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T he c lassifica tion  of b ra in  tu m o u rs  acco rd ing  to  B a i l e y  an d  Cu s h in g  
[1] c o n s titu ted  th e  basis  of th e  th eo re tica l an d  p rac tica l q u estio n s of neu ro ­
oncology  for decades. T he classifica tion  was based  on an a lo g y  w ith  th e  norm al 
h isto g en e tic  succession in  n ervous tissue , w hich  a t  th e  sam e tim e  p resum ed  th e  
so-called  un icen tric  th e o ry  o f th e  rise of tu m o u rs , n am ely  th e  rise o f tu m o u rs  
from  restin g , u su a lly  ec top ic  cell g roups a t  d iffe ren t s tag es  o f developm ent
[11, 12, 13].

As neu ro su rg ery  developed  th e  in ad eq u acy  o f  c la ssifica tion  becam e m ore 
an d  m ore p ro m in e n t; even th e  a u th o rs  called a tte n tio n  to  som e o f these  defi­
ciencies. I t  is m ore u rg e n t to  define m ore closely th e  b io log ical ch a rac te r o f 
th e  tu m o u rs  th a n  to  solve th e  h istogenetic  q u estio n , f irs t o f  all in  view  of th e  
o p e ra tio n  and p rognosis . A t th e  sam e tim e o u r a t te n tio n  w as m ore and  m ore 
d irec ted  tow ards th e  th e o ry , th a t  th e  g liom ata  arise  from  in ta c t ,  m a tu re  glia 
cells by  th e  m eans o f  a s tim u la tio n  u n k now n . T h is th e o ry  was su p p o rted  
am ong  o thers by  Z im m e r m a n n  [34], N e t s k y  e t al. [26] b y  th e ir  experim en ts 
on an im als.

T his th eo ry  led to  th e  sim plifica tion  of th e  c lassifica tion . In  p rac tice  —  
ta k in g  in to  co n sid e ra tio n  th e  p rognostic  conclusions gained  from  th e  h isto log­
ical p ic tu re — in one re sp ec t th e y  co n cen tra ted  g roups, on th e  o th e r h an d , th e y  
es tab lish ed  d ifferen t degrees o f m alignancy  in ce rta in  g roups. T h u s K e r n o h a n  
e t al. [32] drew' to g e th e r  th e  a s tro c y to m a -a s tro b las to m a-g lio b la s to m a  groups 
an d  estab lished  an  a s tro c y to m a  ca tego ry  m ark ed  w ith  fo u r n u m bers. R in - 
gertz  [31] kept o n ly  th re e  g roups and  re ta in e d  th e  g lio b lasto m a n am e; th e  
so-called  in te rm ed ia te  a s tro c y to m a  group re p re se n ts  the  tra n s i t io n  form . We 
also d iv ided  our m a te r ia l in to  th ree  groups, f irs t o f all th e  ab o v e , tak in g  in to  
co n sid e ra tio n  the p ra c tic a l p o in ts  o f view : “ a s tro c y to m a ” , “ as tro cy to m a  o f 
m a lig n a n t tissue s t r u c tu r e ”  and  “ g liob lastom a m u ltifo rm e” .

N e ith e r the  c o n se rv a tiv e  concep tion  of Z ülch  [35] n o r th e  in n o v a tio n s 
o f  K e r n o h a n  gave fu lly  a d e q u a te  c lassifica tions. T h ere fo re  it  is necessary  
to  seek for fu r th e r  d a ta .  To ta k e  a c o n firm a to ry  s ta n d  or to  seek for a new 
d irec tio n  in this q u es tio n  is only  possible a fte r  a m ore th o ro u g h  in v estig a tio n
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a n d  in tro d u c t io n  of new te c h n ic s . T h u s  th e  ro u tin e  m e th o d s o f h is to lo g y  m u st be 
c o m p le m e n te d  by o ther b io lo g ica l m ethods. To co m p are  th e  h isto log ical 
p ic tu re  a n d  th e  biological b e h a v io u r  of tu m o u rs , th e  tissu e  c u ltu re  m ethod  
seem s to  be  above all th e  m o s t a p p ro p ria te .

S in ce  th e  fu n d am en ta l r e p o r t  o f Ca n t i , B l a n d  an d  R u s s e l  [4] on th e ir  
in v e s t ig a t io n  of gliom ata in tis su e  c u ltu re , m any  o th e r a u th o rs  have  d e a lt w ith  
th e  q u e s tio n . In  tissue c u ltu re s , so fa r  m ostly  cy to log ical a n d  cy to p a th o lo g ica l 
o b s e rv a tio n s  were m ade [2, 8, 17 ,  18, 19, 20, 24, 28, 29 ] .  Likew ise th e  effect of 
c y to s ta t ic  com pounds was s tu d ie d  w ith  th e  sam e m eth o d  [9, 13, 14, 21, 25].  
C u ltu re  observ a tio n s w ith  th e  h e lp  o f tim e-lapse film s o f th e  glial cell-types 
r e n d e re d  i t  possible to  o b se rv e  differences in th e  m o v em en t ph en o m en a . 
S tu d ie s  on  th e  pulsation  of th e  g lia l e lem en ts , how ever, are  co n flic tin g . P omerat  
[28] d e e m s  pulsation  c h a ra c te r is tic  of th e  o ligodendroglia  cell; on th e  o th e r 
h a n d , B e r g  [3] observed th is  p h en o m en o n  in th e  case o f  a s tro c y te s  as well.

