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Antiangiogenic therapies in endometriosis
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Oral contraceptives, androgenic agents, progestins and gonadotropin-releasing hormone analogues have all been successfully
used in the treatment of endometriosis. However, none of these drugs can eradicate the disease. It is widely accepted that the
growth of newly formed blood vessels is essential for the establishment and growth of endometriotic lesions; therefore,
inhibition of angiogenesis may offer a new option for treatment of this disorder. In this paper, we reviewed anti-vascular
endothelial growth factor agents and other angiostatic drugs (i.e., TNP470, endostatin, anginex, rapamycin) that have been
studied in laboratory and animal models of endometriosis. Although preliminary results are interesting, further investigations

are required before clinical trials can be planned in humans.
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Endometriosis is a benign, oestrogen-dependent, gynaecolo-
gical disorder characterized by the presence of endometrial
tissue (glands and stroma) outside the uterine cavity (mainly
on the pelvic peritoneum, the ovaries and in the rectova-
ginal septum). It is estimated to occur in up to 10% of
women of reproductive age (Eskenazi and Warner, 1997); it is
typically associated with infertility and pain symptoms
(including dysmenorrhoea, dyspareunia and chronic non-
menstrual pain). It is well known that endometriotic lesions
can be removed at surgery determining a significant
improvement in pain symptoms (Ford et al., 2004); however,
the disease may recur after surgical excision and patients
may not accept a second operation. In addition, some
women may desire to avoid or delay surgery preferring
medical therapy.

Currently available medical therapies are designed to
suppress oestrogen synthesis, inducing atrophy of ectopic
endometriotic implants or interrupting the cycle of stimula-
tion and bleeding. Oral contraceptive, androgenic agents,
progestins and gonadotropin-releasing hormone analogues
have all been successfully used in the treatment of endo-
metriosis. However, none of these drugs can eradicate the
disease and, in some cases, the substantial side effects limit
the long-term use of these therapies. For these reasons, new
drugs are under development (Ferrero et al., 2005).

Angiogenesis is a prerequisite for the development of
endometriosis. According to the transplantation theory
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(Sampson, 1927), shed endometrial fragments lodged in
the peritoneal cavity require the establishment of a new
blood supply for the survival of implants and the develop-
ment of the disease. In line with this hypothesis, early
endometriotic lesions are characterized by dense vasculariza-
tion (Nisolle et al., 1993), and several angiogenic factors
(such as vascular endothelial growth factor (VEGF), inter-
leukin-8, placental growth factor) have been shown to
contribute to the establishment and progression of the
disease. Assuming that the growth of newly formed blood
vessels is of pivotal importance in the development of
endometriosis, inhibition of angiogenesis seems to offer a
new option for treatment. Both anti-VEGF agents and other
angiostatic drugs have been evaluated in different laboratory
and animal models of endometriosis.

The effect of angiogenesis inhibition was initially studied
by using a model in which human endometrium was
implanted into nude mice (Hull et al., 2003). Immediately
after implantation of cultured human endometrium frag-
ments, two VEGF-A inhibitors were administered: a trun-
cated soluble inhibitory receptor (sflt-1) and an affinity-
purified antibody to human VEGF-A. Both the angiostatic
agents were effective in preventing blood vessel growth and
development of endometriotic explants in this animal
model. It was subsequently demonstrated that the trans-
plantation of human endometrium onto the chicken
chorioallantoic membrane (CAM) leads to a strong angio-
genic response and to the formation of endometriosis-like
lesions (Nap et al., 2005). Administration of angiostatic
agents (TNP470, endostatin, anginex and anti-human VEGF
antibody) significantly inhibited this angiogenic response
and reduced the formation of endometriosis-like
lesions. Furthermore, the lesions in the CAMs treated with
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angiostatic agents showed significantly more necrosis. These
findings suggest that the endometrium induces a strong
angiogenic response while implanting in the ectopic site and
this response seems to be crucial for the survival of the
lesions.

