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The whole embryonic  gas t ro in tes t ina l  t r a c t  (GIT) or  pa r t s  of it, when t ransp lan ted  beneath 
the skin of syngeneic  adult an imals ,  grows p r o g r e s s i v e l y  and f o r m s  organ- l ike  cys ts  of l a rge  
s ize which re ta in  the s t ruc tu re  of the cor responding  pa r t s  of the GIT. S t ruc tures  of the same  
type a lso  develop a f t e r  t ransplanta t ion  of minced t i s sue  f r o m  va r ious  pa r t s  of the GIT sub- 
cutaneously into the m us c l e s  or  into the thorac ic  cavity.  It is suggested that  these s t r u c -  
t u r e s  be used as a model  fo r  invest igat ing the physiology,  immunology,  and pathology of the 
GIT and, in pa r t i cu la r ,  the pathogenesis  of infections caused  by intest inal  v i r u s e s  and bac -  
t e r i a ,  and immunity  to them.  

The absence of an immune r e sponse  to o rgan-spec i f i c  autoantigens,  such as the antigens of the lens 
and brain ,  is usually a t t r ibuted  to the p re sence  of b a r r i e r s  between the blood s t r e a m  and these  organs.  How- 
e v e r ,  other  poss ible  m e c h a n i s m s  for  the prevent ion of autoimmune r e sponses  may exist .  The w r i t e r s  have 
postula ted that  some organs  can produce subs tances  regulat ing immunological  reac t ions  ( immunodepres so r s  
or  immunos t imula to r  s). 

To t e s t  this  hypothesis  the effect  of graf t ing t i s sues  of the eye,  s a l iva ry  glands,  and var ious  pa r t s  
of the gas t ro in tes t ina l  t r a c t  (GIT), as  well  as homogenates  of these  organs ,  on the surv iva l  of al logeneic 
skin g ra f t s  was  inves t igated in mice .  An immunodepressan t  effect  was obtained only with sa l iva ry  gland 
t is  sue. 

In the course  of these expe r imen t s  the GIT e m b r y o s  was t ransp lan ted  e i ther  intact or  as its var ious  
pa r t s  subcutaneously into syngeneic adult r ec ip ien t s ,  and it was  found that the GIT can f o r m  cys ts  which 
may  grow to a considerable  s ize.  These  cys t s  re ta ined  the morphology and some functions of the c o r r e -  
sponding pa r t s  of the GIT. 

The f i r s t  r e su l t s  of a study of the growth,  development ,  and morphology of these  s t ruc tu re s  a re  de- 
sc r ibed  in this paper .  

E X P E R I M E N T A L  M E T H O D  

The GIT of BALB/C or CBA mouse  e m b r y o s  at the stage of 17-20 days was t ransp lan ted  in its en-  
t i r e ty  subcutaneously in the dorsa l  region into syngeneic adult rec ip ients .  An incision was made in the dor -  
sal skin wide of the midline.  The embryon ic  intest ine was s t r e t ched  out along the whole length of the spine 
and introduced into the subcutaneous ce l lu la r  t i s sue ,  a f te r  which the skin incision was closed. In some ex-  
pe r imen t s  the whole s tomach,  la rge  intest ine,  or  p ieces  of the smal l  intestine were  t ransplanted .  In ad-  
dition, p ieces  of t i s sue  measu r ing  1-2 ram,obtained f r o m  a mixture  of all  pa r t s  of the GIT f rom embry o s  
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Fig. i. Cysts formed f rom graft  of whole embryonic  
gastrointest inal  t ract .  

Fig. 2. Graft of entire gastrointest inal  t rac t ;  seg-  
ment of small  intestine. Hematoxylin-eosin,  108x. 

or separately f rom the s tomach and large or small  intestine, were transplanted.  A suspension of the pieces 
was injected subcutaneously, in t ramuscular ly ,  or into the thoracic  cavity of syngeneic male or  female mice 
through a t r oca r ,  in a volume of 0.2-0.25 ml. Each mouse received about 0.05-0.1-0.2 g t issue in the v a r -  
ious experiments .  

