d a ta  of th e  b io p sy  m a te ria l  o b ta in ed  had never d a ted  b a c k  to  m ore 
th a n  a few m o n th s .
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collagen bundles. T h e  filam entous, i. e. less m a tu re  form  of th e  elastic  am y lo id , 
as well as its g ra n u la r  fo rm , stain , as a ru le , a lig h t blue, b u t occasionally  f ila ­
m e n ts  tak ing  a v iv id  yellow  colour occur am o n g  th e  ligh t blue am ylo id  fib res  
(F ig . 7). In  o th e r cases th e  filam entous a m y lo id  seen am ong th e  d a rk  b lue  col­
lagen  bundles s ta in s  re d  w ith  A zan an d  se ttle s  in  large masses a ro u n d  sk in  
tu m o u rs . This p h en o m en o n  is p robably  an a logous to  th e  »blue,yellow  a n d  o range 
p ro te in «  described b y  Zakharevskaya. The sam e fib res, i. e. those s ta in in g  lig h t 
b lu e , yellow an d  re d , all tak e  th e  sam e b ro w n ish -red  colour w ith  Congo re d , 
b lu e -red  w ith  m e th y lv io le t, and  b lack  w ith  resorcin-fuchsin . T hey  a re  d igested  
abso lu te ly  alike b y  e la s ta se . The ex am in a tio n  o f an  am yloid tu m o u r th e  size o f  
tw o  fis ts , w hich o ccu rred  o n  the  ribs of th e  a lre a d y  m entioned  p a tie n t su ffering  
fro m  m ultip le m yelom a, has called our a t te n tio n  to  th e  sim ilar, non-hom ogeneous 
s tru c tu re  of th e  n o d u la r  fo rm  of am yloid. O n s ta in in g  w ith  A zan a pecu lia r, red  
a n d  d a rk  blue, lam e lla te , concentric s tru c tu re  ap p eared  in  th e  am ylo id  nodes. 
T h e  nodes did n o t ta k e  e la s tic  stains, and  d isp lay ed  slight double re frac tio n  w hen 
s ta in e d  w ith  Congo re d . A  blue and  yellow  in d e fin ite  concentric s tru c tu re  was 
observed  in  th e  nodu les o f  the m alig n an t ad en o m a of th e  p a ro tid  fo rm erly  
described  ; these nodes, how ever, sta ined  as e la s tic  m ateria l, th e y  w ere d igestib le  
a n d  disp layed  no doub le  re frac tion  when s ta in e d  w ith  Congo red.

I f  we accept t h a t  th e  sim ilar s ta in in g  p ro p e rtie s  of am yloid, p a ram y lo id  
a n d  elastic  am yloid are  n o t  y e t  indicative o f  chem ical id en tity , th e re  is no reason  
to  assum e th a t  d iffe ren t s ta in ing  p roperties sh o u ld  n o t ind icate  a d ifference in  
chem ical s tru c tu re  (L eu p o ld )  . I t  seems p robab le  t h a t  differences in  th e  colour ta k e n  
b y  am ylo id  on s ta in in g  w ith  Azan are due n o t  o n ly  to  m echanical a n d  phy sico ­
chem ical factors b u t  also to  chemical d ifferences in  th e  com position of th e  p r o ­
te in s  adsorbed  to  th e  fib re s  a n d  nodules. In  th e  developm ent, or in  th e  su b seq u en t 
d isappearance  of th ese  differences th e  tim e  fa c to r  p lays an  em inent role.