I n  o u r  firs t, p resen t, co m m u n ic a tio n  we describe  o u r o b se rv a tio n s  in 
tissu e  c u ltu re  on the b e h a v io u r  o f th e  h isto log ically  labe lled  a s tro c y to m a , 
a s t r o c y to m a  m alignum  an d  g lio b la s to m a  tu m o u r g roups. W ith in  th e  possib ili­
ties o f  th e  m ethod  we e n d e a v o u re d  to  determ ine  th e  b io logical an d  cy to logical 
p ro p e r t ie s  o f the  designated  tu m o u r  groups and  co lla te  o u r  o b se rv a tio n s  w ith  
th e  h is to lo g ic a l diagnosis, to  ga in  d a ta  concern ing  w h a t m ig h t be ex p ec ted  
o f  th e  tu m o u rs  in vivo.

M ater ia l  and method

T h e  e x p ian ts  were of t u m o u r  m a te r i a l  ta k e n  during  o p e ra t io n  u n d e r  sterile conditions.  
D u r in g  o u r  investigations we m a d e  t is su e  cu ltu res  from 107 p a t i e n ts ,  60 of t h e m  were su p ra ­
t e n t o r i a l  g l io m a  species, be longing to  t h e  a s t rocy tom a-g l iob las tom a group .  48 o f  th e  60 spe­
c im e n s  sh o w e d  appreciable g ro w th  in  t is su e  culture.  F ro m  th e  12 unsuccess fu l  cases 7 failed 
in  a c c o u n t  o f  technical sho rtcom ings ,  a n d  on ly  3 a s t rocy tom a a n d  2 g l iob las tom a cu ltu res  were 
u n su c c ess fu l .  This shortcoming m a y  h a v e  orig ina ted  from  th e  poss ib i l i ty  t h a t  du r ing  the 
o p e r a t io n  t h e  selection of m ate r ia l  w a s  n o t  a lw ays favourable  a n d  th e  piece of tu m o u r  rem oved  
for  e x p l a n t a t i o n  may have been  n ecro t ic .

T h e  above  numerical d a t a  sh o w ,  how ever ,  t h a t  the  c u l t iv a t io n  of a s t rocy tom a-g l io ­
b l a s to m a  t is sue  from h u m an  t u m o u r  c a n  be carried  ou t  w i th  good resu l ts  a n d  th e  p rocedure  
m e n t i o n e d  below can be p e r fo rm e d  w i t h o u t  p a r t icu la r  d if f icu l ty .

I n  o u r  present  c o m m u n ica t io n  we on ly  describe our o b se rv a t io n s  of 21 e x p la n ta t io n s  
f ro m  t h e  g ro u p  of 48 successful cases.  F o r  un ifo rm ity  of m a te r ia l  a n d  e v a lu a t io n  we do no t  
dea l  a t  p r e s e n t  with observations o f  t u m o u r  recurrence, fu r th e r  we exclude  those  m ateria ls  
s t i l l  u n d e r  cu ltu re  and ob se rv a t io n  w h e n  we closed our p re sen t  c o m m u n ica t io n .

T h e  histological diagnosis o f  t h e  21 exam ined  tu m o u rs  are as follows:

I .  as t rocy tom a 4
I I .  a s t rocy tom a m al ig n u m  4

I I I .  glioblastoma 13

F o r  comparison we m ade  t i s su e  c u l tu re s  f rom  h u m an  n o n - tu m o ro u s  white  m a t t e r  of  the 
b ra in .  W e  g o t  the  material p a r t i a l ly  f ro m  th e  resected tem p o ra l  lobe o f  epileptic  cases, par t ia l ly  
f ro m  t h e  cerebellum  when o p e ra t in g  a ponto-cerebe lla r  tu m o u r .  W e m ad e  ex p la n ta t io n s  from 
5 p a t i e n t s  a n d  4 gave sa t is fac to ry  g r o w th  in tissue culture.  One e x p la n ta t io n  of th e  cerebellum 
w a s  u n su ccess fu l .

A f t e r  removing the tu m o u r  t is su e  we placed it  in physio logical  saline so lu t ion  an d  kep t  
i t  in  a  -J-4.0°C refrigerator t il l  e x p la n t a t io n .  The  ex p la n ta t io n s  were carr ied  o u t  1 2 —48
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hours a f te r  th e  o pe ra t ion .  E v en  af te r  48 h o u rs ’ s to rage  th e re  was no reduct ion  in  p ro l ife ra t ive  
ac t iv i ty .  In  th ree  cases we m ade  an  a t t e m p t  to e x p la n t  the  m ateria l  af te r  72, a n d  96 hours  
sto rage  on ice b u t  ob ta in ed  no  growth.

We m ad e  tube- ,  and  M aximow cultures .  T h e  p la sm a  clot consisted of cockerel  p lasm a  
and 7-day  chick em b ry o  e x trac t .  The  su p e r n a t a n t  consis ted  of 50 per  cent h u m a n  se rum ,  45 
per  c en t  T y ro d e  solu t ion  and 5 per  cen t  chick e m b ry o  e x tra c t .  We changed th e  f lu id  phase  
weekly.