Obviously, preventing the development of new endome-
triotic lesions is not sufficient as a therapy for endometriosis.
In the clinical setting, treatment is initiated in women after
endometriosis has been diagnosed, at which point the
lesions have already been present for a period of time.
Therefore, the treatment should aim to inhibit the main-
tenance and growth of established lesions. In line with these
observations, in another study, endometriotic lesions were
allowed to form in nude mice for over 3 weeks after
transplantation of human endometrial tissue before evaluat-
ing the effect of angiostatic agents (Nap et al.,, 2004).
TNP470, endostatin, anginex and anti-human VEGF anti-
body significantly decreased microvessel density and the
number of established endometriotic lesions; in particular,
endostatin was the most effective inhibitor of microvessel
density. The effectiveness of endostatin in suppressing the
growth of endometriotic lesions was subsequently evaluated
in the mouse autograft model (Becker et al., 2005). When
endostatin was initiated immediately after surgical trans-
plantation, it inhibited the growth of surgically induced
endometriosis by approximately 50%; however, this therapy
did not determine the regression of established lesions
(Becker et al., 2005). More recently, it has been shown that
two synthetic fragments of the endostatin molecule show
inhibitory activity on the growth of endometriotic lesions
(Becker et al., 2006). The efficacy of anti-VEGF agents in the
treatment of endometriosis was confirmed in the Rhesus
monkeys autograft model (Park et al., 2004); in fact, the
administration of an immunopurified antibody blocking
VEGF receptor (anti-Flk1 antibody) determined a significant
inhibition of endometriosis explants formation.

It has recently been proved that female Syrian golden
hamsters equipped with dorsal skinfold chambers represent a
novel endometriosis model for repetitive in vivo analyses
of angiogenesis in ectopic endometrial tissue (Laschke et al.,
2005). By using this model to autotransplant autologous
endometrium, it has been demonstrated that angiogenesis
and vascularization of endometriotic lesions are significantly
downregulated by simultaneous inhibition of VEGE, fibro-
blast growth factor and platelet-derived growth factor, but
they are not reduced by antagonizing VEGF alone (Laschke
et al., 2006b).

In the current issue of the British Journal of Pharmacology,
Laschke et al. (2006a) demonstrate that the administration of
immunosuppressive doses of rapamycin significantly reduce
the size of endometriotic lesions induced in the dorsal
skinfold chambers of Syrian golden hamsters. This effect was
associated with the inhibition of VEGF-mediated angiogen-
esis as indicated by a suppression of endothelial cell
sprouting in vitro and a reduction of microvessel density in
endometriotic lesions in vivo. Moreover, rapamycin directly
inhibited cell proliferation within the endometrial tissue,
whereas manifestation of apoptotic cell death remained
unaffected. These observations are of particular interest as
rapamycin has been widely used in humans. This compound
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is currently used for the prevention of allograft rejection
following renal and other solid organ transplantation
(McAlister et al., 2001; Chueh and Kahan, 2005; Lee and
Chapman, 2005; Mota, 2005) and for incorporating into
drug-eluting stents to prevent re-stenosis following coronary
angioplasty (Kastrati et al., 2005). Experience in the trans-
planted patients suggests that long-term use of rapamycin
is safe and well tolerated.

In conclusion, the administration of antiangiogenic drugs
has been proved to reduce the establishment, maintenance
and progression of endometriotic lesions in different
laboratory and animal models; however, further investiga-
tions are required before clinical trials can be planned in
humans. In particular, it would be advisable to study the
safety and efficiency of the antiangiogenic substances in
non-human primate model of endometriosis, such as
baboons. The role of antiangiogenic compounds in the
treatment of endometriosis remains to be defined. It appears
unlikely that antiangiogenic drugs may cure the symptoms
caused by large endometriotic nodules that are mainly
composed by fibromuscular tissue (Itoga et al., 2003); on
the contrary, these agents may have a role in the post-
operative treatment of endometriosis to increase the pain-
free interval and decrease the recurrence of the disease.
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