I n  the  last p a r t  o f  o u r studies we ca rried  o u t an im al experim ents in  o rd er 
to  app roach  the  in itia l p h ase  of the process d escrib ed . We s ta rted  from  th e  obser­
v a tio n s  th a t a fte r X -ra y  irrad ia tio n  of p itu ita ry  tu m o u rs  am yloid deposits occur 
in  th e  neighbouring a rea s  o f  th e  brain  (Löwenberg) , an d  th a t  a fte r p re -o p e ra tiv e  
ir ra d ia tio n  of m am m ary  tu m o u rs , unusually  la rg e  am ylo id  masses w ere freq u en tly  
fo u n d . ( Bernâth ' s an d  our own  observations.) I n  an im als  inocidated  w ith  G u erin ’s 
tu m o u r , increased d e s tru c tio n  of p ro tein  cou ld  be  b ro u g h t abou t b y  re p e a te d  
X -ra y  irrad ia tio n . P a r t  o f  th e  anim als died sp o n tan eo u sly  after 2 to  3 w eeks, th e  
re s t  w as killed a fte r th e  sam e tim e. In  the  tu m o u rs  them selves sub tances s ta in in g  
w ith  Congo red  o ccu rred  occasionally , b u t m ore  fre q u e n tly  in  th e  w all o f  th e  v es­
sels w ith in  the  tu m o u r. T h e  in itia l process w as b e s t seen in  those organs in  w hich 
th e  subcu taneously  in o c u la te d  tu m o u r h a d  cau sed  m icroscopic m e ta s ia se s . 
D eposits  of p a rap ro te in  s ta in in g  w ith  Congo re d  w ere found  beside th ese  in  th e  
w alls o f th e  sm all a r te rie s  o r  in  th e ir  elastic la y e r. A m yloid  sta in ing  w as equally  
in ten se  in  organs d ire c tly  inocu lated  w ith  th e  tu m o u r. The am yloid  m asses
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s ta in ed  w ith  elastic  s ta in s . This p roperty  an d  also th e ir  s ta in ing  w ith  Congo red  
w ere lost a f te r  d igestion .

D iscussion

O n th e  s tre n g th  o f th e  above find ings we m a y  s ta te  th a t  th e  su b stan ce  
g iv ing am yloid reac tions w hich occurs in  tu m o u rs  and  th e ir  su rro u n d in g s, 
s im ilarly  to  b o th  th e  genuine am yloid and  th e  p a ram y lo id  of Picchini a n d  Fabris, 
has a p red ilection  to  th e  vascu lar wall, an d  in filtra te s  th e  elastic  e lem en ts . 
( A p itz , W iener.) T he process s ta r ts  in  th e  in n e r elastic  layer, spreads fro m  here 
to  th e  vascu la r walls u n d  from  there  to  th e  e lastic  substance of th e  su rro u n d in g  
s tro m a , increased in  am o u n t owing to  th e  desm ogenous effect o f cancer. I n  th e  
adv an ced  stage, deposits o f elastic  am yloid  occur n a tu ra lly  quite in d ep en d en tly  
o f  vessels.