T he  cu ltu res  were s tud ied  as l iving a n d  as s ta in ed  p repara tions .  We p r e p a re d  th e  cul­
tures  tak in g  in considera tion  the la ten t  period o f  g ro w th  and  t rea te d  th em  accord ing ly .  The  
obse rva t ions  la s te d  for 36 days.  Afte r  f ix ing  th e  c u l tu res  in methylalcohol  we s ta in e d  th e m  
w i th  May G rü n w ald  -Giemsa solution. We m ade  a h u n d re d  cultures f rom  one spec im en .

To e v a lu a te  the  cultures  we observed the  m orpholog ical  charac te r  of the  cells,  the  l a te n t  
period o f  g row th ,  the  m ito t ic  ac t iv i ty ,  fu r th e r  th e  in te n s i ty  of  clot liquefaction.

T he  o p e ra t iv e ly  rem oved  tu m o u r  tissue was p re p a re d  according to the  classical neuro- 
pa tho log ica l  m ethods .  The histological  diagnosis was pe rfo rm ed  af te r  thorough  e x a m in a t io n s  
of the  whole rem oved  tu m o u r  tissue, — from  t im e to t im e  employ ing  different m e th o d s  — inde­
p e n d en t ly  f rom  the  cu ltu re  results .

R esu lts

Clinical data

Some clin ical (la ta  of th e  p a tie n ts  w hose tu m o u rs  were em p lo y ed  for 
e x p la n ta tio n  are  review ed in T ab le  I.

Table I

Average period 
of history till 

admission
Localization Operative findings

Operative ) 
mortality j

Post­
operative
survival

after
12 months

Astrocy tom a

4 cases

27.5

m onths

frontal: 2. 

fron topár. : 2

circumscribed not 

bleeding, congest­

ed, yellowish- 

white

0 4

A strocy tom a

m alignum

4 cases

7

m onths

frontal:  2 

parie ta l:  2

the  same 0 4

Glioblastoma

13 cases

6.5

m onths

frontal:  1 

parieto-occip. : 5 

tem poral :  7

infil t ra t ive ,  bleed­

ing, soft,  suction- 

able greyish-red

3 5

i t  ap p e a rs  from  T able 1 th a t  th e  d a ta  of th e  a stro cy to m a  a n d  g liob las­
to m a g roups d isp lay  m ark ed  d ifferences, w hile th e  a s tro cy to m a  m alig n u m  
g roup  as w ell as th e  in d ica ted  d a ta  a p p e a r to  occupy the in te rm e d ia te  positio n  
betw een  th e  f irs t m en tioned  tw o  g roups. T here  is a conspicuous d ifference  
in th e  an am n estic  periods, as be tw een  th e  o p era tiv e  m o rta lity  and  su rv iv a l. 
The lo ca tio n  o f th e  tu m o u r and  its  m acroscop ic  ap p earan ce  also p a ra lle l the

H Actu Morphologien XII 1.
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b io lo g ica l differences b e tw een  th e  tw o tu m o u r  groups. The h is to ry  o f th e  
a s tro c y to m ic  p a tie n ts  w as a ch a rac te ris tic a lly  slow  progressive one a n d  a t  th e  
t im e  o f  o p era tio n  th e y  w ere in  re la tiv e ly  good gen era l cond ition  w ith o u t signs 
o f se v e re  in tra c ra n ia l p ressu re . S im u ltan eo u sly  th e  g liob lastom as n e a r ly  in  
e v e ry  case  d isp layed  a fa s t  progressive clin ical p a t te rn  w ith  severe sy m p to m s.

H i stology

a ) Astrocytom a

T h e  4 gliom as in  th e  m o st benign g roup  w ere  h isto logically  c h a ra c te riz e d  
as fo llo w s: isom orph  s tru c tu re ,  consisting  of a s tro c y te  ty p e  cells. T he n u c le i

Fig. 1. A s tro c y to m a ,  section s ta ined  w i th  haem atoxylin -eosin  
F ig . 2. A s tro c y to m a  m al ig n u m ,  section s ta in e d  w ith  haem atoxylin -eosin
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a re  isoch rom atic , th e  basic s tru c tu re  loose an d  rich  in  fib res and  genera lly  
poor v ascu la rly  (F ig . 1). In  som e cases here  an d  th e re  as a d eg en era tiv e  sign 
th e re  is m icrocy tic  d eg en era tio n , genera lly  w ith  a m o d era te  p e rip h e ra l reac tio n .

b) Astrocytoma m alignum

W e ran g ed  fou r o th e r  tu m o u rs  in th is  g roup . The cells are  in th e  
m a jo rity  of cases m a tu re  in  ty p e , rich  in f ib re s , isoch rom atic  a s tro cy te s . In  

s lig h t degree sy m p to m s p o in tin g  to  m a lig n an cy  were also to  be found  in  th e  
fo rm er ca teg o ry  b u t  here th e y  are g re a te r  an d  m ore ex p lic it: d e n s ity  of cells 
is v ariab le  and  am o u n ts  to  four tim es o f t h a t  o f th e  norm al. L arge n u m b ers  
o f  p ro top lasm ic  a s tro c y te  ty p e s  are to  be fo u n d . The richness o f vessels su r­
passes those  o f th e  fo rm er group and as a m a rk e d  d ifference, p ro life ra tio n  of 
th e  cap illa ry  e n d o th e liu m  ap p ears  (F ig . 2).

