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Abstract 

Scanning electron microscopy (SEM) was used 
to observe changes in the hamster endometri um 
cell surface following in utero pre- and/or 
postnatal exposure to diethylstilbestrol (DES). 
Some of the changes in eel l surfaces are associ 
ated with alterations in cell sizes and shapes 
(from columnar to cuboidal and / or squamous) and 
in microvilli and mucous secretion. In all 
cases, DES treated uteri show mucosal eel l sur
face pleomorphism, apocrine secretion and cystic 
accu mul ation of secretory material. Microvillous 
p l eomorphism and peculiar linkages attaching one 
iicrovillus to others were investigated. 
Although the function and nature of such linkages 
is unclear , their presence seems to be more 
prominent in the in utero DES treated hamster 
endometri um. Thesei nfrastructures may provide a 
su pport for the microvilli distributed on the 
mucosal cell surfaces, i.e . , a morphological 
co mpromis e between the single microvillous sur
face and the microridged structures. These 
interconnections may represent glycocalyx mate
rial or re modeling of cell surfaces toward 
s quamous epithelium. 

KEY WORDS: Syrian hamster, ce 11 surface, micro
vi 11 i , interconnections, endometrium, in utero, 
diethylstilbestrol, scanning electron microscopy. 
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Introduction 

Scanning electron microscopy (SEM) has been 
particularly successful in demonstrating endo
metrial surface changes in the female reproduc
tive tract in response to either normal rhythmi
cal variations in the secretion of ovarian hor
mones or during implantation in animals (Anderson 
et al. 1975; Ennis and Davies, 1982; KLlhnel and 
Busch, 1981; Lamb et al., 1981; Mclachlan, 1979 ; 
Mclachlan et al., 1980; Parkening, 1975, 1976, 
1979; Pl api nger and Bern , 1979; Segal en et al. , 
1982) and humans (Ferenczy and Richart, 1973, 
1974; Schueller, 1973) or to a variety of patho
logical influences resulting in benign and malig
nant morphologies (Aycock et al, 1979 ; Fenoglio 
et al, 1982; Herbst and Multier-Lajou s , 1980; 
Kenemans et al , 1981; McLennan, 1974 ; Mot ta and 
Andrews, 1976; Nathan et al, 1978; Nils so n et al, 
1980; Thom et al, 1981) . 

Most of the earlier studies have focu s ed on 
the lower portions of the re produ c tive tract in 
both animals and humans, consequently little is 
known regarding the morphological, hi s tochemical 
and bi ochemi cal changes occurring in the upper 
genital tract . 

This st udy reports differential morphologi
cal changes occurring at the surface of endo
metri al cells resulting from prenatal and /or 
postnatal exposure to DES and confirms that some 
of these changes correspond to those observed in 
human endometrium (Richart and Ferenczy, 1974). 
In addition, the uterine changes appear to be 
more extensive than those previously reported for 
mice and rats (Lamb et al., 1981; Mclachlan et 
al., 1980; Plapinger, 1981; Plapinger and Bern, 
1979). 

This study reports peculiar morphological 
aspects related to the micro v illou s covering of 
endometrial ce ll s as a part of more extensive 
reports describing endo metrial cell surface 
changes resulting from prenatal and / or postnatal 
exposure to DES (Gilloteaux and Stegg les, 1981 , 
a l so in preparation). 

Materials a nd Methods 

Thirty (30) timed pregnant Syrian hamsters 
(Mesocricetus auratus Waterh, strain lak LVG. 
SYR) were purchased from Charles River Co. 
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Twenty (20) were injected s ubcutaneously with DES 
in corn oil (100 µg DES/ kg bw/day ) on day s 8-11 
(inclusive) of pregnancy . Ten (10) control 
animals received oil only. After weaning, the 
female pups were housed three to a cage. The 
daughters (at 50 days of age) were divided into 
four groups designated as follows: (i) 9 from 
untreated mothers ( C. C), (ii) 9 from DES treated 
mothers (D . C), (iii) 9 from untreated mothers 
then postnatal ly DES treated (C. D), (iv) 9 from 
DES treated mothers then postnatally DES-treated 
(D.D) . 

