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Objective: To review the literature on the role of autoimmunity in the etiology of endometriosis, compare the
similarities in the pathophysiologies between endometriosis and autoimmune diseases, and discuss the use
immunomodulators currently used to treat autoimmune diseases as potential therapies for endometriosis.

Design: The literature on endometriosis and other autoimmune diseases was reviewed, and summary data ¢
presented.

Results: Endometriosis shares many similarities with autoimmune diseases such as rheumatoid arthritis
Crohn’s disease, and psoriasis. These similarities include elevated levels of cytokines, decreased ce
apoptosis, and T- and B-cell abnormalities. Because the use of immunomodulators and inflammator:
modulators has proven to be an effective means of medical management for these autoimmune diseas
similar therapies may prove useful in treating endometriosis.

Conclusion(s): Although substantial evidence indicates that endometriosis at least shares many similarities
with autoimmune diseases, endometriosis is primarily treated by using compounds that induce a hypoestr
genic environment. A review of the literature combined with the shortcomings of current means of medical
management for endometriosis support the postulate that treatment of endometriosis with immunomodulato
and inflammatory modulators is warranted. (Fertil S&eB001;76:223-31. ©2001 by American Society for
Reproductive Medicine.)
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THE PATHOPHYSIOLOGY OF
ENDOMETRIOSIS

coming: the fact that nearly all women of re-

productive age exhibit some degree of retro-
. grade menstruation (9, 10). As such, one would
Immunological Factors postulate that there must be some other factor

Endometriosis is a disease that occurs in : )
. : . or factors that allow for this retrogradely dis-
menstruating females and is characterized by

such symptoms as pelvic pain dysmenorrheaplaced endometrial tissue to develop into ec-

and infertility. Although nearly three quarters Z?elz(;r:gzyer;s |ri1torr]12/5abp;cgrt_:02uof t:setse?j\/\t/ﬁzr;egl'l
of a century have passed since the initial de- Y 99

- o women actuall velop “endometriosis” t
scription of endometriosis (1), our current un- omen actually develop “endometriosis” to

derstanding of the etiology and pathophysiol- some exterr]]t.,b(-atven bet't m|croscop|f (dll)._tﬁotrr?e
ogy of the disease still remains unclear. Since'Vomen exnibit Symptoms associated wi €

its first description in 1927, several different disease, such as pelvic pain, which eventually,

hypotheses have been put forth that attempt t(}hrough diagnostic laparoscopy, lead to the di-

explain the mechanisms for the development of2dn0sis Of the disease. In contrast, other
this disease. Of these, it is Sampson’s (1) the-omen who display no symptoms may go un-

ory of retrograde menstruation that has gameddiagnosed until endometriosis is detected only

the most supportive evidence. The presence irflue to pelvic surgery for other medical reasons.
the peritoneal fluid of viable endometrial tissue Regard|ESS, if all women have endometrio-

(2—4) that is capable of growth (5-7) and the sjs to some degree (microscopic, minimal, se-
anatomical distribution of endometriotic im- yere) or if only a portion of all women who

plants (8) support this theory. have reverse menstruation actually develop the
However, this theory has one major short- disease, the question still remains as to what

223



allows for the development (in the latter case) or progressiomage of NK cells in women with the disease may be decreased
(in the former case) of the disease. Numerous investigator®3), increased (16), or unchanged (20). It is interesting to
have suggested that there is an association between thete that the reduced number of NK cells in women with
presence of endometriosis and an altered immune systerandometriosis can be restored after GnRH agonist (GnRH-a)
The theory of an altered immune system and endometriosigseatment (23), which may be due to a direct effect of
suggests that changes in cell-mediated immunity and/or husnRH-a or which may be indirect, via the lowering of serum
moral immunity may contribute to the development of theestradiol levels. The direct effect may be manifested at the

disease. level of control of soluble peritoneal factors. Both peritoneal
] ) ) o fluid and sera from women with endometriosis have been
Cell-mediated immunity and endometriosis shown to reduce NK cell activity (24, 25). The constituents