c) Glioblastoma

F rom  th e  13 tu m o u rs  p roved  to  be g lio b lastom a 3 are m o stly  o f fusiform  
cells, 2 are those  o f the ro u n d  cell ty p e , th e  re s t  accord ing  to  th e  in te rp re ta tio n  
o f ZÜLCH are of th e  m u ltifo rm  (g igan tocellu lar) g liob lastom a ty p e . A ccord ing  
to  th e  classification  of B u s c h —Cr h i s t e n s e n  th e  s tru c tu re  ch a rac te rized  as angio­
neurotic  was observed  in one of the tu m o u rs  o f th e  ro u n d  cell g roup  an d  in one 
o f th e  m u ltifo rm  group .

The g liob lastom a ca teg o ry  is ch a ra c te riz e d  by  several signs p o in tin g  to  
m alig n an cy  an d  an ap las ia , also an  in c lin a tio n  for necrosis. D en sity  of cells 
four-five tim es th e  n o rm al and often  e x tra o rd in a r ily  v a ry in g  from  one v isual 
fie ld  to  th e  n e x t. W ith in  th e  w ide scale o f p o ly m o rp h ism  m ain ly  th e  a n ap la s tic  
an d  p o ly ch ro m atic  changes of th e  nucleus can  be observed : g ian t cells w ith  
one or m ore nucle i, th e  nucleo-p lasm ic sh if tin g  m ark ed ly  in  fav o u r of th e  
nucleus, a ty p ic a l m itoses (F ig. 3). P a th o lo g ica l changes o f th e  v a scu la r bed 
a re  also conspicuous, w ith  ex trem e p ro life ra tio n  of th e  en d o th e liu m .

Tissue culture

a) Non-tumorous glia. The glial cells o f  th e  n o n -tu m o ro u s  w hite  m a tte r  
show  v ery  slow g ro w th  in e x p la n ta tio n . T h e  la te n t  period  w as 14— 28 days. 
T h e  ou tg row ing  cells form  a slack  m esh -w ork  (F ig. 16). As for th e ir  shape 
we can d is tin g u ish  tw o ty p es  of cells: sm all cell bodies, w ith  sm all nucleus an d  
few  sh o rt b ran ch in g  processes, w hich re m in d  us of th e  o ligodendro-g liacell; 
an d  the  cell resem bling  th e  a s tro cy te  ty p e : la rg e r cells w ith  long , fine b ra n c h ­
ing processes (F ig . 17). T he nuclei in g en era l are o f the  sam e size, o rtho - 
ch ro m a tic , ro u n d  or oval sh aped . The p ro life ra tio n  of e n d o th e liu m  is no t 
consp icuous. R ound  th e  e x p la n t th ere  is a n a rro w  zone of liq u e fac tio n . M itosis 
occurs o n ly  sp o rad ica lly . G ran u la r p la sm a tic  m acrophages can  be seen am ong

8 *
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Fig. 3. G liob las tom a,  section  s ta ined  w i th  haem atoxyl in -eosin  
Fig. 4. A s t ro c y to m a  c u ltu re  o f  7 days ,  s ta ined  w ith  MGG

th e  g lia  in d iv id u a ls , fu r th e r  th e re  is a fib ro b la s tic  g ro w th  of th e  p e riv a scu la r  
c o n n e c tiv e  tissue.

b ) Astrocytoma. T he  o u tg ro w th  zone is c h a ra c te ris tic a lly  iso m o rp h ic . 
M u ltip o la r  and  b ipo lar cells d o m in a te  th e  p ic tu re  (F igs. 4, 5). These are  m ono- 
n u c le a te d  cells, the  p lasm a  processes are  v e ry  long. T h ere  are a few cells w ith  
h a r d ly  s ta in e d  nucleus, th e  b o rd e r  o f p lasm a dissolves in to  th e  su rro u n d in g s
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X

5

F ig . 5. A s tro cy to m a  cu ltu re  o f  17 d a y s ,  s ta ined with MGG 
F ig. 6. A s trocy tom a cu ltu re  o f  30 d a y s ,  s ta ined with MGG

(F ig . 6). T he cap illa ry  en do the lia l p ro life ra tio n  becom es m ark ed  in  th e  older 
c u ltu re s  (F ig . 7). U n d er such c ircu m stan ces  th e re  is a very  r ich  c a p illa ry  n e t­
w ork  in th e  loose s tru c tu re  of th e  e x p la n t . T he glial e lem ents can  be  well 
o bserved  a t  th e  b eg inn ing  of g row th , b u t  th e ir  g row th  a c tiv ity  d ec rea ses  and 
th u s  th e  e n d o th e lia l p ro life ra tio n  overg ro w s and  freq u en tly  co v ers  them . 
T he e x p la n t is su rro u n d ed  w ith  a n a rro w  liq u e fac tio n  zone. T he g lia l e lem en ts
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Fig. 7. A s t r o c y to m a  culture of  30 d a y s ,  s t a in e d  w ith  MGG 
Fig. 8. A s t ro c y to m a  m al ignum  culture o f  10 d a y s ,  s ta ined  with  MGG