The postnatal DES treatment consisted of the 
subcutaneous implantation of a DES pellet (15 mg) 
into the interscapular dorsal region. New pel
lets were implanted every three months . The 
effectiveness of this treatment has been dis
cussed previously (Gi 1 loteaux et al., 1982). 
After 100 days of treatment, 3-5 animals from 
each group were killed by cervical dislocation, 
and the uteri removed and divided in two equal 
parts. One part was fixed in 4% buffered para
formaldehyde (pH 7 . 3, 0 . 1 M phosphate) and 
examined after routine paraffin embedding, fol
lowed by topographical hematoxylin eosin and 
silver reticulin stainings. They were studied 
using the 1 i ght micro scope and these findings 
were reported elsewhere. The other part was 
prepared for either (1) SEM or (2) transmission 
electron microscopy studies (in preparation). 
SEM specimens, less than 1 mm in thickness, were 
soaked 30-45 sec in 0 .2% protease (type VI, 
Sigma) before they were fixed at room temperature 
in a 3% glutaraldehyde-formaldehyde, 0 . 1 M caco
dylate sol ut ion (pH 7 .3 5), washed in 0 .2 M Na 
cacodylate (pH 7 . 35), then fixed in 1% Os04 0 . 2 M 
sodium cacodylate solution (pH 7. 35) . After 
washing, the SEM fixed specimens were dehydrated 
using graded ethanol so 1 ut ions ( 30% to 100%) and 
dried in a Polaron E 3000 critical point drying 
apparatus (Polaron Ltd. , England). 

As a result of cutting cross-sections 
through the walls of the uterine horn, the fixa
tion and freeze-drying preparative steps induced 
shrinkage . This occurred more extensively in the 
muscular wal 1 than at the level of the endo
metrium layers . As a consequence, the outer more 
resilient uterine layers (myometrium and serosa) 
provoked a reflection of the luminal surfaces 
toward the outside of the uterine samples . These 
everted luminal surfaces facilitated the SEM 
observations. All samples were coated with 
carbon and gold before examination at 25 kV in a 
JEOL JSM-35C scanning electron microscope . 

Results 

Macroscopic changes 

When cross-sectional slices from treated 
uterine horns are compared, we note the following 
sequence regarding the mean cross-sect i ona 1 
diameter dimensions: D. D (9. 80 ± 1. 24 mm2 ± 
SD) > C. D (8 . 87 ±. 1.36) > C.C (4.84 ± 1.68) > 
D. C (2.03 ± 0 . 26) which correspond to values 
reported previously (Gilloteaux and Steggles, 
1981 ; Gi 1 loteaux et al . , 1982) . The untreated 
C. C (Fig. la) and prenatally treated (D.C) uteri 
(Fig. 2a) are always smaller in size than the 
postnatally DES treated uteri (C.D and D. D, 
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Fig. 3a and 4a); both treatments s how a charac
teristic combined hyperplastic and hypertrophic 
response due to the DES exposure. In addition, 
referring to a previous publication (Gilloteaux, 
et al., 1982), we know that the D. C uteri are 
smaller than uteri from any other treatment group 
of less than 250 days of age. The oldest D.C 
uteri (350 days old) morphologically resemble 150 
day C. D uteri, since cystic structures were 
observed within the endometrial la yers 
(Gilloteau x et al., 1982). Since the C. D and D.D 
uteri are hypertrophic and too large to be shown 
in one illustration, only portions of the cross
section of the uterine horn are shown. In addi
tion both C. D and D. D uteri contain many intra-
1 umi na 1 ridges, folds and large polyps . These 
luminal surfaces, which include ridges, polyps 
and papillae , are more c learly seen when the 
uterine horn cross-sections are inverted. These 
polyps are extensively developed and extend i nt o 
different size papillae and because they are 
twisted in the lumen , construct plug-like struc
tures (Fig . 3a and 4a) . 
Microscopical c hanges 