. . . . .of the fluids responsible for this suppression have been
Changes in cell-mediated immunity have been reported in .
hypothesized to be products of monocytes or macrophages.

women with endometriosis, but data are inconsistent. lrM
. o oo . . onocyte and macrophage products are known modulators
women with endometriosis, a reduction in proliferation of f both immune and nonimmune cells. and these cells and

peripheral blood lymphocytes in response to recognition of, - . . R
. ) heir products have been an intense area of investigation in
endometrial antigen and cells has been reported (12, 13

Similarly, a decreased destruction of endometrial cells hashe pathophysiology of endometriosis.

been suggested because the cytotoxic effect of peripheral For example, both peripheral monocytes (26) and perito-
blood lymphocytes against autologous endometrial cells igieal macrophages (27-30) are altered in women with endo-
decreased in women with endometriosis (13). Badaway anthetriosis. Zeller and colleagues (26) noted that although the
colleagues (14) reported that the ratio of T-helper to T-percentage of peripheral monocytes in women with endome-
suppressor cells is increased in the peripheral blood oftiosis does not differ from that in women without the
women with endometriosis, but conflicting studies (13, 15)disease, the activational status of these monocytes is in-
have also indicated no marked differences in periphera¢reased in women with the disease. Peritoneal macrophages,
lymphocyte profiles. In addition, increases in the T-helper toon the other hand, have been shown to be increased in total
T-suppressor ratio and concentration of both cells respedqiumber, concentration, and activational status (27-31).

tively have been reported in peritoneal fluid (16, 17) and = aggqciated with the increase in the activational status of
endometriotic tissue (compared with eutopic endometriumipe macrophage is an increase in the release of their prod-
(18) in women with endometriosis. Yet, in a separate study,cts such as growth factors and cytokines. Indeed, the role
no significant differences in the T-helper to T-suppressoiy peritoneal fluid cytokines and growth factors in the patho-

ratio could be detected between eutopic endometrium fro“&hysiology of endometriosis has been an intense area of

women with and without endometriosis. In all, there appeaiestigation over the past 20 years. The postulated role of

to be inconsistencies in the alterations in T-cells and theif, g macrophage products include stimulation of endome-
role in the pathophysiology of endometriosis (19). Many Ofyja| cell proliferation (32, 33) and implantation of endome-
these inconsistencies may stem from differences amongiq| celis or tissue (34), increased tissue remodeling through
studies with respect to the methodology used for T-celkggyjation of matrix metalloproteinases (35), and increased
assessment and patient population variability. angiogenesis of the ectopic endometrial tissue (36). As such,
Natural killer (NK) cells have also been shown to be activated macrophages, through the liberation of cytokines
altered in women with endometriosis, and those data as and growth factors, could potentially contribute to the early
whole appear to be more consistent. Natural killer cells, agstablishment as well as the progression of the disease at
their name implies, are large granular lymphocytes that killseveral foci.
cells bearing undefined target molecules and opsonized cells ) ) ) o
coated with antibody. Both peripheral and peritoneal NKHumoral-mediated immunity and endometriosis
cells from women with endometriosis display decreased
cytotoxicity to autologous and heterologous endometriumSid
compared with those of controls (20, 21), and peritoneal NKar

cell cytotoxicity has been to be shown to be inversely €05t autoantibodies in women with endometriosis. In 1980,

_relgted with the more severe stages qf the disease (22.)' Th“ﬁva independent reports suggested that an abnormal antigen-
it is postulated that the dgcregse In NKcytotoxicity to antibody reaction might occur in women with endometriosis:
retrqgradely sheq e_ndomet_na_l tissue may allow fqr the ®Sstartseva (37) detected increased B-cell function in women
tablishment of this tissue within the peritoneal cavity. with endometriosis (as well as with adenomyosis), whereas
Although the general consensus is that there is a decrea¥éeed and Arquembourg (38) found that women with endo-
in NK cytotoxicity, there are discrepancies in the percentagenetriosis had decreased C3 and G deposition in the endo-
or number of these cells in women with endometriosis.metrium and a corresponding reduction in the serum total
Separate studies have suggested that the number or percedmplement levels. Immunoglobin G and IgA autoantibod-

In addition to alterations in cell-mediated immunity, con-
erable evidence has been gathered that indicates that there
e alterations in B-cell activity and an increased incidence

224 Nothnick Endometriosis and autoimmunity Vol. 76, No. 2, August 2001



Common characteristics between autoimmune diseases

and endometriosis.