in  th e  g ro w th  zone show  a sm all degree of m ito tic  a c t iv i ty , no a ty p ica l c e llu la r  
d iv is io n  can  be o b se rv ed . T h e re  is only a s lig h t d iffe rence  betw een th e  m o rp h o ­
log ical c h a ra c te r  o f th e  n o rm a l, n o n -tu m o ro u s g lia l elem ents and  th e  a s tro ­
c y to m a  cells in  tissu e  c u ltu re s . The in te n s ity  o f  th e  ou tg ro w th  of th e  n o rm a l 
g lia , how ever, is m uch  less, w hich is m an ifested  in  th e  long la te n t p erio d . T he 
n o rm a l, h u m a n  glia cells b eg in  to  m ig ra te  o n ly  a f te r  th e  second w eek , w h ile  
from  th e  a s tro c y to m a  a m ore  in tensive  cell p ro life ra tio n  is observable.
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Fig. 9. A stro cy to m a  m alig n u m  cu ltu re  o f  10 d ay s , sta in ed  w ith  M.GG 
Fig. 10. A s tro cy to m a  m alig n u m  cu ltu re  o f 10 d ay s , s ta in ed  w ith  MGG

c) A strocytom a m alignum . T he  tu m o u r  begins  to grow 5— 14 days  after 
the e x p la n ta t io n .  T he  nuclei are isom orphic , while the  m orpho logy  of the  cy to ­
p lasm  is very  var iab le  (Figs. 8, 9). The cells are  r icher  in p lasm a, b e a r  m any  
processes, w ith  borders  b lu rred  (Fig. 10). Besides these large cells w i th  several 
processes there  are  m any  fusiform  and  ro u n d  cell bodies observab le  as well. 
T h e  large p la sm a tic  cell with tw o  nuclei is f re q u e n t .  The nuclei a re  ro u n d ,  oval 
sh ap ed .  H yper-  and  h y p o ch ro m a tic  nuclei can  be observed alike. During
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F ig . 11. A strocy tom a m a lig n u m  cu ltu re  o f 32 d a y s , s ta in e d  w ith  MGG 
Fig. 12. G lio b la s to m a  c u ltu re  o f 13 days s ta in e d  w ith  MGG

c u l t iv a t io n  th e  glial e lem ents  a re  p red o m in an t  for a long tim e. T he  cap il la ry  
e n d o th e l iu m ,  as well as th e  p e r iv a sc u la r  connective t issue show m ore in tens ive  
g ro w th  only  in older t issue c u l tu re s  (Fig. 11). A  large liquefac tion  a rea  is 
o b se rv a b le  round  the e x p la n t  a l re a d y  at the  beg inn ing  of the  e x p la n ta t io n .  
Besides t h e  norm al mitoses a few  a typ ica l  divisions can  also be seen.

d) Glioblastoma. G ro w th  begins  within 2— 6 days. The po lym orph ism  
of th e  cells is very conspicuous. N o t  only the  c y to p la sm  shows large v a r ia t io n s  
b u t  t h e  n u c le i  also show large d ifferences in shape (Figs. 12,13). A g rea t  n u m b e r
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Fig. 13. G liob lastom a c u ltu re  o f  6 days s ta in ed  w ith  MGG 
Fig. 14. G liob lastom a c u ltu re  o f  13 days s ta ined  w ith  MGG

o f  cells w ith  several nuclei giving th e  im pression  of a g ian t  cell also appeared . 
T h e  nuclei are crescent, oval, round  o r  lo b u la ted  w ith  d is t r ib u t io n s  o f  ch ro m a ­
t in  m a ter ia l  v a ry ing  from fine d u s t  to  rough clumps. S tru c tu re le ss  dark- 
s ta in ed  nuclei can also be observed. T h e  liquefaction zone is v e ry  m ark ed  and 
v e ry  conspicuous sh o r t ly  a f te r  e x p la n ta t io n .  Among the  m ito t ic  cells the re  are 
m a n y  a typ ica l cell-divisions (Fig. 14). The old cultures m a in ta in  th e i r  po ly ­
m orph ism  on a large scale (Fig. 15).

W ith in  the  g l iob lastom a g roup  th e  histologically s e p a ra te d  fusiform, 
sm all ,  round ,  fu r th e r  m u lt ifo rm  cell ty p e s  can be d is t ingu ished  also in the
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Fig. 15. G lio b la s to m a  cu ltu re  of 32 d ay s s ta in e d  w ith  MGG 
F ig . 16. A  13 d ay s’ cu ltu re  o f  th e  w h ite  m a tte r  o f  a n o rm al h u m a n  b ra in  s ta in ed  w ith  MGG

c u l tu re ,  b u t  the  cell ty p e s  of  t h e  tissue cu ltu res  do n o t  closely parallel the  h is ­
to lo g ica l  classifications. T h u s  th e  histologically p ro v e d  fusiform  cell ty p e  o f  
g l io b la s to m as  show sim ila r  cell m orphology in th e  cu l tu re .  A m ong those glio­
b la s to m a s ,  however, w hich  sh o w ed  the  small ro u n d  cell ty p e  or  m ultifo rm  ch a ra c ­
te r s  histologically, severa l o ffe red  a p rep o n d eran ce  of  fusiform  cells in the  
t is su e  cu ltu res .  The m u l t i fo rm  ty p e  in the cu l tu re s  co rresponded  m ostly  w ith  
th e  h isto logical p ic ture ; som e show ed  ra th e r  d o m in a n t  sm all  round  cell prolife­
r a t io n .  T he  tum ours  b e lo n g in g  to  the l ittle ,  r o u n d  cell g roup histologically, 
h o w e v e r ,  showed alw ays a g ro w th  of fusiform cells.