The changes detected by SEM at the l eve 1 of 
endometrium have been hi stologica lly described in 
previous reports (Gi 11 oteaux and Stegg l es, 1981, 
1982, 1983, and Gilloteaux, et al., 1982). 
Following SEM analysis, general morphological 
changes can be summarized by the following char
acteristics: 

Control-untreated (C . C) uteri present convex 
apices and their surface is abundantly covered by 
microvilli (0.5 µm in height and 0.15 to 0.20 µm 
in width) while others have only sparse micro
vi 11 i as secretory cells of the apocri ne type 
(Fig. lb) . In utero DES-treated uteri (D.C) 
present a hypoplasia and are covered by sing le 
cuboidal cylindrical epithelial cells with both 
types of C.C cells but the D.C uteri show a 
mucosal membrane apparently unable to produce 
apocrine or merocrine secretory activity 
(Fig . 2b) . Only later in life , uterine hyper-
plasia occurs and secretory products are observed 
in crypts and/or cystic structures (Gilloteaux et 
al., 198 2). Postnatal DES-treated uteri (C.D) 
present enlargement of uterine horn size compared 
to C.C. uteri . The endometrial proliferation 
induces hyperplastic growth with formation of 
ridges and finger-like polyps which project in 
the uterine cavity. They may reach 1 mm in 
height and measure 0.5 x 0 . 2 - 0.3 mm in cross 
section and generally contain cystic glands 
fi 11 ed with secretory products. The endometri um 
shows a complex eel I surface and mic rovi llou s 
p 1 eomorphi sms by presenting squamous smooth to 
cyl i ndri cal , mi crovi 11 ar and merocri ne secretory 
cell mucosa. Microvilli are usually short (0.10 
to 0.15 µm in height) except at the cell borders 
where long microvilli are present (0.25 to 
0.30 µm) which appear as ridges enhancing the 
cell outlines . In many places , an extended 
single microvillous protrudes from the central 
apices (Fig . 3b). 

Pre- and postnatally DES-treated uteri (D.D) 
present extensive abnormalities including minute 
to large papillae (Gilloteau x et al., 1982) which 
bulge out the uterine ridges, and can reach 2 mm 
in height . These papillae often appear as 
finger-like or flat-sheeted shaped expansions 



Fig. 1: C.C uteri 

la. SEM aspect of cross
sectioned horn. Bar= 
1000 µm. 
lb . Depicts a typical 
epithelial covering with 
long microvi lli, The 
dense packing of micro
vi lli does not al low a 
clear view on bridges 
present at the basal 
portion of each micro
villus. Bar= 1 µm. 

Fig. 2: D. C uteri 

2a. Hypoplastic cross
sect ioned horn, Bar= 
1000 µm. 
2b. Note the non-sec
retory aspect of flat 
cap-shaped apices. 
Few intermicrovillar 
fibrils appear en face 
or in obli que views 
Bar = 1 µm. 

Fig 3: C.D uteri 

3a. After dissection of 
a part of one horn in 
the longitudin al di
rection, the luminal 
surface is everted and 
the endometrium shows 
bulging polyps. Bar 
= 1000 µITT. 

3b. Endomertial muscosa 
showing merocrine belbs. 
Note the short microvi lli 
and their interconnect
ed fibrils. In addi
tion, each cell apex 
presents one sing le 
elongated microvi llu s 
(arrow). Bar= 1 µm. 

Fig. 4: D.D uteri 

4a. Endometrial polyps 
and finger-like papillae 
after 300 days postnatal 
DES treatment. Bar = 
100 µm. 
4b. Tuft of elongated 
microvi lli localized 
at t he j unction of 
several cell apices 
covered by short micro
vi 11 i. Bar = 1 µm. 