Tissue damage

Polyclonal B lymphocyte activation
T-lymphocyte immunological abnormalities
B-lymphocyte immunological abnormalities
Associated autoimmune diseases
Preponderance of females

Multiorgan involvement

Familial occurrence

Possible environmental factors

Possible genetic basis

Altered apoptosis

endometriosis is an autoimmune disease, this disease does share
characteristics with common autoimmune diseases such as
rheumatoid arthritis (RA), Crohn’s disease, and psoriasis. Some
of the recurring pathophysiologies with endometriosis and these
autoimmune diseases are increased inflammation, elevated lev-
els of tissue-remodeling components, altered apoptosis, and
increased local and/or systemic levels of cytokines.

An increase in peritoneal inflammation, as evidenced by
elevated peritoneal fluid cytokine levels, is well established
in women with endometriosis (reviewed in Oral et al. [(51)]).
Although it is uncertain whether the elevated cytokines levels or
inflammation are causes for or results of the disease, it is clear
that these cytokines may have profound effects that can lead to
the establishment and further progression of the disease. For

example, cytokines can stimulate endometrial cell adhesion to
peritoneal mesothelial cell monolayers in vitro (34), as well as
to specific extracellular matrix proteins (52).

ies against endometrial and ovarian tissue in sera, vaginal, The role of adhesion molecules in the establishment of the
and cervical secretions in women with endometriosis haV%aﬂy deve|opmenta| Stages of endometriosis is just becom-
also been detected (39). In addition, autoantibodies of I9Ging apparent (53, 54) and appears to play a very important
IgM, and IgA isotypes directed against cell-derived antigensole in the initial stages of endometriosis development. Once
such as phospholipids and histones has been reported (4@e endometrial cells and tissue adhere to the peritoneum or
More recent studies (41, 42), however, question the presenggher pelvic surfaces with which they come into contact, the
of these autoantibodies and have even found Varying degree@xt proposed Step in the deve|0pment/progressi0n of endo-
of correlation between the severity of endometriosis andnetriosis involves the invasion of the underlying tissue-cell
autoantibodies, ranging from positive (43) to negative (44) tayer. Both in vitro (55) and in vivo (56, 57) studies indicate
no relationship at all (45-47). that endometriosis is an invasive disease.

Nothnick. Endometriosis and autoimmunity. Fertil Steril 2001.

The Role of Autoimmunity One of the major groups of proteases postulated to play an

If there is an increase in the frequency of autoantibodies, onenportant role in these invasive processes and hence the
might suspect that endometriosis may be an autoimmune digtiology and pathophysiology of endometriosis is the matrix
ease. This theory was first introduced by Gleicher and colmetalloproteinases (MMPs). Matrix metalloproteinases are
leagues (40), and strong evidence would indicate that endomeroduced by endometriotic tissue (58, 59), and eutopic en-
triosis fulfills most of the classification criteria of an dometrial tissue from women with endometriosis expresses
autoimmune disease (Table 1). Like classical autoimmune dielevated MMP activity compared with endometrium from
eases, endometriosis has been associated with polyclonal B-celbmen free of the disease (Nothnick WB, unpublished obser-
activation, immunological abnormalities in T- and B-cell func- vations). Further evidence supporting the role of MMPs in the
tions, increased apoptosis, tissue damage, multiorgan involvestablishment of endometriosis comes from the work of Bruner
ment, familial occurrence, possible genetic basis, involvemerdnd colleagues (60), who injected human endometrial tissue
of environmental cofactors, female preponderance, and asso@ito nude mice. In that study, it was demonstrated that MMP
ation with other autoimmune diseases. Endometriosis is assexpression by the human endometrial tissue paralleled the abil-
ciated with recurrent pregnancy loss and infertility (48), whichity of this tissue to develop into ectopic lesions. If MMP
might be explained by the presence of autoantibody abnormaéxpression and activity was blocked by either progesterone
ities. Further evidence for a role of autoimmunity or autoanti-treatment of the tissue before injection or if the tissue was
bodies in the infertility associated with endometriosis comesnjected into the mice concurrently with the MMP inhibitor,
from studies that have shown that treatment with Danazol (49YIMP-1, the development of endometriosis was blocked.