THE BEHAVIOUR OF GLIOMAS IN TISSUE CULTURE 123

17 * %  : : .

Fig. 17. A 13 d a y s’ cu ltu re  o f  th e  w h ite  m a tte r  o f a n o rm al h u m an  b ra in

D iscu ssion

In  our ex per im en ts  we used h u m a n  bra in  a n d  h u m a n  tu m o u rs  o f  the  
g l iom a type  to  s tu d y  the  tissue c u l tu re s .  We know  those  glial cell ty p e s  from  
th e  l i te ra tu re  t h a t  app ea r  in the  c u l tu re s  of  the an im al  or h u m a n  b ra in  [3, 23, 
27, 30, 33, 5, 15, 16, 28, 29]. We deem ed  it necessary  to  exam ine  th e  n o n - tu m o -  
ro u s  h u m a n  glial cells, p a r t ly  in o rd e r  to  com pare  th e m  w ith  th e  descr ibed  
cell ty ,  >es in the  form er co m m u n ica t io n s ,  p a r t ly  also for th e  eva lu a t io n  of  our 
ow n tu m o u r  cultu res . Several a u th o rs  have  po in ted  ou t  t h a t  d ifferen t m e th o d s  
a n d  m edia  used for cu ltu res  in f luence  the  results .

N a tu ra l ly  the  question  of cell ded iffe ren tia t ion  also emerges. T he  d e f i­
c iency  of the  t issue cu ltu res  is in gen e ra l  t h a t  we do no t  exam ine  the  t issue  in 
th e  organism . T h u s  the  e x am in a t io n  ta k e s  place w ith o u t  th e  m u tu a l  h u m o ra l  
a n d  neu ra l  effects. T h a t  observa tion  t h a t  the  h is to typ ica l  g row th  o f th e  o rg a n ­
isms prom otes  ded iffe ren tia t ion  o f  th e  cells in the  t issue cu ltu res  p ro b a b ly  
concerns our ex p e r im en ta l  m a te r ia l  as well. A ccord ing  to  K u h l e n b e c k  122 J 
in  th e  glia cu ltu res  th e  d e d if fe ren t ia ted  cells are of  neop las ina tic  c h a ra c te r ,  
n a m e ly  the  no rm al biological space becom es res tr ic ted  and  p e rh ap s  th e  n eo ­
p las t ic  g row th  bears  the same reason .  Thus some au th o rs  presum e t h a t  the re  
is a com parison  be tw een  the  g ro w th  of tu m o u rs  a n d  n o rm a l  tissue in v i t ro .  In  
o u r  glioina cu ltu res  of  long d u ra t io n  we did no t  f ind  the  cell p ic tu re  to  be h o m o ­
geneous. Some groups preserved th e i r  g row th  and  m orphological c h a rac te rs ,  
w hereas  progressive d iffe ren tia t ion  should  lead to  cell hom ogeneity .  As is
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well know n  from th e  s tu d ie s  of K e r s t i n g  [18, 19] m en ing iom a  tissue disso­
c ia te d  b y  try p s in  d isp lay s  in  v itro  r eo rg an iza t io n  of th e  concen tr ica l  fo rm ations  
c h a ra c te r is t ic  of th e  tu m o u r .  After t r y p s in  t r e a tm e n t ,  tu m o u rs  of an im al 
orig in  show the  c h a ra c te r is t ic  reo rgan ization  of  the  original tissue. We believe 
th e re fo re  t h a t  th e  bas ic  biological changes w hich  re p re se n t  th e  dev ia t ion  of  
cells tow ards  th e  tu m o r o u s  cha rac te r  are  o p e ra t iv e  also u n d e r  t issue  cu ltu re  
cond it ions .

We observed th e  cell shapes in  th e  t issue  cu ltu re  of  th e  w hite  m a t t e r  
o f  f ive  h u m a n  b ra in s .  T h e  f ib roblasts  a ris ing  f rom  th e  p e r ivascu la r  connective  
t is sue  are íveli d iscern ib le  in  s ta ined p re p a ra t io n s  and  are fusiform , oval nucle­
a te d  cells and w hen  s p re a d  m ay  assum e a h is t iocy te  shape . T here  are m a n y  
m ito t ic  cells and in  t h e  cu ltu res  af te r  tw o  weeks vacuoles a p p e a r  as a sign of  
d egenera t ion .  We d e e m  these  cells s im ilar  to  th e  fo rm er ones w ith  g ranu la r  
c y to p la sm  to  be m a c ro p h a g e s ,  which p a r t l y  t a k e  origin from  microglia ele­
m e n ts  and  p a r t ly  co n n e c t iv e  tissue. W e could  no t  s e p a ra te  these  from  one 
a n o th e r .  We ranged  th e  glia cells in four ty p e  groups accord ing  to  th e ir  shape. 
O ligodendroglia  ty p e :  b u lk y  cells w ith  sh o r t  processes. B ipo la r  ty p e :  e longated  
cells w ith  po in ted  en d s ,  w i th  ex tended  oval nuclei. M ult ipo la r  t y p e :  la rge­
b o d ied  cells, w ith  b u lk y  processes and  la rge  nucleoli; a n d  cells w ith  several 
nucle i.  A strocyte  t y p e :  large-bodied, r ich  in  cy to p la sm ; fine cells w ith  m a n y  
b ra n c h in g  processes.

