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In  th e  course o f tra n s p la n ta tio n  ex p erim en ts  th a t  have been in  p ro g ress  
in  o u r D e p a rtm e n t fo r some tim e  i t  w as possible to  d em o n stra te  t h a t  h e te ro 
tra n s p la n ts  — a n d  p resum ab ly  a lso  hom ologous tra n sp la n ts  — pass th ro u g h  
th re e  phases in  th e  h o s t o rganism ; v iz . (i) th e  perio d  o f local n u tr i t io n a l  d is
tu rb a n c e ; (ii) th e  period  of a ss im ila tio n -a d a p ta tio n ; an d  (iii) t h a t  o f  th e  
d ev e lo p m en t of im m u n e  m ate ria ls . W e a tta c h  a p a r tic u la r  im p o rtan ce  to  th e  
second  phase d u rin g  w hich the  im p la n te d  hetero logous tissue  has to  c o m b a t 
th e  h a rm fu l in fluences o f and a d a p t  itse lf  to  th e  new  m ilieu, and  m u s t b ecom e 
cap ab le  o f  ass im ila tin g  foreign p ro te in s . T his is th e  phase w hich w e th in k  
d e te rm in a te s  th e  d e s tin y  of the  t r a n s p la n t :  n e g a tiv e ly  i f  i t  perishes a n d  p o s it i
ve ly  i f  i t  su rv ives th is  phase, w h e re a f te r  th e  chances o f  its  fu r th e r  ex is te n c e  
are fav o u rab le  [1, 2, 3, 7, 8].

I t  has been o bserved  in  the  co u rse  of these  ex p erim en ts  th a t ,  if  a u to lo g o u s  
h e p a tic  tissue  h a d  been  tra n sp la n te d  in to  th e  a n te r io r  eye ch am b er o f  r a ts ,  
th e  p a ren ch y m a l cells degenera ted , w hile  th e  b ilia ry  d u c ts  began  to  p ro life ra te  
an d  fo rm ed  isle ts o f  h ep a tic  p a re n c h y m a . This w as a rem ark ab le  p h e n o m en o n  
consid erin g  th a t  th e  liv e r tissue o f  a d u lt  ra ts  p ra c tic a lly  never su rv ives e x p la n 
ta t io n  on  hetero logous m edium  a n d  p ro life ra tes  v e ry  p oorly  even in  au to lo g o u s  
m ed ia  [2]. O nly reg en e ra tiv e  a d u lt liv e r  is able to  th r iv e  u n d er such co n d itio n s . 
We h a d  there fo re  to  assum e th e  ex is ten ce  of fac to rs  w h ich  ac tiv a te  th e  f ra g 
m en ts  o f  tissue ta k e n  from  in ta c t l iv e r  and  tra n s p la n te d  in to  a re g e n e ra tin g  
o rgan ism , fac to rs w h ich  m ake th e  v i ta l i ty  o f th e  tra n sp la n ts  s im ila r to  th a t  
o f reg en era tiv e  tissu e .

T he pu rpose  o f  th e  ex p erim en ts  to  be re p o rte d  w as to  ascerta in  w h e th e r  
d irec t (local) o r h u m o ra l factors o f  th e  re g en e ra tiv e  process are a t  p la y  a t  
t ra n sp la n ta tio n , a n d  to  control som e th e o re tic a l considera tions re g a rd in g  
tra n s p la n ta tio n  o f tissues of increased  v ita lity .