H ere  we m u st b rie fly  m ention  the  s ta in ing  w ith  Congo red  of e lastic  substances in  g enera l. 
In  th e  lite ra tu re  th ere  a re  occasional references to  th e  fa c t th a t  norm al elastic  fib res  s ta in  w ith  
Congo red . R oussy  an d  A p itz  have m entioned th is , and  also Roulet refers to  i t  in  his w ell-know n 
book. W ith  M atsam urà 's Congo red m ethod , a fte r  d iffe re n tia tio n  w ith  p h o sp h o tungstic , e la stic  
fib res  assum e a v io le t co lour. Congo red  is an acid  ben zid in e  dye belonging to th e  d iazo  g roup  of 
dyes. I t  was in tro d u ced  as a  special am yloid  dye b y  B ennhold  in  1922. A t p resen t C ongo red  is 
considered  th e  best an d  m o st co n stan t in d ica to r o f am y lo id , persisting  a fte r d ig es tio n  w ith  
hydroch lo ric  acid  and  pepsin , as w ell as a fte r decom position  and passing th rough  th e  in te s tin a l 
t r a c t.  ( M issm ahl)  O th er am ylo id  sta in ings d isap p ear o r change afte r digestion. (A m ylo id  sta in ed  
w ith  A zan  assum es a red  colour a fte r d igestion w ith  h y d ro ch lo ric  acid and pepsin.) T he ch ro m ato - 
p lioric azo group ( — N  — N  — ) of Congo red  is b o u n d  n o t o n ly  by  th e  side chains o f th e  a m y lo id , 
b u t  i t  a lso  sta in s  e le id in , k e ra tin  and the pecu liar g ra n u la r  substance  p resen t in  the  p a r ie ta l  cells of 
th e  stom ach. I t  also s ta in s  p a r t  o f the  chrom otropic lip id s. A ccording to our studies, i t  a lso  sta ins 
th e  g ranu les of the  eosinophilic  w hite  blood cells, b u t  a f te r  d ifferen tia tio n  the sta in in g  d isappears. 
F ib r in  and fib rin o id  p rec ip ita ted  w ith in  necro tic  a reas also  s ta in  w ith  Congo red b u t  th e  colour 
d isap p ears  d u rin g  d iffe ren tia tio n . As to the s ta in in g  o f e la s tin , we have observed th a t  th e  n e tw o rk  
o f e la stic  fib res  in  th e  lungs or th e  sk in  alw ays fa ils  to  s ta in  w ith  Congo red. T he d y e , how ever, 
freq u e n tly  sta ins th e  w a lls and th e  e lastic  e lem ents o f th e  larg e r arteries and i t  is d if f ic u lt  to 
dissolve i t  from  such vessels. S ta in ing  w ith  Congo red  m u s t be considered positive o n ly  in  sections 
in  w hich  th e  connective  tissue  has discoloured co m p le te ly  in  th e  course of d iffe re n tia tio n . As to  
th e  in n e r  e lastic  lay e r o f a rte rie s  corresponding in  ca lib re  to  the  sm all vessels o f th e  k id n ey , 
we have  observed th a t  in  h ea lth y  anim als i t  d id  n o t  s ta in  w ith  Congo red and re ta in e d  th e  s ta in  
on ly  i f  th e  specim en o rig in a ted  from  an an im al w ith  d y sp ro te inaem ia  due to  tu m o u r ,  lead  
poisoning, non-specific  in flam m ato ry  processes, e tc . T h is  observation  is fu rth e r su p p o rte d  by  
th e  follow ing. The e la stic  e lem ents of the  sm all vessels, th e  sk in  and the lungs assum e a d a rk  
b lue  colour on sta in in g  w ith  A zan, ju s t  as co llagen  fib res . Congophilic f ib res  w h ich  have 
adso rbed  p a rap ro te in  ta k e  a b r i l l ia n t  sky-blue co lour w ith  A zan, in sharp c o n tr a s t  ag a in s t 
th e  d a rk  b lue  v a sc u la r  w alls. A lone the  e lastic  f ib res  app earin g  sky blue a re  cap a b le  of 
s ta in in g  w ith  Congo red , p rov ing  th ereb y  th a t  som e foreign  substance had becom e ad so rb ed  to  
them . I t  m ay be observed again and again that im m ediately beside the tumour the homogeneous 

substance stains w ith  Congo red, while a little farther o f f  it takes up  only elastic dyes.

W e believe, in  agreem ent w ith  Loeschke , L ehm ann—Facius , Letterer and  
his school, Schneider, G indin  and Glebova, th a t  th e  appearance of am ylo id  a ro u n d  
tu m o u rs  is due to  an  an tigen -an tibody  reac tio n , th e  an tigen  being sup p lied  b y  th e  
carc inom atous p ro te in , while antibodies a re  p ro b a b ly  produced b y  th e  organism  
w ith  th e  in te rv en tio n  o f p lasm a cells, p a r t ly  locally , and  p a rtly , as seen in  an im al
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ex p e rim en ts , in  rem ote  o rgans. The fac t, th a t  a su b stan ce  sta in ing  w ith  Congo red  
is fo rm ed  in  a n tig e n -a n tib o d y  reactions w as p ro v e d  b y  the  following ex p e rim en t.