or GnRH analogues (50) suppresses the levels of autoantibodies pp,oiher important similarity between endometriosis and
associated with endometriosis. These data can be interpreteddg:simmune diseases is the deregulation of the apoptotic

suggest that abnormal autoantibodies may play a role in the,,cess Abnormalities in apoptosis have been postulated to
infertility associated with endometriosis. play a role in autoimmune diseases by allowing either for the
However, for a disease to be truly autoimmune in nature, ipersistence of auto-reactive lymphocytes and/or the involve-
should be manifested in normal animals after adaptive transfenent of so-called death receptors and/or their ligands in
of immunoglobulin from the blood or affected tissues of sub-tissue destruction (reviewed in O’Reilly and Strasser [(61)]).
jects with the autoimmune disease. To date, no such studiés short, the inability of cells to transmit a “death” signal or
have been performed. Although it remains uncertain whethethe ability of cells to avoid cell death is associated with
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several autoimmune diseases. It is intriguing that with re
spect to endometriosis, several studies have demonstrat
th.at endometrial cell; from eutoplc .(and ectopic) endorm:"TDotential sites of inhibitory action of medical therapies on
trium from women with endometriosis have altered apoptogngometriotic lesion growth. Current medical therapies for

tic mechanisms (62—64). endometriosis include steroidal analogues (such as Danazol)

. . s . nd GnRH analogues, both of which suppress pituitary go-
Itis further postulated that this alteration in apoptosis therﬁadotropin release. These agents induce a hypoestrogenic

allows the retrogradely shed endometrial tissue {0 “escapestate by suppressing gonadotropin (FSH) release, which in
cell death. As such, in women with endometriosis, thatturn leads to suppressed production of the female steroid
portion of the menstrual effluent that is transported retro-estradiol. Because estradiol stimulates endometriotic implant
gradely through the fallopian tubes and into the peritoneagroWth, reduced estradiol production leads to a suppression
of endometriotic tissue proliferation (depicted in pathway 7).

cavity contains a population of cells that are more V'abIeMore recent evidence suggests that these agents may also

(ie., Ies_s likely to und_ergo apoptosis) and more apt tQyfect endometriotic lesion growth by directly suppressing
develop into ectopic lesions. proliferation of both eutopic and ectopic endometrial tissue

: : : pathway 2) as well as by suppressing cytokine/growth factor
The_ exact mechan!sms responsible for. this altered.ap. elease from cells of the immune system (pathway 3) that are
ptosis in endometrial tissue from women with endometriosis;iso postulated to stimulate endometriotic implant growth.
are unknown. It has been demonstrated that this alteredls such, the mechanisms by which current therapies sup-
pattern of cell death can be “reversed” by GnRH analoguepress endometriotic implant growth may operate at the level
therapy, suggesting that this peptide may play a role in th&€f the hypothalamic-pituitary axis, the eutopic and ectopic
Py 99 9 bep y play endometrial tissue, the cells of the immune system, or a

normal turnover of endometrial cells during the course of they |- . 2.0 o o ihree pathways.
menstrual cycle (62).

