
Histol Histopathol (2000) 15: 325-334 

http://www.ehu.es/histol-histopathol 

Invited Revie W 

Histology and 
Histopathology 

Cellular and Molecular Biology 

Regulation of VEGF in the 
reproductive tract by sex-steroid hormones 
S.M. Hyder and G.M. Stancel 
Department of lntegrative Biology and Pharmacology, The University of Texas Medical School at Houston, Houston, USA 

Summary. Vascular endothelial growth factor (VEGF) is 
a key regulator of angiogenesis. In adults, angiogenesis 
is an infrequent event in the normal tissue except in the 
female reproductive tract where angiogenesis occurs 
frequently during the cyclical repair and regeneration of 
the endometrium as well as in the ovary. Little is known 
about angiogenesis in the male reproductive tract. The 
role of VEGF in controlling reproductive tract 
physiology and the role of hormones in regulating this 
key regulator of angiogenesis is not well understood. 
Since reproductive tract physiology is largely under sex- 
steroid regulation, we have reviewed some recent studies 
describing the role of sex-steroid hormones in regulating 
VEGF. We have also included studies on the role of sex- 
steroids in regulating VEGF and angiogenesis in 
endometrial, breast and prostate pathologies. We have 
provided an extensive review of the classical VEGF and 
VEGF receptors with examples drawn from numerous 
studies in the literature using diverse biological systems 
to encourage similar studies in the area of reproductive 
tract physiology. It is speculated that such studies will 
provide insights into understanding the role of VEGF in 
reproductive tract development, causes of infertility, and 
cancer. Such knowledge would allow us to target VEGF 
for improving human reproductive tract abnormalities, 
for enhancing implantation and fertility, and for 
designing drugs for treatment of endocrine dependent 
cancers. 
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tract. However, it was not until the beginning of the 20th 
century that it became clear these changes were under 
endocrine control by ovarian hormones in females, and 
even more recently that angiogenesis plays a 
fundamental role in the normal physiology of the male 
reproductive tract. Within the last 2 decades specific 
genes that regulate vascular growth and function have 
been identified (Goldberg and Rosen, 1997), and we can 
now investigate their hormonal regulation. This is 
required to elucidate the physiological mechanisms that 
regulate changes in the endometrium throughout the 
menstrual cycle, the pronounced vascular changes that 
occur during implantation and placentation, and the 
pathophysiology of conditions such as dysfunctional 
uterine bleeding, uterine cancers, and endometriosis 
which are major women's health problems. Also it is 
becoming clear that both physiological and pathological 
mechanisms underlying angiogenesis in the male 
reproductive tract need further elucidation to understand 
the origin and expansion of male reproductive cancer 
and other abnormalities such as unexplained infertility. 
We will first present an overview of the effects of sex 
steroids on the vascular system of the uterus, and then 
more extensively discuss vascular endothelial growth 
factor (VEGF) since this gene is emerging as a key 
regulator of angiogenesis and vascular function. Next, 
we will discuss the role of VEGF in the male 
reproductive tract and we will then end with a section on 
role and regulation of VEGF in male and female 
reproductive tract cancer. 

Sex-steroids and the vasculature 

Introduction 

Since time immemorial, women and men alike have 
undoubtedly recognized that pronounced changes 
periodically occur in the vasculature of the reproductive 
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A key function of the vasculature is to provide a 
nutrient supply to the female reproductive tract, and in 
most species  3 major types of regulation occur: 
vasodilation; changes in capillary permeability; and 
growth and development of new vessels. In virtually all 
species studied, estrogens produce dramatic increases in 
uterine blood flow due to vasodilation (Spaziani, 1975). 
For example, in the castrate ewe a single injection of 1 
p g  of estradiol can increase uterine blood flow 100-fold 
within 2 hours (Killam et al., 1973). In general, uterine 
hyperemia (i.e., an increase in blood in the tissue) 




















