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In the course  of investigations of the effect of intravaginal applications of es t rogen and in t racerviea l  
application of a powerful carcinogen (9,10-dimethyl- l ,2-benzanthracene)  on the epithelium of the genital 
t rac t  in mice, in some cases  the author observed replacement  of the uterine epithelium by strat if ied 
squamous epithelium [1, 2]. After fur ther  study of such cases  it was concluded that the d iscovery  of 
s trat if ied squamous epithelium in the uterus  was the resul t  of migrat ion of epithelium f rom more  caudal 
par ts  of the genital t r ac t s  into the uterus.  

In the presen t  investigation the reasons  for the migrat ion of s trat if ied squamous epithelium into the 
uterus were investigated, with par t icu lar  re fe rence  to the possible importance of inf lammatory  changes in 
the uterus and dis turbances  of maturat ion and growth of the epithelium in the vagina itself (both these phe- 
nomena have usually accompanied administrat ion of the estrogen and carcinogen). 

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

Inf lammatory  changes were  produced in the u terus  of mice by introducing polyurethane sponge and 
linen thread into the cornu and cerv ica l  canal. Access  to the uterus for in t racerv ica l  introduction of the 
sponge was obtained by a small  incision in the suprapubic part  of the midline of the abdomen (the uterus  
was extracted by gentle t ract ion on the cel lular  t issue of the adnexa by forceps).  The sponge was then 
fixed by a c i rcu la r  l igature applied to the cornu. The thread was also introduced by a needle in the same 
way or per vaginam. In the latter case, after laparotomy and mobilization of the uterus into the wound of 

the abdominal wall (as in the case of introduction of the polyurethane sponge) the thread was passed into 

the eervieal canal afterthe needle under visual control, using a small nasal speculum. The needle was 
brought out of the uterine cavity through the wall of the eornu near its apex. The wound was closed by 

two continuous sutures - one to the muscle and the other to the skin of the abdominal wall. 

Observations continued after this operation for about 1.5 months (from 42 to 47 days). Otherwise 
the method was identical with that described previously [i, 2]. The animals were sacrificed with chloro- 

form; the abdomen was opened immediately after respiration ceased. Next, 2-3 drops of cold water were 
applied to the body of the uterus by means of an ophthalmic pipet. This caused a contraction of the longi- 
tudinal muscle of the uterus, shortening the eornua and making them relatively straight. The whole cadaver 
of the animal was fixed in 10% formalin solution. The uterus and vaginawere then resected from the cadaver 

in one piece and embedded in paraffin wax. Sections were cut in the frontal plane along the long axis of the 

organ so that the preparation contained epithelium of the various parts of the uterus, the cervix uteri, and 

the vagina at the same time. The sections were stained in two ways: with hematoxylin-eosin and with 

Heidenhain's hematoxylin and mueicarmine. 

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

Examination under the microscope  showed that pathological changes were presen t  mainly in the uterus, 
and took the form of the development of inflammation and replacement  of the uterine epithelium by strat if ied 
squamous epithelium (corresponding to the resu l t s  of the previous observations).  As the table shows, the 
appearance of strat if ied squamous epithelium in the uterine cavity and replacement  of the uter ine epithelium 
were  observed in two-thi rds  of cases  (in 14 of 21 experiments) after in t racerv ica l  introduction of the thread 
and the polyurethane sponge. These changes were observed in about one-third of animals following in t ra-  
cervica l  application of the carcinogen (in 6 of 19 cases)  and intravaginal administrat ion of es t rogen (in 
26 of 68 cases) .  

Institute of Oncology, Academy of Medical Sciences of the USSR, Leningrad (Presented by Active 
Member  of the Academy of Medical Sciences of the USSR, A. I. Serebrov).  Trans la ted  f rom Byulleten' 
]~ksperimental 'noi Biologii i Meditsiny, Vot. 63, No. 2, pp. 109-113, February ,  1967. Original  ar t ic le  
submitted June 27, 1965. 
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Distribution of Cases with Replacement of Uterine Epithelium by Stratified Squamous Epithelium among 
Groups of Experiments 

E x p e r i m e n t a l  cond i t ions  

I n t r a e e r v i e a l  i n t roduc t i on  of:  
P o l y u r e t h a n e  sponge  
Linen  t h r e a d  
C a r c i n o g e n  

I n t r a v a g i n a l  a d m i n i s t r a t i o n  of e s t r o g e n *  

T o t a l  

Number  of a n i m a l s  

To ta l  

15 
6 

19 
68 

108 

Wi th  r e p l a c e -  
men t  of u t e r i n e  
e p i t h e l i u m  by 
s t r a t i f i e d  
s q u a m o u s  

10 
4 
6 

26 

46 

D u r a t i o n  of 
e x p e r i m e n t s  
(in days)  

42-47  
42-47  

138-386 
7 - ] 8  

* P r e v i o u s  i n v e s t i g a t i o n s .  