One cytokine that has gained recent attention in the patho-
physiology of autoimmune diseases is tumor necrosis fac-
tor-a (TNF-a). Tumor necrosis factod-is a major product
of activated macrophages. It activates inflammatory leuko-
cytes as well as leads to the production of other proinflam-
matory cytokines, such as interleukin-1 (IL-1), IL-6, and
additional TNFe (65). Because TNF is proposed to play
an important role in autoimmune diseases, it is not surprising
that new treatments for diseases such as RA, Crohn’s diSgndometriotic
ease, and psoriasis have become available (reviewed in [nimplants
fante and Lahita [(66)]). It is also evident that TNFmay

play an important role in the pathophysiology of endometri- . 2=,
osis. Numerous studies have demonstrated that &Nfels P i
are elevated in the peritoneal fluid of patients with endome- Cytokines,

Growth factors

triosis [reviewed in Oral et al. (51)].

Tumor necrosis faCtOﬂ. can stimulate e_ndomemal cell Nothnick. Endometriosis and autoimmunity. Fertil Steril 2001.
adhesion as well as induce MMP expression (67—69), both
of which are necessary events in the initial development o

the disease. As such, would the targeting of TalBe a Iarge endometriomas>2—-3 cm), anatomic distortion of the

logical starting point in the development of novel treatments_pe“’:C strucFu-res, Ior adhebsllvg d|sea?e|. Methods OL slurgery
for endometriosis? The following paragraphs discuss thénvl0 ve eIXCISIOH, aser ablation, or ugura‘uop V,V't Ov‘t’)'
current treatments for endometriosis and how the applicatio?{o tage electrocautery. However, as endometriosis may be a

of autoimmune disease treatment modalities, specifically armgtr)(ljscopgchdlsefase, not all egdometrlot(ljcblmplants ma);] be
ti-TNF-« therapies, might be beneficial for the treatment ofVISible and therefore may not be removed by surgery. T us,
endometriosis. medical treatment that can induce a generalized suppression

of the disease may be necessary.

TREATING ENDOMETRIOSIS AS AN Current medical modalities for endometriosis include es-
AUTOIMMUNE DISEASE trogen-progesterone combinations, progestogens, anti-pro-
gestigens, danazol, and GnRH-a (reviewed in Moghissi

Current Treatments for Endometriosis [(70)]). Although primarily considered to act at the level of

Current treatment modalities of endometriosis may behe hypothalamic-pituitary axis, the mechanisms by which
classified as either medical or surgical and, in some casethese agents prevent endometriotic implant growth action
both medical and surgical treatment may be combined. Sumay actually be at multiple levels (Fig. 1). Both steroidal and
gical treatment is usually used in cases of severe diseas€nRH-a therapies induce a decrease in gonadotropin release
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and subsequent suppression of ovarian steroidogenesis. Theuld induce a regression of the disease and its associated
suppression of ovarian steroids and the induction of a hysymptoms but would not have the detrimental effects asso-
poestrogenic state is then thought to be the primary mechaiated with a hypoestrogenic state (such as bone loss). Be-
nism by which these modalities suppress endometriotic imeause it is well established that endometriosis is a disease
plant growth. However, progesterone is a potentassociated with immune or inflammatory disorders, immu-
immunosuppressive agent capable of blocking both cytokineomodulatory drugs may be viable candidates for use in the
release and action (35, 71, 72). treatment of endometriosis.

Similarly, both danazol (73-75) and GnRH analoguesThe Use of Anti-TNF Therapies
(76, 77) have been postulated to perhaps act at the level of Although the management of endometriosis today is al-
immune cells which may in turn lead to the suppression ofmost exclusively accomplished through the use of GnRH-a
cytokine levels. Cytokines and growth factors derived fromand steroidogenic compounds, the use of immunomodula-
peritoneal immune cells have been implicated as factors thabry agents to treat endometriosis-associated infertility and
may regulate endometriotic implant growth (78). GnRH suppress endometriotic implant growth has been suggested
peptide and receptors in both eutopic endometrium (79, 80)88-92). In 1991, Steinleitner and colleagues (88) were the
and endometriotic tissue (81) suggest that GnRH-a mafirst to demonstrate that treatment of endometriosis-associ-
exert antiproliferative affects on endometrial tissue as wellated infertility could be reversed in hamsters with surgically
Borroni and colleagues (81) have demonstrated that thinduced endometriosis. Furthermore, the use of pentoxifyl-
GnRH agonist leuprolide acetate can inhibit endometriotidine to treat endometriosis-associated infertility in humans
cell proliferation. Thus, it is uncertain whether current ther-has been reported (89). Although their results were not
apies elicit their inhibitory effect on endometriotic implant statistically significant, Balasch and colleagues (89) reported
growth at the level of the pituitary-ovarian axis by inhibiting nearly a doubling (31% vs. 18.5%) of pregnancy rates in
the subsequent production of estradiol, on the cells of thgvomen with endometriosis treated with pentoxifylline ver-
immune system by inhibiting cytokine release, on the endosus placebo. However, these findings were obtained using a
metrial tissue itself, or at all three levels. small study population that the authors recognized as limit-