We found in o u r  tissue cultures be long ing  to  the  glioma g roup  all the  
cell ty p e s  which we o b se rved  in our n o n - tu in o ro u s  w hite  m a t t e r  ex p lan ta t io n s .  
N everthe less  the l a t e n t  pe r iod  of the glioma t issue  in com parison  to  th e  norm al 
glia, becam e m a rk e d ly  sh o r t ,  the  ac t iv i ty  o f  p ro life ra t ion  m a rk e d ly  increased 
a n d  th e  r icher g row th  zone fa r  richer.

T here  is only a l i t t l e  difference b e tw een  th e  shape  o f  cells in  th e  norm al 
glia cu ltu res  and of th e  cells o f  an a s trocy tom ic  tu m o u r .  P ro life ra t ion  is r e m a rk ­
able  and  the increase o f  cell popula tion  is conspicuous in the  a s tro cy to m a  
cu l tu re s ,  also the  sh o r te n in g  of the la te n t  pe r iod  of g row th . A t  th e  same tim e  
th e  nucleus of the  cell a n d  th e  shape of th e  cy to p la sm  are essen tia lly  similar 
to  th e  norm al glia cells; th e  cell p ic ture  is isomorphic.

The cell p ic tu re  o f  th e  a s tro cy to m a  m a l ig n u m  group  shows a m arked  
p o lym orph ism . The cells do no t display th e  bi- or m u lt ip o la r  a r ran g em en t ,  b u t  
sh o w  varied  shapes. T h e  nuclei are isom orphic ,  b u t  a lready  a ty p ica l  sca tte rings  
o f  c h ro m a t in  can be o b se rved .  Pro lifera tion  is increased  in  com parison  to  th e  
fo rm e r  group and  th e  l iquefac tion  zone is m ore  m arked .

The glioblastom a cu l tu re s  not only show  a m ark ed  increase of  prolifera­
t io n  ac t iv i ty ,  r ichness o f  cells and the sh o r te n in g  of th e  la t e n t  period of grow th , 
b u t  th e  po lym orph ism  is characteris tic  o f  th e  cy to p lasm  and especially  of 
t h e  nucleus. The inc rea sed  n u m b e r  o f  a ty p ic a l  mitoses an d  th e  in tense  l ique­
fac t io n  can  be considered  likewise as a sign of  increased m alignancy .
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The difference is greater b e tw e e n  cu l tu re s  of  the m a lignan t  a s t ro c y to m a  
a n d  th e  g liob las tom a th a n  be tw een  th e  n o rm a l  m a tu re  a s tro c y to m a  a n d  m alig ­
n a n t  a s tro cy to m a  cultures. While a g ra d u a l  p rogression can be fo llow ed in  the  
cell p ic ture  of  th e  as trocy te  ( a s t ro c y to m a )  a n d  astrocy tom a m a l ig n u m  cul­
tu re s  —  a q u a l i ta t iv e  change of c h a ra c te r  becomes ap p a ren t  b ased  on the  
p ropert ies  of th e  nucleus in th e  g l io b las tom a .

H o gu e  [15] found  p rim itive  “ g l iob las ts”  only in very  y o u n g  h u m a n  
e m b ry o  cu ltures ,  w hich  displayed a s im ila r i ty  to  fibroblasts ,  b u t  w ere  sm aller;  
ex ten d ed  and g ra n u la r ,  they  have  no  long , th in  processes. In ou r  c u l tu re s  we 
did  n o t  find a fo rm  corresponding w i th  th e  em bryon ic  glia cells, n o t  even  in 
o u r  g lioblastom a cultures . The g l io b la s to m a  cells display such a g r e a t  d iffer­
ence from the  glia cells in any s tag e  o f  dev e lo p m en t  — even f ro m  th e  neo­
p lastic  cells, w i th  which we were a c q u a in te d  in th e  as trocy tom a — a s t ro c y to m a  
m a lig n u m  grade  t h a t  it  seems reasonab le  to  p re su m e  th a t  there is an in d e p e n d e n t  
ca teg o ry  w ith in  th e  glioma group. T h e  descr ibed  gradua tions  w i th in  th e  a s t ro ­
c y to m a  group on th e  o ther  hand  seem  to c o n f irm  th e  theory  t h a t  th e  tu m o ro u s  
tran s fo rm a tio n  is set off bv an u n k n o w n  s t im u la n t  in the  in ta c t  m a tu r e  adialJ  О

ind iv idua ls  [26, 34].
The biological features of th e  t u m o r  cells arc dom inan t  in th e  t issue  cu l­