The  p e r i o d s  of o b s e r v a t i o n  in the  d i f f e r en t  g roups  of e x p e r i m e n t s  v a r i e d  as  f o l l o w s : *  the  s h o r t e s t  
w e r e  a f t e r  a d m i n i s t r a t i o n  of e s t r o g e n  (7-18 days ) ,  t hey  w e r e  about 2 .5 -6  t i m e s  l o n g e r  a f t e r  i n t r a c e r v i c a l  
a p p l i c a t i o n  of the  t h r e a d  o r  p o l y u r e t h a n e  sponge  (42-47 days ) ,  and much  l o n g e r  (138-386 days)  a f t e r  i n t r a -  
c e r v i c a l  app l i ca t i on  of the  c a r c i n o g e n .  

It was  c l e a r  f r o m  the  h i s t o l o g i c a l  p r e p a r a t i o n s  tha t  the  s t r a t i f i e d  s q u a m o u s  e p i t h e l i u m  in the  u t e r i n e  
c a v i t y  r e t a i n e d  a d i r e c t  connec t ion  with t he  e p i t h e l i u m  l in ing  the  c e r v i c a l  cana l  and the  v a g i n a l  c a v i t y  (see  
the  fig~are a). Th i s  was  found in a l l  g roups  of the  e x p e r i m e n t .  The  u t e r i n e  ep i t he l i um was  a lways  e a s i l y  
d i s t i n g u i s h a b l e  f r o m  ep i t h t i um invad ing  the  u t e r u s .  No c a s e  of we l l  m a r k e d  k e r a t i n i z a t i o n  of the  s t r a t i f i e d  
s q u a m o u s  e p i t h e l i u m  advanc ing  into the  u t e r i n e  c a v i t y  was  o b s e r v e d ,  t t  r e s e m b l e d  only  the  p r o e s t r a l  
e p i t h e l i u m  of  the  vag ina .  In  o t h e r  w o r d s ,  the  e x p e r i m e n t s  showed tha t  s t r a t i f i e d  s q u a m o u s  e p i t h e l i u m  p e n e -  
t r a t e d  into (invaded) the u t e r i n e  c a v i t y  f r o m  a r e a s  of the  gen i t a l  t r a c t  s i t u a t e d  m o r e  c a u d a l l y  in a l l  g r o u p s  
of the e x p e r i m e n t s  wi th  t h e i r  d i f f e r e n t  cond i t i ons .  

Mos t  c o m m o n l y  i n v a s i o n  of s t r a t i f i e d  s q u a m o u s  e p i t h e l i u m  was  o b s e r v e d  into the  u t e r i n e  c a v i t y  a s  
f a r  a s  the cauda l  t h i r d  o r  q u a r t e r  of the  co rnua ,  but  s o m e t i m e s  n e a r l y  t o t a l  r e p l a c e m e n t  of the  u t e r i n e  
e p i t h e l i u m  was  o b s e r v e d .  

F o l l o w i n g  i n t r o d u c t i o n  of the  t h r e a d ,  p o l y u r e t h a n e  sponge ,  and e s t r o g e n ,  the  e p i t h e l i u m  l in ing  the  
u t e r i n e  cav i t y  was  the f i r s t  to be  r e p l a c e d .  The  e p i t h e l i u m  of the  g lands  was  r e p l a c e d  s o m e w h a t  l a t e r .  
Usua l l y  even wi th  to ta l  r e p l a c e m e n t  of the  l in ing  e p i t h e l i u m ,  ind iv idua l  u t e r i n e  g l ands  r e m a i n e d  i n t ac t  (see 
the  f i g u r e  b). H o w e v e r .  in the  e x p e r i m e n t s  wi th  i n t r a c e r v i e a l  a p p l i c a t i o n  of the  c a r c i n o g e n ,  the  s t r a t i f i e d  
s q u a m o u s  e p i t h e l i u m  s p r e a d i n g  over  the  s u r f a c e  of the  u t e r i n e  m u c o u s  m e m b r a n e  and r e p l a c i n g  the  e p i -  
t he l i um l in ing the  u t e r u s  a l so  advanced  into the  due t s  of the  g lands ,  r e p l a e i n g  t h e i r  e p i t h e l i u m  a l so .  In 
addi t ion ,  at about the  l e v e l  of t hose  p a r t s  of the  i n t e r m e d i a t e  po r t i on  b o r d e r i n g  on the  u t e r u s ,  the  a p p e a r -  
a n t e  o[ c h a r a c t e r i s t i c  g l a n d - l i k e  s t r u c t u r e s  could  be seen ,  a l so  f o r m e d  by ep i t he l i um of p r o e s t r a l  t ype .  