0,1 m l of sheep serum  w as in jec ted  in tra d e rm a lly  in to  a rab b it. A round th e  site  o f th e  
in je c tio n  hom ologous r a b b it  im m une-serum  was in je c te d  in tra d e rm a lly . The no d u les re su ltin g  
w e re  excised 3, 12, 34 h o u rs , resp ec tiv e ly  2, 3, 5 an d  12 d ay s  la te r  and w orked u p  h is to lo g ica lly . 
W e ll-m a rk ed  m ig ra tio n  o f w h ite  blood corpuscles a ro u n d  a  larg e r centre  w as observed  in  th e  
f i r s t  p rep ara tio n  a lre ad y , an d  in  the  leucocytes g ra n u le s  s ta in ing  in tense ly  w ith  Congo re d . 
T h e  p rocess was m o st m ark e d  a f te r  24 hours, w ith  a  g re a t  num ber of w hite  b lood cells  accu ­
m u la te d  around  a  cen tre  an d  v e ry  m arked  oedem a e x te n d in g  fa rth e r on. W ith  Congo red  th e  
g ra n u le s  in  the  leucocy tes s ta in e d  in tensely . T h ey  d id  n o t  s ta in  w ith  m eth y l v io le t, w h ile  w ith  
A z a n  b o th  the  g ran u les  in  th e  leucocytes, and th e  oed em ato u s f lu id  sta ined  red . T he co llagen  
b u n d le s  were b lue  and  increased  in  size. The g ra n u le s  d id  n o t s ta in  w ith  e lastica . Tw o o r  
th re e  days la te r  th e  oedem a decreased considerably , th e  in f iltra tio n  was s ti ll  fa ir ly  m a rk e d . 
5 to  7 days la te r , th e  oedem a d isappeared , th e  in f i l t r a ta t io n  decreased co nsiderab ly . W h ite  
b lo o d  cells filled w ith  g ra n u le s  s ta in in g  w ith  Congo re d  w ere seated in  b o th  th e  in f il t r a t io n  
a n d  a ro u n d  the sm all ly m p h  d u c ts  situ a ted  nearer to  th e  ep ith e liu m . On the  7 th  day  loca l changes 
d isa p p ea red , only u n d e r  th e  ep ith e liu m  and a round  th e  ly m p h  ducts o f th e  p a p il la ry  bod ies 
w e re  p re sen t groups consisting  o f 4 to 5 w hite b lood  ce lls  laden w ith  th e  above d escribed  
g ra n u le s . On the  12th d a y  also th e  w hite blood cells  d isap p eared . The w hite  b lo o d  cells in  
q u e s t io n  were n o t eosinoph ilic  granulocytes.

F ro m  th is  ex p erim en ts  i t  follows th a t  p a r t  o f  th e  pa rap ro te in  o rig in a tin g  
fro m  th e  an tib o d y -an tig en  reaction  becom es p h ag o cy ted  by  w hite b lood  cells. 
T h e  substance  reac ts  po sitiv e ly  to  Congo re d  b u t  in  its  fresh stage i t  s ta in s  red  
w ith  A zan . Since th e  p h ag o c y te d  substance  is c a rr ied  aw ay b y  w hite b lood  cells 
th ro u g h  the  lym ph  d u c ts  an d  there  is no fu r th e r  an tig en  available, th e  ad so rp tio n  
to  e la s tic  fibres an d  th e  subsequen t ripen ing  p rocess of the  substance  c an n o t be 
o b serv ed  under th e  above m entioned  e x p e rim e n ta l conditions.