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

Transplantation of the Whole Intestine or Its Par ts .  In all 7 BALB/C males and 15 CBA males r e -  
ceiving graf ts  of the whole embryonic  gut, s t ruc tures  which at f i rs t  resembled  a thick band (measuring 
0.5x7 cm) lying along the whole length of the rec ip ient ' s  spine were found between the 8th and 13th day 
at the site of injection. Later ,  some of these s t ructures  still remained in the fo rm of a band, while others 
fo rmed c i rcu la r  cysts  filled with secret ion (Fig. 1). The cysts  increased in size rapidly, and between the 
30th and 40th days they reached thei r  largest  size (3x 9 cm). These large cysts  pers is ted  for  a long time 
(longest period of observation 106 days). Cysts were formed in all (9) cases  of transplantation of the whole 
s tomach,  large intestine (5), and segments  of the small  intestine (12). The f i rs t  cys ts  f rom the s tomach 
were found on the 14th day, and some appeared on the 29th day. Both types measured  0.3x 0.2 cm, grad-  
ually increasing in size to 1.2• 0.5 cm and 1• 1 cm (by about the 90th day after  transplantation).  Cysts 
were formed ea r l i e r  f rom the large intestine and segments  of the small  intestine, and they reached a large 
size more  rapidly. By the 10th-15th day after  transplantation, some cysts  had attained a size of 1.6x 1, 
or  even 2 x 2.5 cm. 
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Fig. 3. Graft  of minced large intestine: atypical 
mucous membrane .  Hematoxylin-eosin,  200x. 

Transplantation of the Minced GIT. In all 25 cases  in which pieces of a mixture of different par ts  
of the intestine were t ransplanted subcutaneously, in 67 of the 72 cases  of transplantation of the stomach,  
in 71 of 75 cases  of t ransplantat ion of the large intestine, and 88 of 90 cases  of transplantation of the small  
intestine, numerous small  cysts  (0.5x 0.3 or 0.5x 0.5 cm)were  found on the 5th-8th day at the site of in- 
jection, and they increased  rapidly in size. The cysts  could grow freely  under the skin, and for this reason,  
when grafted in this manner  they were able to grow par t icular ly  large (9.5 • 6 cm). 

The cysts  growing in the thorax were usually small ,  but s o m e  of them grew large enough to occupy 
a considerable part  of the thoracic  cavity and to cause death of the animals.  

After  injection of mater ia l  into the muscle ,  cys ts  also were found, and they were able to grow for  a 
long t ime (longest period of observation 3 months), but they never grew as large as those t ransplanted sub- 
cutaneously. 

Usually numerous small  and f rom 2 to 4 large cysts  (from 1 to 4 cm in diameter) were formed f rom 
the t ransplanted f ragments ;  the large cys ts  were evidently fo rmed by the fusion of severa l  small  cysts .  
Some cysts  had a very  thin and soft wall, others a th icker  and f i rmer  wall; both types were filled with se-  
cretion,  which was always ster i le .  Sometimes the cyst  walls ruptured under the p ressu re  of their  contained 
secret ion,  which was expelled; this led to the formation of a sinus at the site of rupture,  which took a long 
t ime to heal. The cyst  walls were penetrated by numerous blood vesse ls .  

The longest period of observation was 5 months. Histological investigation of the organ-l ike s t ruc-  
tures  fo rmed  after  transplantat ion of the whole GIT showed that for  a long t ime they p rese rved  the s t ruc-  
ture of the mucous membrane and of its glandular components as typically found in the corresponding part  
of the GIT (Fig. 2). However, intensively prol iferat ing connective t issue and somet imes a layer  of smooth- 
muscle f ibers ,  of considerable thickness,  were found in the bed of the graft .  