Fo l lowing  i n t r a c e r v i c a l  and i n t r a v a g i n a l  i n t roduc t ion  of the  fo r e ign  b o d i e s ,  t h e i r  r e m a i n s  w e r e  f r e -  
quent ly  v i s i b l e  in the  u t e r i n e  cav i ty .  In e v e r y  c a s e ,  w h a t e v e r  the  f o r m  of the  e x p e r i m e n t ,  i n f l a m m a t o r y  
changes  w e r e  p r e s e n t  in the  u t e r u s .  The  n u m b e r  of l eukocy t e s  i n f i l t r a t i n g  the  m u c o u s  m e m b r a n e  of the  
body and c e r v i x  of the  u t e r u s  v a r i e d  c o n s i d e r a b l y  f r o m  one p a r t  to ano the r .  Usua l l y  l e u k o c y t e s  w e r e  found 
as  ind iv idua l  c e i l s  ly ing  s o m e  d i s t a n c e  f r o m  one ano the r  and not f o r m i n g  zones  of d e n s e  i n f i l t r a t i o n .  How- 
e v e r ,  h e r e  and t h e r e  in the  s u b e p i t h e l i a l  connec t ive  t i s s u e ,  d e n s e  a r e a s  of i n f i l t r a t i o n  wi th  l e u k o c y t e s  

cou ld  be s e e n .  

The  vag ina l  ep i t he l i um was  n o r m a l  in a p p e a r a n c e .  In s o m e  c a s e s  i t  was  k e r a t i n i z e d .  T h i s  was  e v i -  
den t ly  the  f e a t u r e  d i s t i n g u i s h i n g  i t  m o s t  e s s e n t i a l l y  f r o m  the  e p i t h e l i u m  invad ing  the  u t e r i n e  cav i t y .  

* The  e x p e r i m e n t s  w e r e  c a r r i e d  out at d i f f e r en t  t i m e s  and for  d i f f e r en t  p u r p o s e s .  
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Introduction of polyurethane sponge 
into the right uterine cornu (47 days). 
a) Pa r t  of uterus and adjacent portions 
of more caudal part of the genital tract. 
Stratified squamous epithelium is ad- 

vancing into the uterus, cov.ering two- 
thirds of the left eornu and almost com- 

pletely replacing the uterine epithelium 

of the right eornu. Magnification 7 x 

(loupe). Hematoxytin-eosin; b) part of 

the top right hand corner of figure a 

under higher power. The only part of 

the right cornu where remains of glands 

preserving the uterine epithelium can 

be found in the mucous membrane. 180 • 

Hematoxylin- eosin. 

When comparing the resul ts  of the experiments  de- 
scr ibed in this paper with those of ea r l ie r  experiments  in 
which estrogen was introduced into the vagina or  a ca rc ino-  
gen into the cerv ica l  canal, the f i rs t  point to be made is that 
new results have been obtained confirming the ability of the 

stratified squamous epithelium, in certain conditions, to 
invade the uterus and replace the uterine epithelium. In 
the histological sections which were prepared, the pene- 

tration of stratified squamous epithelium from more caudal 

areas of the genital tracts into the uterine cavity was 

proved conclusively. 

It was not one of the aims of this investigation to de- 

termine in what experimental conditions this invasion of 

the uterus by stratified squamous epithelium took place 

more rapidly. With the number of animals used, the very 
different periods of the experiment, and the technique 
adopted for assessment of the histotopographieal features 

of the epithelia, this would be impossible. Invasion of the 
uterus by stratified squamous epithelium, wlhieh was ob- 

served in experiments in different conditions, always took 

place in the presence of the same common condition - the 

presence of inflammatory changes in the uterus. Following 

intravaginal application of estrogen, or intraeervical ap- 
plication of the powerful carcinogen 9,10-dimethyl-l,2- 

benzanthracene, or of polyurethane and linen thread, a 

direct connection was found between the stratified squamous 

epithelium invading the uterus and the same epithelium of 

the more caudal portions of the genital tracts in 46 cases. 

Clear differences between the morphologicM characteristics 

of the uterine epithelium and of the epithelium replacing it 
persisted even when, under the influence of a high estrogen 

level, the uterine epithelium, prismatic in normal condi- 

tions, underwent reorganization accompanied by some de- 

gree of flattening of its cells [21. 