A dditional o b se rv a tio n s seem ed to  show  t h a t  th e  adsorp tion  of p a ra p ro te in  
g iv in g  am yloid reac tio n s is p receded  — a t  le a s t in  ce rta in  cases —  b y  an  in c rease  
in  a m o u n t of elastic  su b stan ces . We observed in  m am m ary  and  especially  in  sk in  
can cers  th a t  the  hom ogenous o r filam entous s tru c tu re s , filling th e  w hole p a p illa ry  
b o d y  an d  in v ad ing  th e  s tro m a  of th e  tu m o u r, a n d  sta in ing  ad eq u a te ly  w ith  
eosin  an d  van  G ieson’s s ta in , proved to be elastic lamellae and fibres and d id  not y e t  
give  am yloid  reactions. I t  is, accordingly, possib le  th a t  the  appearance o f e lastic  
am y lo id  was preceded , — perhaps in every  case — b y  an  increase in  th e  am o u n t 
o f  e la s tic  elem ents, w h ich , fo r instance  in  sc irrh u s , m ay  proceed para lle l w ith  th e  
tu m o ro u s  increase in  th e  am o u n t of connective tissu e . F inally , m ost rem ark ab le  
w ere  th e  cases, for in s tan ce  basa l cell or sq u am o u s cancers of th e  skin, in  w h ich  in  
a re a s  q u ite  rem ote fro m  th e  tu m o u r, such a m a rk e d  elastosis o f th e  su b cu tan eo u s 
co n n ec tiv e  tissue o ccu rred  w ith o u t am yloid re a c tio n , as in  th e  im m ed ia te  n e igh ­
b o u rh o o d  of th e  tu m o tir  i ts e lf  ( Gruber, M iller, F arkas) .

L ite ra ry  d a ta , to o , b e a r  w itness to  th is  phenom enon . A w oki found  d e s tru c ­
t io n  o f  th e  norm al e las tic  sy s tem  in th e  skin o f aged  persons and  sub jec ts su ffering  
f ro m  arteriosclerosis or tu m o u r, and observed in  its  place the  appearance  o f  rig id  
t r a b e c u la r  form s an d  c lum ps s ta in ing  w ith  e la s tic a  sta ins. Ohno found  s im ila r 
ch an g es  in  the  facial sk in  o f old persons and  called  a tten tio n  to  the  s ta in in g  w ith
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S udan  an d  .'Nile blue of e las tic  elem ents. I t  is w ell-know n th a t  Rojfo  found  in  th e  
so-called »seam an’s sk in« , exposed  to  the  vicissitudes of w eather, a consid ­
erab le  increase in  cholesterol. R em arkable  are th e  observations of W aljashko  
w ho in  cases of fib rous cancer of th e  b reast observed, along w ith  th e  de­
s tru c tio n  of elastic e lem en ts, also th e ir  increase in  am o u n t. This he th o u g h t 
to o rig inate  from  the  e lastic  su b stan ce  of the d u c ts , th e  vessels and th e  g lands. 
W aljashko  did no t ca rry  o u t am ylo id  reactions, nevertheless it  seems p robab le  
th a t  he observed a phenom enon  sim ilar to  the  one noticed  b y  us.

T he sam e can he said  of th e  observations of G. B . Gruber, who som e y ears  
ago described under th e  te rm  » m am m ary  elastosis« increased  elastic  m asses, 
occurring  as well in  th e  w alls of th e  veins as a round  them , and  a round  th e  m ilk  
d u c ts . H e could p resen t no ad eq u a te  exp lanation , b u t  th o u g h t th a t  m echan ical 
fac to rs are chiefly  responsible for th e  phenom enon. These fac to rs w ould m an ifest 
them selves w ith  a th ick en in g  o f th e  vessels com pressed b y  th e  tu m o u r, an d  w ith  
th e  narrow ing  and  occlusion of th e  lum ina. He did  no t perform  am yloid  sta in in g s.