DES-Induced Uterine Alterations 

305 



J . Gill otea ux and A. W. Steggles 

(0 . 3 x 0. 1 mm in diameter) (Fig . 4a) . The sur 
faces examined by SEM show pleomorphism like in 
the C.D uteri and often tufts of atypically 
slender microvilli that could be found at the 
junction of several cells (Fig. 4b) . In addi
tion, many cystic glandular openings are perfo
rated through destruction now protruding squamous 
mucosa cells . Epithelial cells have swollen 
bulging surfaces covered by cells with irregular 
boundaries similar to those noted by Richart and 
Ferenczy (1974), Stenback et al . (1980) , Halter 
et al. (1981) and Gilloteaux and Steggles (1981, 
al so in preparation). 
Microvilli peculiarities 

Throughout this study we found that C. D and 
D.D uteri depict microvilli pleomorphism . The 
ce 11 api ces can have either smooth or irregular 
surfaces due to the presence of short microvilli 
and sometimes are accompanied by one or more 
peculiar long slender micro villus (Fig. 3b) . 
Tufts of elongated microvilli are also discovered 
(Fig . 4b) . In addition, we notice that for all 
the microvillous structures observed , peculiar 
linkages appear to attach one microvillus to 
others, either by single or multiple linkages . 
The treatment by protease to remove mucoprotei n
aceous secretion and ce 11 debris of the endo
metri um cell surface helped to reveal these 
infracellular structures. 

Following careful examination of the endo
metrium cell surfaces, it is remarkable to notice 
that the covering mi crovi 11 i are interconnected 
by anastomoses of less than 0.50 µmin length and 
20 to 45 nm in diameter which are freely extended 
parallel to the outer cell surfaces. Several of 
these fibers can be observed attaching microvilli 
to each other . They are localized near the basal 
portion of each short, long or distorted micro
vi 11 i (Fig . 5-7) . 

These microvilli often appear to be equid is
tantly distributed on the cell apices (ab out 0.35 
to 0.40 µm from center to center) . Interestingly 
enough, these are apice s which are devoid of 
clear microvillous coverage and/or as soci ated 
with some apical secretory processes . On the 
secretory epithelial cells, the few microvilli at 
the edges of the bulging apices are clearly 
linked by these bridges (Fig . 5) . In the cystic 
glands, where the mi crovi 11 i appear bent, these 
linkages are clearly depicted (Fig . 6) . At 
higher magni fi cations, these bridging structures 
appear more clearly (Fig . 7a ,b) . 

Discussicn 

The discovery of rare reproduct i ve tract 
abnormalities in young women result i ng from a 
prenatal DES-treatment (Haney et al . , 1979; 
Herbst et al, 1979; Robboy et al, 1979; Scully et 
al ., 1978; Stenback et al, 1980; Tavassol i and 
Kraus, 1978) has 1 ed to severa 1 systematic case 
reviews and a few animal studies . Some human-
1 ike pathologies have been induced in mice (Lamb 
et al, 1981; Plapinger, 1981; Plapinger and Bern , 
1979), rats (Ennis and Davies, 1982; Takewaki, 
1964) and hamsters (Leavitt et al , 1980; Rustia 
and Shubik, 1970); however, few reports have 
dealt with the upper reproductive tract, or have 
used SEM to study endometrial abnormalities . 
This present work comp 1 ements previous reports 
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(Gilloteaux and Steggles, 1981,1983; Gilloteaux 
et al., 1982; Steggles and Gilloteaux, 1980) 
demonstrating the usefulness of the Syrian 
hamster to study transplacental and postnatal DES 
carcinogenetic effects on both male and female 
reproductive tracts, and that the defects 
resembled some of the described human abnormali
ties, including hypoplasia (in D.C women) and the 
lack of ut erine secretory activity, which were 
proposed to contribute to the possible subfertil
ity in women who had been prenatally exposed to 
DES. Only future SEM studies on uterine tissue 
biopsies from "D. C" human females could provide 
an informative comparison . 