tu re s  as they  c a n n o t  be in classical n e u ro p a th o lo g y  methods. In  th e  classifica­
tion  deba te  o f  m odern  n e u ro p a th o lo g y  th e  t issue culture m e th o d  no  d o u b t  
offers help, how ever ,  w ithou t  be ing  su i ta b le  alone to settle the  d i s p u te .  F rom  
o u r  observa tions  u p  to  now we d eem  K e r n o h a n ’s grading system  o n ly  ju s t if ied  
in  th e  a s t ro c y to m a  — as tro cy to m a  m a l ig n u m  group ; it  does n o t  seem  proper  
to  classify th e  g lioblastom a s im p ly  as a more m alignan t  g rade  o f  tu m o u r .  
I t  appears  rea so n ab le  to  sepa ra te  th e  g l iob las tom a  form in th e  fu tu r e  as an 
in d e p e n d e n t  g ro u p  since p ro b ab ly  q u a l i ta t iv e ly  different fac to rs  p la y  a role 
in  th e i r  genesis, while in the  a s t r o c y to m a — astro cy to m a  m a l ig n u m  grades 
th e re  is p re su m a b ly  a ra th e r  l in e a r  q u a n t i t a t iv e  re la tionship  in  biological 
ch a rac te rs  and  genetic  factors.

Summary

T he a u th o rs  d u rin g  their ex am in a tio n s  so fa r  have  m ade  tissue cu ltu res fro m  107 asso rted  
h u m a n  b rain  tu m o u rs . The p resen t c o m m u n ica tio n  ren d ers  account o f th e  tis su e  cu ltu re  
re su lts  from  21 tu m o u r  specim ens be longing  h is to lo g ica lly  to the  a s tro cy to m a — g lio b la sto m a  
g ro u p . O bserv a tio n s o f the  biological a n d  cy to lo g ica l p henom ena in th e  tis su e  c u ltu re s  are 
used  in  an  a t te m p t  to  provide d a ta  fo r th e  n e u ro p a th o lo g ica l c lassification . R e su lts  agree 
w ith  K e r n o h a n ’s classifica tion  in the  a s tro c y to m a  as tro cy to m a  m alignum  g ro u p , b u t  do 
n o t support th e  id ea  th a t  g lioblastom a m u ltifo rm e  rep re sen ts  sim ply a fu r th e r  degree  of 
m alig n an cy . T he o b se rv a tio n s  offer g ro u n d s  for se g reg a tin g  th is  la tte r  tu m o u r in  a n  in d ep e n d ­
e n t  group.
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DAS V E R H A L T E N  D E R  G L IO M E  IN  G E W E B E K U L T U R E N  
I. G R U P P E  AST RO C  Y TO M -G LIO B LA STO M

I. PÁLYI, D. ÄFRA und E. CSANDA

E s w u rd e n  107 G ew eb eku ltu ren  aus h u m an e n  H irn g esch w ü ls ten  versch ied en er h is to ­
logischer S tru k tu r  u n te rsu c h t. In  der v o rliegenden  M itte ilu n g  w ird über die E rg eb n isse  de r 
G ew ebezüch tung  aus 21 — histologisch in d ie A stro cy to m -G lio b las to m -G ru p p e  g e h ö ren d e n —  
G eschw ülsten  b e r ic h te t, m it  besonderer H in sic h t a u f  d ie  F ra g e n  der n eu ro p a th o lo g isch en  
K lassifik a tio n . A n h an d  de r b isherigen E rg eb n isse  sc h e in t d ie K crnohansche K la ss if ik a tio n  
in  e rs te r L in ie fü r  die A stro cy to m -G lio b las to m -G ru p p e  zw eckd ien lich  zu sein.

Die A n n ah m e, daß  d as G lioblastom  u n s  einen w e ite ren  M align itätsgrad  d a r s te l l t ,  w ird 
d u rch  die b ish e rig en  K u ltu rv ersu ch e  n ic h t u n te r s tü tz t ,  v ie lm eh r scheint die A b so n d e ru n g  
des G liob lastom e m u ltifo rm e  als se lb stän d ig e  T u m o rg ru p p e  auch  w eiterh in  zw eck m äß ig  
zu sein.

ПОВЕДЕНИЕ ГЛИОМ В ТКАНЕВЫХ КУЛЬТУРАХ I. ГРУППА АСТРОЦИТОМЫ-
ГЛИОБЛАСТОМЫ

Й. П А Л И , Д . А Ф РА  и Э. Ч А Н Д А

В ходе своих исследований авторы изготовили тканевые культуры из 107 челове­
ческих опухолей головного мозга различной гистологической структуры. В настоящей 
статье они сообщают о результатах тканевых культур 21 опухоли, цитологически при­
числяемых в группу астроцитом-глиобластом.

Исследованием биологических и цитологических явлений, наблюдаемых в ткане­
вых культурах, авторы хотели предоставить данные для выяснения вопросов невропа­
тологической классификации. На основании полученных результатов, распределение 
по ступеням, предложенное Керноханом, кажется применяемым прежде всего для группы 
злокачественных астроцитом-глиобластом.

Выделение опухолей с диагнозом глиобластома, в качестве новой ступени злока­
чественности, не подкрепляется результатами экспериментов по тканевой культуры, но 
обособление gliob lastom a m u ltifo rm e как самостоятельная группа опухолей кажется 
более обоснованным.

Dr. I rén  PÁLYI, B u d ap es t  I X .  T ű zo l tó  u .  58. H ungary  
Dr. Dénes A f r a , B u d ap es t  X IV . A m erika i  ú t  57. H ungary  
Dr. E n d re  C s a n d a , Szeged, Id eg k l in ik a ,  H u n g a ry
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