M ethod

A to ta l  o f  64 a lb in o  ra ts  o f 200 g b o d y  w e igh t each  w as used  in  th e  ex p e rim e n ts . E a c h  
ex p e rim e n ta l group  co n sis ted  of 8 anim als in to  b o th  eyes o f  w hich  h e p a tic  tissue w as im p la n te d . 
T he t ra n s p la n ta t io n s  w ere  p a r tly  hom ologous an d  p a r tly  he tero logous, w ith  m ice as d o n o rs
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in  th e  l a t t e r  case. T he t  ssu e  to  be  tra n sp la n te d  w as c u t  u p  in to  frag m en ts o f 0.5 cu. m m  and  
in s e r te d  in to  th e  lum en  o f  a n  in je c tio n  cannu la  w ith  a  b lu n t  p o in t. A fter op en in g  th e  an te rio r  
c h a m b e r  o f th e  rec ip ien t’s eye  b y  m ean s of G raefe’s la n c e t ,  th e  can n u la  w as in tro d u c e d  th ro u g h  
th e  a p e r tu r e  and th e  tis su e -f ra g m e n t w as p laced in to  th e  a n te r io r  cham ber, s tr ic t ly  observ ing  
th e  r u le s  o f  ste rility .

L ikew ise  G raefe’s la n c e t  w as used to in ju re  th e  l iv e r  o f  th e  re c ip ie n t an im a ls . A fter 
o p e n in g  th e  abdom en , a  w o u n d  som e m m  wide a n d  d eep  w as in flic ted  on  th e  liv e r , covered  
w ith  s te r ile  th ro m b in -f ib r in  p o w d er to  p re v en t h a e m o rrh a g e , and  th e  ab d o m in a l w ail was 
c lo sed . T ra n s p la n ta tio n  w a s  p e rfo rm ed  24 hours a f te r  th e  operation .

T h e  tech n iq u e  o f  in ju r in g  th e  liver o f th e  d o n o r  an im a ls  was th e  sam e as in  th e  case 
o f  th e  re c ip ie n ts ; t r a n s p la n ta t io n  follow ed 48 h o u rs  la te r ,  w ith  u n in ju red  tis su e  ta k e n  from  
th e  e d g e  o f th e  w o u n d .

T h e  rec ip ien ts’ eyes w ere  rem oved  and  fix ed  in  C arn o y ’s flu id  10 a n d  20 d ay s  a fte r  
th e  t ra n s p la n ta t io n . A fte r  e m b ed d in g  th e  a rea  o f  th e  a n te r io r  cham ber in  m e th y l-b en zo a te -  
c c llo id in -p a ra ff in , se ria l se c tio n s  w ere m ade an d  s ta in e d  w ith  m eth y l g reen -p y ro n in e .

T h e  period  o f o b se rv a tio n  la s te d  20 days.

E xperim en ta l

T h e  ex p erim en ts  w ere carried  o u t in  fo u r  groups: (i) in ta c t  h ep a tic  
tis s u e  w as tra n s p la n te d  in to  ra ts  w ith  in ta c t  liv e r; (ii) in ta c t  h e p a tic  tissue 
w as  tr a n s p la n te d  in to  r a ts  w ith  th e ir  liv e r in ju re d ; (iii) h e p a tic  tissu e  from  
a n im a ls  w ith  a d a m a g e d  liv e r (reg en era tiv e  tissue) was tra n s p la n te d  in to  
r a t s  w ith  in ta c t liv e r; (iv) reg en era tiv e  h e p a tic  tissue  was tra n s p la n te d  in to  
r a t s  w ith  im p aired  (reg en era tiv e ) liver. A ll th e se  tra n sp la n ta tio n s  w ere m ade 
h o m o lo g o u sly  an d  h e te ro lo g o u sly  alike. S ince n o  difference w as observed  in  
th e  b e h a v io u r o f h om ologous and  h e te ro lo g o u s tra n sp la n ts , th e  re su lts  w ill 
b e  d iscussed  w ith o u t re g a rd  to  th is fac to r .

(i) Transp lan ta tion  o f  normal liver into the anterior chamber o f  rats w ith  
in ta c t liver

T en  days a f te r  th e  o p era tio n  th e re  w as no  nuclear s ta in in g  observab le  
in  th e  area  o f th e  d is in te g ra te d  g ra ft. P y ro n in o p h ilia  wras slig h t a n d  n o n 
sp ec ific . P lasm o cy tes  w ere  accu m u la ted  in  th e  m arg in a l p a rts  o f  th e  tra n s p la n t, 
w h ile  occasional m ac ro p h ag es  con ta in ing  haem o g lo b in  a p p ea red  n ea re r  th e  
c e n tre .