Although GnRH-a are one of the most common medicaln9 t_heir study (89). The authors also stressed that larger,
therapies to treat endometriosis, their use is associated wiffulticénter trials may be warranted to adequately address
some disadvantages and side effects. Treatment of endomg® effect of pentoxifylline on endometriosis-associated in-
triosis with GnRH agonists is limited to 6 months because of€tlity in humans (89).
possible adverse effects on bone metabolism (reviewed in Lastly, pentoxifylline has been successfully used to re-
Adashi [(82)]), as well as other consequences of the hyduce endometriotic implant growth in an animal model (90).
poestrogenic state which ensues from their use. This adver§eéis regression occurred independently of steroid action;
effect on bone density can be overcome by hormone addzirculating estradiol and progesterone levels were unaffected
back therapy (83), but add-back therapy may reduce thby pentoxifylline administration. This is a potentially excit-
efficacy of GnRH-a (83). In addition, it is very well estab- ing finding because these data may be interpreted to suggest
lished that use of GnRH-a is associated with physical sideéhat pentoxifylline is capable of inducing regression of en-
effects such as vasomotor instability, headache, and hatometriotic tissue without inducing a hypoestrogenic state.
flashes (84, 85), as well as psychiatric side effects, whiclLastly, both Evers (91) and Gleicher (92) stressed that be-
include depressive mood symptoms (86, 87). cause current treatment modalities may not be ideal and may
e ineffective to some extent, the design of new experimen-
%I treatment approaches toward endometriosis that are based
p immunomodulation may be warranted.

In all, it may seem counterproductive on one hand to us
GnRH-a to suppress steroid production to reduce the disea
and the disease-associated symptoms while on the oth8
hand adding back the steroids to overcome the detrimental In summary, both animal and human studies indicate that
effects of their absence. Additionally, one must consider thgentoxifylline may be beneficial in the treatment of endo-
variability in therapeutic efficacy of the different brands of metriosis-associated infertility or in treatment of the disease
GnRH-a (for instance, Leuprolide, Nafarelin, Buserelin, Go-itself (i.e., growth of the endometriotic implants). As it
serelin), coupled with the different doses, durations, andippears that pentoxifylline can induce regression of ectopic
forms of the added-back steroids. For the most part, currerendometrial tissue without inducing an estrogen deficiency,
data suggest that GnRH-a therapy coupled with steroid addentoxifylline may be an exciting alternative to conven-
back provides effective suppression of endometriosis antional, steroid-suppressing GnRH analogues.
endometriosis-associated symptoms (such as pelvic pairp
while protecting against detrimental effects of GnRH-a such
as bone loss. One can only wonder, though, in this day and Pentoxifylline (also know as Trental [Aventis Pharmaceu-
age of medicine, why more specific treatments for endometicals; Bridgewater, NJ]) is a methylxanthine that acts as a
triosis have not been developed. Ideally, such a treatmemthosphodiesterase inhibitor. Pentoxifylline has been used for

entoxifylline
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over 20 years in the treatment of peripheral vasculaturdinding (99.5% is bound to serum albumin). A77-1726
disease, cerebrovascular disease, and many other conditiosisows no drug interactions with oral contraceptives or oral
that involve defective regional microcirculation (reviewed in hypoglycemic medications but may weakly displace certain
Ward and Clissold [(93)]). By increasing intracellular cyclic nonsteroidal anti-inflammatory agents.