In this study, we also found that C.D and 
0. 0 uterine hypertrophy is associated with poly 
morphic mucosae, which display hyperplasia and/ or 
abnormalities resembling the carcinoma in situ 
and adenocarcinomatous lesions (Gilloteaux~ 
al. , 1982) . Among other morpho l ogi ca 1 abnorma 1 i
t i es, cell surface pleomorphism accompanied by 
microvilli alterations has to be mentioned 
(Ferenczy and Richart, 1974; Halter et al ., 1981; 
Kenemans et a 1. , 1981; Rambo and Szego, 1983) . 
In addition , bridges between microvilli have been 
noticed throughout this study. Indeed, at this 
point, it is only possible to speculate about the 
nature of these filamentous edifices interacting 
with microvillous surfaces . They can be stress 
fibers which are parts of the cell subsurface or 
glycoproteinic bridges produced by the cell 
surfaces and linking microvilli with each other 
similar to those presented in illustrations of 
the epidermal ce 11 surface of the 1 amprey 1 arva 
(Fahrenbach, 1975) or the "junctional ridges" 
found in the 1 umena l surfaces 1 i ni ng the toad 
bladder (Davis et al., 1974) . These interesting 
structures have not been observed to be associ
ated with any of the DES treatments (D.C , C. D, 
and D. D). However, these bri dging connection s 
appear to be the most prominent in the D. C uteri . 
Although the nature and function of these micro
villous anastomoses is unclear , we could specu
late that these linkages may bring "mechanical" 
support for these mi crovi 11 i, i . e . , a morpho 1 ogi
cal compromise between the simple microvillous 
surface and the microridged structures. Finally, 
the interconnections may represent glycocalyx 
material or , perhaps , remodeling of cell surfaces 
toward squamous epithelium . In addition, some of 
these changes may represent morpho l ogi ca 1 signs 
for the identification of other pleomorphic 
changes associated with epithelial metaplasia and 
other abnormal cell differentiations resulting 
fro m DES treatment. 
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Discussion with Reviewers 

Reviewer I : Why does DES have a hypoplastic 
effect prenatally and a hypertrophic or hyper
plastic influence when given postnatally ? Which 
uterine compartment (i.e., endometrium or myo
metrium) is more responsive to DES? 
Authors : It is not possible to answer this 
question since we can only specu l ate about the 
differential in utero vs. postnatal DES effect . 
There is, at this time, no explanation available 
through the literature . 
The endometrium is more responsive than the 
myometrium to DES. The myometrium does not 
appear to alter unless the treatment is prolonged 
until 350 days of age or the doub 1 e prenatal and 
postnatal DES treatment is applied for at least 
200 days. In both cases, inflammatory i nfi ltra
t ion and endometrios i s are observed within the 
myometrium. 

Reviewer I: Are mi crori dges of DES-treated 
uterine cells an indication of modulation toward 
a squamous ce 11 type? Have you observed these 
cells by transmission electron microscopy and, if 
so, found conspicuous tonofilaments? 
Authors : Yes, the existence of mi crori dges is 
related to the DES treatment and could be an 
indication of endometrium modulation toward a 
squamou s cell type . From a preliminary (unpub
lished) study by transmission electron micros
copy, we found intramicrovillar ridges, numerous 
desmosomes and their accompanying tonofi laments 
oriented parallel to on in the vicinity of the 
endomet r ial cell apices. 
These findings, added to our previous observa
tions a nd those presented in this communication, 
confirm the t ransp l acenta l DES effect on the 
Syrian hamster uterus. 

Reviewe r I: In this interesting work, you have 
focused your attention on DES-related uterine 
changes . Using the same hamster model, have you 
observed similar or different abnormalities in 
higher reproductive tract tissues (i . e., ovi
duct) ? 
Autho rs : Yes, by using the same hamster model we 
have observed simi lar abnormalities in the ovi
duct. Occasionally we have found ovarian tumors 
in the D. D-treated group . These tumors were of 
the gr a tnul osa the ca cell type i dent i cal to those 
described by Rustia and Shubik (1976). 
Reference: Rustia, M. and Shubik, P. (1976). 
Transplacental effects of diethylstilbestrol on 
the genital tract of hamster offspring. Cancer 
Lett. 1 , 139-146 . 
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