T w en ty  d ays a f te r  th e  opera tion , th e  s t ru c tu re  of th e  tr a n s p la n te d  tissue- 
f r a g m e n t h ad  becom e p e rv a d e d  by  cap illa rie s  a n d  was no longer recognizable  
so t h a t  only p ro life ra tin g  connective tissu e  m a rk e d  th e  site  o f th e  v an ish ed  
t r a n s p la n t .  The p la sm o c y te  and  m acro p h ag e  co u n t h ad  in creased  since th e  
1 0 th  p o s to p e ra tiv e  d a y . T h e  process o f a b so rp tio n  w as v e ry  m ark ed .

(ii) T ran sp la n ta tio n  o f  normal liver in to  the anterior chamber o j rats 
w ith  im paired  liver

O n th e  te n th  p o s to p e ra tiv e  d ay  th e  tra n s p la n t  w as sm alle r th a n  its  
o r ig in a l size, w ith  a n e c ro tic  zone in  its  c e n tra l  p a r t  and a s lig h t p lasm o cy tic  
re a c tio n . Isle ts  o f re g u la r  h ep a tic  cells w ere  found  in  sev era l a reas , w ith



TRANSPLANTATION OF REGENERATIVE HEPATIC TISSUE 121

Fig. 1. H etero logous reg en e ra tiv e  h e p a tic  tis su e  t ra n s p la n te d  in to  r a t  w ith  liver in ju ry ,  a f te r  
20 d ays. N o te  in ta c t  liver-cell tra b e c u la e . M e th y l g reen -p y ro n in e, X 100

Fig. 2. H om ologous re g en e ra tiv e  hep atic  tis su e  tra n s p la n te d  in to  r a t  w ith  u n im p a ired  liv e r, 
a f te r  20 days. M arked  degen era tio n , m an y  p lasm o cy tes  a n d  m acrophages. H epatic  tis su e  n o t 

recognizable. M eth y l g re en -p y ro n in e , X 200

pronounced  n u c lea r  s ta in in g  of th e  cells a n d  v e ry  m ark ed  p y ro n in o p h ilia  o f 
th e  cy top lasm . T h e  red u c tio n  o f th e  necrosed  a rea  w as associated  w ith  a 
decrease in  th e  n u m b e r  of m acrophages.

O n th e  tw e n tie th  p o s to p e ra tiv e  d ay , th e  h e p a tic  s tru c tu re  w as s till 
p reserved  an d  in  som e p a rts  even m ore p ro n o u n ced  th a n  in  the  1 0 -d ay  p re 
p a ra tio n . M arked  cap illa riza tio n  w as seen.
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F ig . 3. H e tero lo g o u s reg en e ra tiv e  h e p a tic  tis su e  t r a n s p la n te d  in to  in ta c t a n im a l, a f te r  10 days. 
C hanges as in  F ig . 2. M ethy l g reen -p y ro n in e . X 200

F ig . 4. H om ologous in ta c t  h e p a tic  tissue  t r a n s p la n te d  in to  in ta c t an im al, a f te r  10 d ay s . N o te  
a lm o st co m p le te  ab so rp tio n . M e th y l g reen-pyronine. X 200

(iii) T ransplanta tion  o f  regenerative liver to the anterior cham ber o f  rats 
w ith  in ta c t liver

A fte r  10 days th e  genera l p ic tu re  w as as  in  (ii). C en tra l n ecrosis , p lasm o 
c y te s  in  th e  m arg in a l p a r ts , isle ts o f  h e p a tic  cells, reg u la r s tru c tu re s  and  
s ta in in g  w ere ch a rac te ris tic .
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F ig. 5. H e tero logous in ta c t  h ep atic  tissu e  tra n sp la n te d  in to  r a t  w ith  liver in ju ry . N o te  re g u la r  
s tru c tu re  and o ccasio n al m acrophages filled  w ith  h aem o g lo b in . M ethy l g reen-pyronine. X 100

A fter 20 d a y s  considerab le p a r ts  of th e  t r a n s p la n ts  h ad  been ab so rb e d . 
T h e ir whole a re a  w as so densely  in te rw o v en  w ith  cap illa ries th a t  f re q u e n tly  
n o th in g  b u t  th e  v a sc u la r  n e tw o rk  w as o b se rv ab le . T h e re  were m an y  m a c ro 
phages, filled w ith  haem oglobin , also m an y  p la sm o c y te s . No in ta c t h e p a tic  
s tru c tu re  w as v is ib le .