adenosine monophosphate levels in platelets, polymorpho- Leflunomide is administered as a loading dose of a single

nuclear leukocytes, aqd monocytes, pento.xifyllilje increasefoo_mg tablet for 3 days, followed by daily doses of 20 mg.
red blood cell deformity, reduces blood viscosity, and de-gjqq effects or adverse reactions are minimal and include

creases the potential for platelet aggregation and thrombl{?ﬁarrhea, alopecia, rash, and elevated liver enzymes, primar-
formation. The drug is generally well tolerated and shows nq,

e ; alanine amino transferase and aspartate amino trans-
significantly greater complaints or adverse effects comparefgrase_ The elevation of liver enzymes is reversible upon
with placebo. Pentoxifylline does not appear to have anYjiscontinuation of the therapy.
significant interactions with other drugs, such as antihyper-
tensive drugs, beta blockers, digitalis, diuretics, antidiabeti&tanercept

agents, and antiarrhythmics. - ) ] )
More specific anticytokine therapies have also been de-

There have been reports of bleeding and/or prolongegeloped to treat rheumatoid arthritis. Etanercept (Enbrel;
prothrombin time in patients treated with pentoxifylline with anyfactured by Immunex, Seattle, WA and marketed by
and without anticoagulants or platelet aggregation inhibitorsyymunex and Wyeth-Ayerst Laboratories, St. Davids, PA) is
but no causal relationship has been established. Patients whopotein that competes with the endogenous TNF receptor
ar_e.currently taking warfarin, as WeII. as theophylline—cor_1—fOr TNF ligand [reviewed in Jarvis and Faulds (99)]. Com-
taining drugs, should be closely monitored for prothrombinposed of the extracellular ligand-binding portion of the TNF
times and theophyll!ne toxicity, re.spect|velly. Pentoxifylline receptor linked to the Fc portion of the human IgG1, etan-
is commonly administered orally in sustained-release formprcept binds specifically with TNF, therefore inhibiting the
(400-mg capsule) two to three times daily. Itis interesting topinding of ligand and receptor and the biological effects of
note that in the studies in which pentoxifylline was used tothjs |igand-receptor coupling (such as inflammation and cy-
treat endometriosis or endometriosis-associated infertilityjokine production). The maximum plasma concentration
the administered doses were below those commonly preschieved in patients receiving 25 mg of etanercept is approx-
scribed for circulatory disorders, yet substantial effects wergmately 1.2 mg/L, with the average time to achieve this level
noted. being about 3 days.

In addition to being used to treat vascular disease, pen- Etanercept is suspected to be eliminated from the body by
toxifylline use has also been suggested for the treatment afe reticuloendothelial system of the liver or spleen, with an
RA (94) and irritable bowel disease (95), both of which areestimated terminal half-life of 20 hours in rodent studies.
diseases associated with elevated levels of cytokines such #he recommended dose of etanercept is 25 mg, given twice
TNF-a. Pentoxifylline reduces both the production and ac-weekly as a subcutaneous injection. The most commonly
tion of cytokines such as TNE-through the elevation of reported side effects include allergic reactions or injection
intracellular cyclic AMP levels and subsequent down-regu-site reactions, non—upper and upper respiratory tract infec-
lation of cytokine production and action (96, 97). tions, and headaches, all of which were mild to moderate and
not severe enough to discontinue therapy. No interactions
between etanercept and other drugs have been reported.
In the last 3 years, additional “anti-TN& compounds Because TNFRx modulates cellular immune responses, the

have gained Food and Drug Administration approval for theP0SSiPility exists that anti-TNfe therapies may affect host
use in treatment of autoimmune diseases such as RA [r@_efense_ against infections an_d malignancies, and necessary
viewed in Fox et al. (98)]. Leflunomide (Arava; Aventis Precautions should be taken into account.