S ta rtin g  from  th e  ex am in a tio n s of Gruber, J . M iller  observed »elastosis o f 
the sk in« . C iting M . B . Schm id t, M iller  described th e  above m en tioned  changes 
in  th e  otherw ise norm al sk in  covering m am m ary  tu m o u rs . M iller did n o t p erfo rm  
am ylo id  reactions e ither, an d  th u s  th e  possib ility  th a t  a t least one o f h is cases 
m igh t have belonged to  th e  group of elastic am yloidoses canno t be ex c lu d ed . 
R em arkab le  is his o b se rv a tio n  th a t  a f te r  a tim e  th e  elastic  lam ellae lo st th e ir  
s ta in in g  capacity  and  change in to  elacin. In  our own cases we succeeded once 
in  d e tec tin g  elacin in  a m am m a ry  tu m o u r b u t only in  th e  v ic in ity  o f th e  m asses 
o f e lastic  am yloid. M iller  th o u g h t th a t  in  doubtfu l cases th e  appearance  o f elastosis 
w ould be ind icative of cancer. O th e r au thors, such  as W aljashko , A rzt, den ied  th is  
a ssum ption . The changes a re  b y  no m eans specific, because, as m en tio n ed  above, 
T eilum  p robab ly  observed th e  sam e process in  some typ es of collagen v ascu la r 
disease, such as e ry th em ato d es , e tc ., and we ourselves have seen i t  to  occur 
in  B oeck ’s sarcoid, and  in  p e ria rte riitis  nodosa. H ow ever, we nev er observed  
it  a ro u n d  sarcom as. T he ap p earan ce  of elastic am yloid , a lthough  c e rta in ly  no t 
o f a specific ch aracter, is in  d o u b tfid  cases none th e  less ind ica tiv e  of m a lig n an cy .

N um erous au tho rs h av e  s tu d ied  the  role of p lasm a cells in  th e  fo rm a tio n  
o f b lood p ro te in  of coarser dispersion, p a rticu la rly  o f globulin , and  p a ra lle l w ith  
th a t ,  o f an tibodies. (F or th e  lite ra tu re , see B ern á th ). A ccording to  A p itz  p lasm a 
cells co n stitu te  a p ro te in -fo rm ing  system  eq u iva len t to  th e  re ticu lo en d o th e lia l 
sy stem , th e  liver and  th e  bone m arrow . I t  was Bartha  who has called a t te n tio n  
to  th e  fa c t th a t  in  ce rta in  cases w hen, in  co n trast w ith  ex p ec ta tio n , th e  n u m b e r 
o f p lasm a cells is no t increased , in  th e  bone m arrow  sm ear th e y  u su a lly  e x h ib it 
s tru c tu ra l changes. In  ou r f irs t  cases Bernáth, too , found  an  increase in th e  n u m b er 
o f p lasm a cells and  since th e n  we have observed th is  phenom enon in  som e fu r th e r  
p a tie n ts . I t  m ay  be assum ed, th a t  in  cases in  w hich a t th e  tim e  of the  ap p ea ran ce  
o f  e lastic  am yloid p lasm a cells could no longer be m et w ith , th e y  h a d  been
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p re s e n t  only a t th e  o n se t o f  th e  process. ( A p i tz .)  I t  is o f im p o rtan ce  th a t  th e ir  
ap p earan ce  is c o rre la ted  w ith  the  fo rm atio n  o f  an tibod ies, as show n b y  th e  
T ecen t experim ents o f  Chun-Chang  and  C hi-L uen-Se , carried  ou t w ith  ty pho id  
vacc in e . A ccordingly, a n tib o d ie s  contain ing  p la sm a  cells w ith  a fo am y  cy to ­
p la s m  and som etim es w ith  a ru p tu red  m em b ran e  are s to red  also b y  serous 
m em branes, e. g. th e  o m en tu m . I t  is a re le v a n t fac t th a t  th e  norm al colloidal 
co n d itio n s  of the  b lo o d  p la sm a  are d is tu rb ed  a n d  th a t  in  th e  range of globulins 
a n  increase occurs, co rresp o n d in g  to a n tib o d y  p ro d u c tio n  (L etterer) . A ccording 
to  th e  experim ents o f  Bohle, H artm ann  a n d  Pola, a d is tu rb an ce  of norm al 
co llo idal equilibrium  is th e  condition  of am y lo id  p rec ip ita tio n , inasm uch  as from  
a m o n g  animals t r e a te d  w ith  yeast nucleinic ac id  those  have developed am yloido­
sis in  w hich the  e le c tro p h o re tic  p a tte rn  show ed th e  h ighest increase in  th e  am ount 
•of gam m a globulin.