(iv) T ransp lan ta tion  o f  regenerative liver to the anterior chamber o f  rats 
w ith im paired liver

The g en era l p ic tu re  ten  an d  tw e n ty  d a y s  a f te r  tra n sp la n ta tio n  w as as 
u n d er (ii).

D iscussion

A ccording to  th e  find ings, th e  process o f  reg en e ra tio n  seem s to  be  
favourab le  fo r th e  su rv iv a l o f tra n sp la n ts . W h e th e r  i t  w as in  th e  tra n s p la n te d  
tissu e  or in  th e  liv e r  o f th e  rec ip ien t an im a l t h a t  regenera tion  w as u n d e r  
process, t r a n s p la n ta t io n  was m ore  successfid th a n  in  cases w here in ta c t  tis su e  
w as tran sfe rred  in to  in ta c t  h o sts . T here  w ere, n ev e rth e le ss , some d iffe rences 
b e tw een  th e  p a r t ic u la r  form s o f tra n s p la n ta t io n  w h ich  m ay  th row  lig h t u p o n  
ce rta in  b io logical law s.

The a t te m p t  to  tra n s p la n t  n o rm al h e p a tic  tissu e  in to  ra ts  w ith  an  
in ta c t  liver w as a fa ilu re . T he h ig h ly  d iffe re n tia te d  liv e r tissue u su a lly  does 
n o t  survive e x p la n ta tio n  on hetero logous m ed iu m  [2], a lthough  im m uno log ica l
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fa c to rs  do n o t h a rm  i t  in  tissue  cu ltu re s . T h e  possib ility  of im m u n e  reac tio n s  
is co m m o n ly  reg a rd ed  as lim ited  in  case o f  im p la n ta tio n  in to  th e  ey e -ch am b er 
[9, 10], a lth o u g h , acco rd in g  to  b o th  th e  l i te r a tu r e  [6] and  our ow n ex p erien ce , 
in ju r y  to  th e  eye opens th e  p a th  to  im m u n e  reac tio n s, a fa c t  c o n firm e d  b y  
th e  a p p e a ra n ce  of p la sm o cy te s . D e s tru c tio n  w as com plete in  o u r ex p e rim e n ts , 
b u t  th is  could  n o t be  a scribed  to  im m u n o lo g ica l factors a lone , con sid erin g  
th e  d iffe re n t fa te  o f  n o rm a l tissue  t r a n s p la n te d  in to  anim als w ith  in ta c t  and  
an im a ls  w ith  a d am ag ed  liver. N o t o n ly  d id  th e  tra n s p la n t in  h o s ts  w ith  
im p a ire d  liv er su rv iv e  th e  f irs t  ten  d a y s , b u t  i t  was alive ev en  on th e  2 0 th  
d a y  a n d  seem ed, m o reo v er, to  have d ev e lo p e d  in  th e  m ean tim e . I t  is  ev id en t 
t h a t ,  w hile th e  im m uno log ica l fac to rs  w ere  id e n tic a l in  b o th  cases, h u m o ra l- 
re g e n e ra tiv e  fac to rs  p ro d u c e d  in  th e  l a t t e r  case  an  effect p ro m o tin g  th e  v i ta l i ty  
o f  th e  im p la n te d  tissu e .