Pharmaceuticals) is an isoxazole derivative that was initia”ﬁnfliximab

derived from anti-inflammatory drug development based on

its ability to prevent proliferation of mitogen-stimulated Infliximab (Remicade; Centocor, Inc., Malvern, PA),
lymphocytes, control autoimmune diseases in rodent modelsyhich is currently approved for the treatment of both RA and
and prolong tissue graft survival. Leflunomide elicits its Crohn’s disease, is a chimeric monoclonal antibody that
antiproliferative effect by inhibiting de novo pyrimidine binds to both soluble and membrane forms of Tfnd
synthesis and elicits its antiproliferative effects through itsneutralizes its biological effects [reviewed in Markham and
major active metabolite, A77-1726. Nearly 100% of the drugLamb (100)]. Additionally, infliximab has also been shown

is absorbed from the intestinal tract, with rapid nonenzy-to reduce serum levels of inflammatory mediators, decrease
matic conversion to A77-1726 in both the intestinal mucosakynovial tissue chemokine expression, and decrease lympho-
and plasma. The plasma half-life of leflunomide (A77-1726)cyte migration into the joints of patients with RA. Pharma-

is 15 days and may be attributed to strong serum proteigokinetic data on infliximab are limited, but data pertaining

Leflunomide
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to patients with RA who also received methotrexate are 2.
available. In these studies, the median serum concentrations;.
in patients receiving the standard dosage regime of inflix-
imab at 3 mg/kg at weeks 0, 2, and 6 and every 8 weeks 4.
thereafter was 1.5 mg/L at week 30 (which was 8 weeks after 5.
the last dose). It has been reported that serum levetslof
mg/dL of infliximab are required to elicit clinical responses.
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Fertil Steril 1986;46:796—800.

Keettel WC, Stein RJ. The viability of cast-off menstrual endome-
trium. Am J Obstet Gynecol 1951;61:440-2.

Munagyer G, Willemsen WNP, Rolland R, Vermer HM. Cell with
mucous membrane of the female genital tract in culture: a comparative
study with regard to the histogenesis of endometriosis. In Vitro Cell
Dev Biol 1987;23:111-7.

6. Telinde RW, Scott RB. Experimental endometriosis. Am J Obstet

Adverse events associated with infliximab include upper
respiratory tract infections, headache, nausea, sinusitis, rash,”
and cough. Because infliximab is administered intrave- 8.
nously, it is not surprising that infusion-related reactions
have been reported as well. Additionally, the development of
antibodies to infliximab as well as the development of anti-
nuclear antibodies and antibodies to double-stranded DNA
have been reported. The frequency of the development of
anti-infliximab antibodies appears to be inversely related to
the dosage of infliximab administered. Concurrent treatment

with methotrexate appears to reduce the development ofi2.

these antibodies and is often prescribed in conjunction with
infliximab therapy. The estimated proportion of those pa-

tients who receive infliximab who may develop antibodies to 14-

the drug is 10%, and the clinical significance of these anti-
bodies is presently unknown.

CONCLUSIONS

Endometriosis is an intriguing disease whose pathophys-
iology still remains unclear. Great strides have been made in
recent years to better understand the potential factors an
mechanisms that contribute to the development and progres-
sion of the disease. There is overwhelming evidence that
immune factors such as cytokines may be involved in the
pathophysiology and etiology of the disease. We are now

just beginning to understand how these immune factors may,q.

participate in the development of the disease at the level of
the endometrium, peritoneum, and peritoneal cavity.

Although the debate will continue as to whether endome-
triosis is truly an autoimmune disease, currently available
data strongly suggest that there are at least some very im*
portant similarities between endometriosis and such autoim-
mune diseases as RA, Crohn’s disease, and psoriasis. The,
most central of these similarities is the elevated levels of
cytokines such as TNE-and the pathologic events mani-
fested by their enhanced production. Although the current
medical treatment regimens appear to be sufficient, there i
definitely room for improvement with respect to the desire to
avoid those adverse and unpleasant side effects associat
with the hypoestrogenic environment generated by the cur-
rent GnRH-a therapies. The use of anti-TNFherapies for

treatment of autoimmune diseases appears to hold promise7.

As such, it may be warranted for similar therapies to be 28
extended to the treatment of endometriosis.
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