Following in t racerv ica l  application of the linen thread 
and the polyurethane sponge, the products  of inflammation 
and destruction,  escaping from the uterine cavity into the 
cerv ica l  canal and vagina, caused no marked excessive p ro -  
l iferation of the epithelium within the periods of these ex- 
per iments .  In other words,  in these experiments  the in- 
vasion of the uterus by stratif ied squamous epithelium was 
not accompanied by changes in the vaginal epithelium. 

The durations of these experiments  were evidently too short for manifestat ion of the carcinogen action 
of polyurethane [11]. Application of es t rogen caused changes in the vaginal epithelium rela t ively quickly. 
Prolonged application of es t rogen is known to cause the development of tumors  in the vagina [9, 14]. Tumors  
have also been found to develop in the vagina in experiments  in which a carcinogen has been applied in t ra-  
cervica l ly  [1]. The resul ts  obtained show, first ,  the importance of inf lammatory  changes in the uterus in 
the pathogenesis of p rocesses  associated with the appearance of stratified squamous epithelium in that 
organ. In the au thor ' s  ea r l i e r  experiments ,  in which a carcinogen was introduced per vaginam into mice,  
in roughly 90% of the animals p recancerous  changes and carc inoma of the vagina developed [1[. However, 

I 
these procedures  were  not accompanied by the development of inf lammatory changes in the uterus,  and 
there was no evidence of the replacement  of the uterine epithelimn by strat if ied squamous epithelium. 

Consequently, judging by the experimental  resul ts ,  the inf lammatory changes in the uterus  are one 
of the causes  of the invasion of the uterus by strat if ied squamous epithelium. Disturbances of maturat ion 
and growth of the epithelium actually in the vagina were  of no importance in this respec t .  
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These results may evidently be used to determine the possible causes of the appearance of stratified 
epithelium in the cavity of the human uterus. This means that when an interpretation is sought of the genesis 
of the different pathological squamous-cell structures arising inthe uterine cavity, and, in particular, the 
genesis of the squamous-celi metaplasia of the epithelium of the thinner portion of the cervix uteri and the 
adjacent areas of the endometrium, this ability of the cervical epithelium to invade the uterus and replace 
the uterine epithelium must be borne in mind. At the same time, the possibility of a true squamous-ceH 
metaplasia of the uterine epithelium is not ruled out. Such a metaplasia has frequently been reported in 
both clinical and experimental conditions [3-8, I0, 12, 13]. 

1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

I0. 
II. 
12. 
13. 
14. 

LITERATURE CITED 

N. I. Vol 'fson,  T ransac t ions  of the Inst i tute of Ontology, Academy of Medical Sciences of the USSR 
[in Russ ian  J, 3, 171, Leningrad (1960). 
N. I. Vol ' fson,  Akush. i Ginekol.,  No. 4, 87 (1961). 
O. 

N. 
E 
E 
E 
C 
W 
G 
W 
C 
H 

V 

I. Epifanova, Byull.Eksp. Biol., No. 3, 102 (1961). 
I. Kazanskaya, Arkh. Pat., No. 2, 53 (1947). 
A. Popova, Byull. l~.ksp. Biol., No. 2, 66 (1956). 
A. Popova, Arkh. Pat., No. 9, 59 (1958). 
L. Prigozhina, Arkh. Pat., No. 3, 28 (1949). 
F. Fluhmann, Arch. Path., 59 (1955), p. 238. 
U. Gardner, Ann. New York Aead. Sci., 75 (1959), p. 543. 
Gitlin, Anat. Rec . 120 (1954), p. 637. 
C. Hueper, J. Nat. Cancer Inst., 3__33 (1964), p. 1005. 
S. McEuen, Am. J. Cancer, 27 (1936), p. 91. 
Selye, D. L. Thomson, and J. B. Collip, Nature, 135 (1935), p. 65. 
Suntzeff, E. L. Burns, M. Moskop, et al., Am. J. Cancer, 32 (1938), p. 256. 

All  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the above  b ib l iog raphy  are l e t t e r - b y - l e t t e r  t r an s l i t e r a -  

t i ons  of the a b b r e v i a t i o n s  as g i v e n  in the o r ig ina l  R u s s i a n  jou rna l .  S o m e  o:  a l l  o f  th is  per i -  

od ica l  l i t e ra ture  m a y  w e l l  be  a v a i l a b l e  in E n ~ t i s h  t rans la t ion .  A comple t e  i i s t  of the cover- to-  
cover  E n g l i s h  t r a n s l a t i o n s  appea r s  at the hack of  the f i r s t  i s s u e  of t h i s  year.  
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