T h e  p rim a ry  ro le  o f  reg en e ra tiv e  fa c to rs  w as fu rth e r  i l lu s tr a te d  b y  th e  
f a c t  t h a t  a lth o u g h  tra n s p la n ts  o b ta in e d  fro m  donors w ith  an  in ju re d  liver 
(i . e. re g e n e ra tiv e  tissu es) w ere on th e  1 0 th  d a y  still v iab le  a n d  p re se n te d  a 
p ic tu re  sim ilar to  t h a t  described  in  th e  fo rego ing , th e y  show ed m a rk e d  signs 
o f  d e g en e ra tio n  a n d  b eg an  to  be a b so rb e d  b y  th e  20 th  p o s to p e ra tiv e  day . 
T h is  o b se rv a tio n  p ro v e s  th a t  re g e n e ra tin g  h ep a tic  tissue , i f  t r a n s p la n te d , 
h a s  a  decided ly  h ig h e r v i ta l i ty  th a n  u n im p a ire d  tissue b u t  needs a p e rm a n e n t 
s tim u lu s  for its  su rv iv a l, a s tim u lus e n su re d  b y  th e  reg en e ra tiv e  l iv e r  o f th e  
h o s t  o r ra th e r  th o se  a c tiv e  su b stan ces w h ic h  are released b y  i t .

O u r e x p e rim e n ta l re su lts  seem  to  s u p p o r t  our th eo ry  o f th e  th r e e  phases. 
T h e  fa c t  th a t ,  a ided  b y  th e  re g en e ra tiv e  fa c to r , th e  tra n s p la n t  s u rv iv e d  th e  
im m u n o lo g ica lly  c ritic a l 8 th  d ay  an d  t h a t  th e  vascu larized  tis su e  w as  still 
a liv e  on  th e  2 0 th  d a y , b ea rs  o u t th e  s ig n ifican ce  of th e  second  p h a se . I t  
sh o u ld  be  bo rn e  in  m in d  th a t  b o th  re g e n e ra tiv e  an d  in ta c t h e p a tic  tis su e  p ro 
v o k e  an  im m u n e  re a c tio n . T he fac t t h a t  m o re  decom posed tissu e  in d u c e  m ore 
in te n s iv e  im m u n e  re a c tio n s  does n o t  d im in ish  th e  significance o f  th e  phase  
o f  a ss im ila tio n  an d  a d a p ta tio n , since th e  v e ry  process o f d eco m p o sitio n  is 
d u e  to  d is tu rb e d  ass im ila tio n . I t  is th u s  o b v io u s th a t  th e  h u m o ra l a n d , to  a 
s lig h te r  e x te n t, th e  loca l ac to rs  o f re g e n e ra tio n  p rom oted  th e  success of 
t r a n s p la n ta t io n  b y  enh an c in g  th e  v i ta l i ty  o f  th e  im p lan ted  t is s u e  and  
p o ss ib ly  also  b y  p ro m o tin g  its  d iffe re n tia tio n .

T h e  in d en tica l b e h a v io u r of hom o lo g o u s and  hetero logous t r a n s p la n ts  
show s th a t  i f  a h ig h ly  d iffe ren tia ted  tis su e  lik e  th e  liver of a d u lt  m am m a ls  is 
t r a n s p la n te d , th e  success or fa ilu re  o f  th e  o p e ra tio n  depends m u ch  m o re  on  th e  
deg ree  o f  d iffe re n ta tio n , i. e. th e  v i ta l i ty  o f  th e  tran sfe rred  tis su e , th a n  th e  
ra c ia l  difference b e tw een  donor and  h o s t [4, 5].
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Summary

Hom ologous a n d  he tero logous n o rm al and re g en e ra tiv e  h e p a tic  tissue has been  t r a n s 
p la n te d  in to  ra ts  w ith  in ta c t  and  ra ts  w ith  d am aged  liv e r. S u rv iv a l o f th e  tra n s p la n ts  w as 
p ro m o te d  by  a re g en e ra tio n  o f th e  re c ip ie n t’s liver and  also  b u t  less, b y  th a t  o f th e  donors. 
T h e  cause of th e  p h en o m en o n  and  i ts  co n n ec tio n  w ith  th e  th ree -p h ase  th eo ry  h av e  been 
d iscussed .