In  form er s tu d ies  w e have repeated ly  described  th e  single fac to rs of the  
defensive syndrom e o f th e  cancerous o rgan ism . To these  belong, f ir s t  of all, 
th e  changes in th e  » m ilieu  in terne«  freq u en tly  app earin g  often  as ea rly  as in the  
pre-carcinom atous s ta g e , m anifesting  them selves in  alkalosis, in fluc tua tions 
o f  th e  reserve alkali, in  increased  secretion  o f  th y reo tro p ic , m elanophoric and 
gonado trop ic  horm ones, in  consecutive h y p erth y reo sis , in  increased  to n e  level of 
th e  vegetative nervous sy s te m  and  its increased  sen s itiv ity  to  ad rena lin , insulin 
a n d  oxygen. All th e se  fu n c tio n s  are u n d er c e n tra l neurohorm onal contro l, as 
w ell as the a lte ra tio n s in  th e  com position o f b lo o d  p lasm a. (W u h rm a n n .)  The 
sa m e  refers to  th e  m ucopolysaccharides o f th e  connective tissues, of th e  fibres 
a n d  o f the cells (B r u x  a n d  Boistesselin), as w ell as to  an tig en -an tib o d y  reactions 
(S p e ra n sk y ) . A m ylo id like substances such as fib rin o id , m ucin , or hyaline , are 
a f te r  all depolym erized fo rm s of these g lycopro te in s. (We have to  p o in t ou t th a t  
th e  am orphous e lastic  am y lo id , and, accord ing  to  Altschuler an d  Angevine, also 
th e  secondary am ylo id , c o n ta in  p arts  giving a po sitiv e  Schiff reac tio n  an d  sta in ing  
l ig h tly  w ith m ethy l g reen).

A part from  th e  chan g es m entioned, accord ing  to  B ru x  an d  Boistesselin, 
desoxycorticosterone a n d  testo ste rone  also ra ise  th e  am o u n t of glycoproteins in 
t h e  connective tissue . A n d  w h a t is m ore, in  consequence o f th e ir  ac tion , the 
co llag en  bundles m a y  s ta in  w ith  Congo red  a n d  am yloid-like areas m ay  appear. 
I t  is m ost probable th a t  th is  ac tion  proceeds p a ra lle l also w ith  a n tib o d y  fo rm ation .

According to  th e  l i te ra ry  da ta  en u m e ra te d  and  ou r ow n observations 
w e consider in  cases o f cancer the appearance o f the specific substance termed 
» elastic amyloid« as a p ro d u c t of an antigen-antibody reaction and as the morpho­
logical expression of this reaction, and believe that it m ay be ranged into the defensive 
syndrom e of the carcinom atous organism.
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S u m m ary

