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as a result of prenatal DES exposure that occur with 
greater frequency than clear cell adenocarcinoma. 
In females, these include anatomical malformations 
of the cervix, vagina, and uterus, decreased fertil-
ity, and fewer successful pregnancies.6-9 In contrast 
to females, no increased incidence of cancer has 
been reported in males prenatally exposed to DES. 
However, adverse effects have been observed in their 
reproductive tracts, including testicular hypoplasia, 
cryptorchidism, and epididymal cysts.6,7,10

Epidemiological analyses continue for those men 
and women exposed to DES in utero as physicians 
and scientists strive to better understand the long-
term effects in humans. These efforts have been 
accompanied by intensive laboratory-based research 
to elucidate the mechanisms by which DES elicits 
its carcinogenic and teratogenic effects and to bet-
ter predict and prevent the untoward effects of in 
utero DES exposure in humans. Toward this end, 
a variety of rodent models have been developed to 
study the mechanism of action and effects of DES 
based primarily on different potentials as a chemical 
substance, pharmaceutical or hormonal agent. One 
well characterized model for DES exposure is the 
neonatal mouse model in which female and male pups 

are treated with DES (2g/day) for the first five days 
of life and aged up to 18 months. DES treatment of 
female mice in this model produces a high incidence 
of reproductive tract tumors.11,12 The neonatal mouse 
model and other previously utilized rodent models 
were limited in that they could not elucidate the role 
of the estrogen receptor (ER) or DES as a hormonal 
substance in DES-induced toxicity.

The generation of mice lacking either estrogen 
receptor  (ER) or estrogen receptor  (ER), i.e. 
ER knockout (ERKO) mice, and their incorporation 
into the neonatal mouse model of DES exposure al-
lowed for examination of the role of the ER subtypes 
in mediating the effects of DES in vivo.13,14 Wild type 
(WT) female mice treated neonatally with DES 
displayed characteristic DES-induced reproductive 
tract lesions (Table 1).15 Treatment resulted in atro-
phy, smooth muscle disorganization, hyalinization, 
squamous metaplasia of the glandular epithelium, 
and endometrial hyperplasia. In the vagina, persist-
ent epithelial cornification and vaginal adenosis were 
observed in a small percentage of animals following 
DES treatment. Finally, DES induced progressive 
proliferative lesions of the epithelium in the oviduct. 
None of these reproductive tract lesions were observed 

Table 1. Incidence of pathology observed in wild-type and αERKO female mice following neonatal DES exposure.

Tissue/Lesion

Wild-type (age, months) αERKO (age, months)

4-5 8-9 12-13 18-23 4-5 8-9 12-13 18-23

Uterus

Atrophy 0/12 22/26 12/25 13/16 0/9 0/14 0/15 0/9

Disorg. Smooth Muscle 10/10 26/26 21/25 10/16 0/9 0/14 0/15 0/9

Hyalinization 10/10 25/26 23/25 12/16 0/9 0/14 0/15 0/9

Squamous metaplasia 3/10 9/26 15/25 2/16 0/9 0/14 0/15 0/9

Endometrial hyperplasia 0/12 2/26a 10/25b 7/16c 0/9 0/14 0/15 0/9

Vagina

Persistent cornification 10/10 26/26 25/25 16/16 0/9 0/14 0/15 0/9

No cornification 0/10 0/26 0/25 0/16 8/8e 13/13e 15/15e 9/9e

Adenosis 0/12 2/26 0/25 0/16 0/9 0/14 0/15 0/9

PPL of the Oviduct 11/12 23/23 21/24 14/14 0/9 0/14 0/15 0/9
aexhibited in 8 of 23 corn oil exposed wild-type mice; bexhibited in 13 of 19 corn oil exposed wild-type mice; cexhibited in 9 of 12 
corn oil exposed wild-type mice; eexhibited in 1 of 12 corn oil exposed wild-type mice; eexhibited in 100% of corn oil exposed mice 
of same genotype and age. Unless otherwise noted there was a 0% incidence in corn-oil treated animals of the same genotype. PPL 
= progressive proliferative lesion. Adapted from source: Couse J.F., Dixon D., Yates M., Moore A.B., Ma L., Maas R., and Korach 
K.S., Dev. Biol., 238, 224-238, 2001. Source: Henley D.V., and Korach K.S., Endocrinology, 147(6) (Supplement), S26, 2006.