R E F E R E N C E S

1. Csaba, G y . (1956): T hree  P h ases  in  th e  Life o f  H e te ro tra n s p la n ta n ts .  A c ta  Biol. 
H u n g . 6, 361. — 2. Csa b a , Gy . —H e g y i, К . Cs . (1958): B e h av io u r  o f P hy lo g en etica lly  and  
O n to g en etica lly  D iffe re n t T issues in  T issu e  C u ltu re , E x p la n te d  o n  A utologous, H om ologous 
a n d  H eterologous M edia. A c ta  Biol. H u n g . 8, 149. — 3. Csa b a , G y . (1958): Die R olle  der 
A ss im ila tio n s-A d ap ta tio n sfak to ren  in  d e r E n tw ick lu n g  v o n  H e te ro tra n s p la n ta te n . V irch . 
A rch . p a th . A nat. 331, 653. — 4. L o e b , L. (1930): T ra n s p la n ta tio n  a n d  In d iv id u a lity . P hy sio l. 
R e v . 10, 4. — 5. L o e b , L. (1953): O rg an ism al D iffe ren tia l a n d  O rgan  D ifferen tia l. P roc. 
n a t .  A cad. Sei. 39, 127. — 6. Su r e , T . — Su d im a c k , J .  (1954): C apillary  T u b e  M ethod  for 
A n tib o d y  D e term in a tio n . A rch. O p h ta lm . 51, 6. — 7. T ö r ő , I. — Csa ba , Gy . (1958): E x p eri-  
m e n ta ln i p rispevky  к  p ro b lem u  a d a p ta c e  a  assim ilace t r a n s p la n ta tu .  Folia Biol. S up p l. — 
8. T ö r ő , I. (1959): A szöveti im m u n itá s  és t r a n p la n ta tio  n é h á n y  p rob lém ája . O rv . H e tik  
B u d a p e s t. 100, 1065. — 9. W e e k e r s , R . (1939): C rista llin  e t  su rv ie  selon la m éth o d e  de 
H a an  —B aker. O p h ta lin o lo g ica  97, 159. — 10. W it m e r , R . (1952): E lek tro p h o rese  des K am - 
m erw assers . O p h ta lm o lo g ia . Basel. 123, 280.

ТРАНСПЛАНТАЦИЯ ПЕЧЕНОЧНОЙ ТКАНИ В УСЛОВИЯХ РЕГЕНЕРАЦИИ
ДЬ. ЧА БА  и Ц. ХОРВАТ

На крысах с непораженной и с пораженной печенью проводились гомо- и гете- 
ротрансплантацип ткани здоровой печени крыс или же печени в стадии регенерации, 
причем было установлено, что регенерация печени реципиента выраженно, а регене
рация печени донора в меньшей степени способствует приживанию трансплантатов. 
Обсуждаются причины этого явления, или же его связь с трехфазовой теорией.

Ü B E R  D I E  T R A N S P L A N T A T IO N  VON L E B E R G E W E B E  
IM  R E G E N E R A T IO N S S T A D IU M

GY. CSABA und C. HORVÁTH

A n R a tte n  m it in ta k te r  und  g esch äd ig te r L eber w u rd e n  H om o- bzw. H e te ro tra n s -  
p la n ta tio n e n  von n o rm a le r  R a tte n le b e r  bzw . von reg en erie ren d er R a tte n le b e r  d u rc h g e fü h rt. 
E s  w urde  fe stg es te llt, d a ß  die R eg en era tio n  der L eber des R ez ip ien ten  in  s tä rk e re m , die 
R eg en e ra tio n  der L eb er des D onors h in g eg en  in geringerem  M aße d as Ü berleben  de r T ra n s 
p la n ta te  fö rdert. Die U rsach en  dieser B eo b ach tu n g , bzw . ih r  Z u sam m en h an g  m it de r D rei- 
phasen -T heorie  w erden  d isk u tie rt.

D r. G yörgy Cs a b a  
D r. Cecilia H o r v á t h

B u d ap est IX . T űzo ltó  u . 58. H u n g a ry

— AetH Morphologic X /2—1.
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