In  num erous cases of cancer of th e  b reast, of the  sk in , in  p a ro tid  tum ours, in  ad en o ­
carcinom a and  lung  carcinom a a substance w as observed w hich  sta in ed  a hom ogeneous red  w ith  
eosin, yellow ish-brow n w ith  v an  Gieson’s s ta in  and which, on sta in in g  w ith  Congo red , assum ed 
in  each  case a b row nish-red  colour ; m etach rom asia  on s ta in in g  w ith  m ethy l-v io le t, po lychrom e 
m eth y len e  b lue  or iodine green did n o t r e su lt  sys tem atica lly . T his substance g iv ing  am y lo id  
reac tio n s appears in  larg e  nodes, bands, o r in  broad lam ellae . A round  its  hom ogeneous m asses 
fresh ly  p rec ip ita ted  m a te ria l  is seen in th e  fo rm  of fragm en ted , f req u en tly  g reatly  tw isted  fib res . 
B o th  th e  fib res and th e  hom ogeneous m asses s ta in  in ten se ly  w ith  e lastic  dyes. A fte r d ig es tio n  
w ith  e lastasc  they  do n o t any m ore sta in  w ith  Congo red or e la stic  sta ins . N e ith e r the  o rg an s from  
cases o f secondary  am ylo id , nor the so-called  local am yloid tu m o u rs  s ta in  w ith  e lastic  s ta in s , n o r 
a re  th ey  d igestib le. A d d itio n a l h istochem ical differences be tw een  com m on am ylo id  a n d  th e  
» e lastic  am yloid« described are the  lack  of d ichroic  s ta in ing  on  tre a tm e n t w ith  Congo red , a n d  th e  
pecu lia r b lue, yellow  or red  colour assum ed on  sta in ing  w ith  A zan . T he in itia l phases o f th e  p ro ­
cess w ere exam ined in  an im al experim ents ; increased  d e s tru c tio n  of p ro te in  was b ro u g h t a b o u t  
b y  exposing the  ino cu la ted  tum ours to X ra y  irrad ia tio n . T he ap p earance  of am yloid  in  tu m o u rs  
is believed  to  be a re su lt of an  an tig en -an tib o d y  reaction  in  w hich  th e  an tigen  is su p p lied  b y  th e  
carc inom atous p ro te in .l t  is th o u g h t th a t  th e  appearance of th e  substance  term ed  elastic am yloid  
is a  p ro d u c t o f an an tig en -an tib o d y  reac tio n  being the  m orpholog ical expression of i t ,  an d  th a t  
th e  process belongs to  th e  defensive syndrom e of the  carc inom atous organism .
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ДАЛЬНЕЙШИЕ ИССЛЕДОВАНИЯ К ВОПРОСУ АМИЛОЙДА, НАХОДЯЩЕГОСЯ 
В ЗЛОКАЧЕСТВЕННЫХ ОПУХОЛЯХ

И. Шюмеги, Л. Горецкий и И. Рот 

Р е з ю м е
Авторы во многих опухолях молочной железы и кожи, околоушной железы, во 

многих случаях аденокарциномы и рака легких нашли вещество, красящееся еозином в 
однородный красный цвет, а по ван Гизону в желто-коричневый цвет. Вещество кон- 
горотом красилось в каждом случае в коричневый красный цвет ; метилвиолетом, поли- 
хромной метиленовой синькой или иодгрюном метахроматическая реакция то полу­
чалась, то нет. Дадное вещество, дающее положительную реакцию на амилоид, встречается 
в виде грубых глыбок, тяжей, в широких пластах под эпителием кожи.

Вокруг однородной массы видно и более молодые фазы отложения в виде отры­
вистых, часто круто извилитых нитей и волокон. Как эти волокна, так и однородные массы 
резко окрашиваются на эластин и после переваренияэластазой потеряют как положитель­
ную окраску конгоротом, так и окраску на эластин. Органы больных страдающих вторич­
ным амилоидозом, и т. н. местные амилоидные опухоли не окрашиваются эластикой и не 
потеряют окраску конгоротом после переварения эластазой. Дальнейшей гистологиче­
ской разницей между обыкновенным амилоидом и описанным здесь »эластичным« амилои­
дом является отсутствие дихройческой окраски конгоротом и окрашаемость азаном в 
своеобразный синий, желтый или красный цвет.

Начальные стадии процесса изучались в экспериментах над животными : усилен­
ный распад белков вызвался рентгеновским облучением перевиваемых опухолей.

По мнению авторов появление амилоида в опухолях вызывается реакцией анти­
генов с антителами. Антигеном служит раковый белок. Появление вещества, названного 
авторами »эластичным амилоидом« они считают следствием реакции антигена с антителом, 
— морфологическим проявлением этой реакции и осматривают данное явление как часть 
общей синдромы сопротивления организма против рака.
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