In the cysts  formed f rom minced t issue of the s tomach or large or small  intestine, the cysts  lined 
with epithelium of a mucous membrane typical  for  each segment were mixed at random with layers  of 
smooth-muscle  f ibers ,  a reas  of prol i ferat ing loose, fibrous connective t issue,  and epithelium of the serous  
membrane.  A large quantity of prol iferat ing connective t issue was found in the bed of all the graf ts ,  just 
as in the bed of the graf ts  of the entire GIT, and its whole mass  was penetrated by numerous blood vesse l s ,  
frequently dilated and distended with blood. Besides the typical  mucous membrane of the s tomach and in- 
test ine,  these cys ts  also contained bands of epithelium without the charac te r i s t ic  folds,  villi, c rypts ,  and 
glands; in these cases  the epithelium was simple,  cyl indrical  (Fig. 3). Structures growing f rom the entire 
GIT and its par ts ,  as well as  the cys ts  growing f rom minced t issue,  always contained numerous lymphocytes 
which were distributed as diffuse foci or as follicles in the connective t i ssue  of the submucosa,  and as typ-  
ical lymph glands. Lymphocytes ,  together  with polymorphs,  infiltrated in large numbers  into the connective-  
t issue capsule of the foci of inflammation and necros i s  which, in some cases ,  were found in the graf ts .  

These experiments  thus showed that t ransplantat ion of the whole embryonic  GIT or  of its parts ,  as 
well as transplantat ion of minced segments  of the GIT, in a syngeneic sys tem lead to the formation of cysts  
capable of prolonged and progress ive  growth, with the preservat ion  of differentiation and of glandulo-epi-  
thelial,  lymphoid, and connect ive- t issue s t ruc tures .  
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Lazarenko [1] showed previous ly  in a nonsyngeneic s y s t e m  that different types  of epi thel ium grow 
intensively around the connective t i s sue  in a focus of asept ic  inf lammat ion and f o r m  m i c r o c y s t s ,  which 
subsequently degenerate  and a re  absorbed.  Toolan [2] l a t e r  showed that  minced  embryonic  s tomach  and 
intestinal  t i s sue ,  if t ransp lan ted  into nonsyngeneic rabbi t s  rece iv ing  cor t isone or into i r r ad ia ted  r a t s , f o r m s  
cys ts  which la rge ly  re ta in  a cha rac te r i s t i ca l ly  intest inal  s t ruc ture .  However,  her  expe r imen t s  did not r e -  
ceive the i r  due attention. 

The s t ruc tu re s  obtained in the p resen t  investigation,  and espec ia l ly  those a r i s ing  f r o m  graf t s  of the 
whole GIT, can be used as a convenient model for  studying t i s sue  in teract ion during growth and organo-  
genes is .  This  model also offers  f r e s h  opportunit ies  for  the study of the physiology of the GIT and, in p a r -  
t icu lar ,  the s e c r e t o r y  act ivi ty  of i ts  va r ious  pa r t s  and cel ls ,  of digestion, of the nervous and humoral  r e g -  
ulation of the functions of the GIT, and of hormone production by its var ious  divisions.  The s y s t e m  is also 
convenient for  studying intestinal  bac te r ia l  and v i rus  infections. It can also be used for  the induction of 
intestinal  t umor s  by a carcinogen.  In the presen t  au thors '  expe r imen t s ,  injection of dimethylbenzanthracene 
into cys t s  f o r m e d  f r o m  var ious  pa r t s  of the GIT led a f te r  4-5 months to the format ion  of t u m o r s ,  and these  
a re  st i l l  being studied. 

The p resence  of a la rge  quantity of lymphoid t i ssue  in the intest inal  g raf t s  sugges ts  that this model 
can be used to study immunological  p rob lems :  the physiology of the intestinal  lymphocytes ,  synthesis  of 
IgA, regulat ion of the s e r u m  protein level ,  and the induction of to le rance .  

The authors  a re  gra teful  to Academician  N. A. Kraevsk i i ,  and to Drs .  M. S. Didukh and L. I. Ravkin 
for  help with the analys is  of the hitological sect ions ,and to E. N. Al ' t shu l le r  for  technical  a ss i s t ance .  
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