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Snmmary--ElucldaUng the secrets of intraovanan intercellular commumcat~on consUtutes a 
central area of invesUgation While most attention has been &rected thus far at the somatic 
cellular components of the ovary, the potentml role(s) and relaUve importance of the resident 
ovanan whRe blood cell have received relatively lmuted attentmn Efforts are currently under 
way to reconcile tradmonal ovarian physmlogy with observatmns relevant to mtraovanan 
components of the white blood cell series In th~s connection, ~t is Important to note that unhke 
some gonadal compartments, the ovary does not constitute an immunolog]cally pnwleged site 
Thus, resldent ovarlan representatlves of the whRe blood cell series can be observed at various 
stages of the ovanan hfe cycle Current concepts suggest that regulatory cellular networks 
formerly vlewed in immune terms now fall vothm the broad domain of endocnnology 
Viewed m thls hght, resldent ovarlan representatives of the whRe blood cell senes may 
constRute potentml m sttu modulators of ovarian functlon acting m all hkehhood through 
the local secretlon of regulatory cytokmes As the flow of mformaUon is probably multl 
&rectlonal, the very same cells are probably targeted for steroldal and pepUderglc input m 
keeping votb the exlstence of multlple autocrme and paracnne loops 

Unhke some gonadal compartments (e g the 
testlcular sennnlferous tubule), the ovary does 
not constitute an lnlnlunolog~cally pnwleged 
me Thus, resident ovarian 0 e extravascular) 
mononuclear phagocytes (nlacrophages), lynl- 
phocytes and polymorphonuclear granulocytes 
can be observed at various stages of the ovarian 
hfe cycle For example, nlacrophages (Fig 1), 
but not other representatives of the white 
blood cell series, are now known to consUtute 
a major cellular component of the lnterstmal 
(Le. mteffolhcular) ovanan compartnlent[1] 
In part, these nlacrophages are present within 
the ovarian stronla near penfolhcular capil- 
laries [2] Unfortunately, httle is known at tins 
time as regards this apparently permanent 
0 e non-cychc) presence The above notwith- 
standing, it is temptnlg to speculate that nlter- 
stitlal macrophages could exert paracnne effects 
at the level of adjacent somatic ovarian cells 
with winch they have been observed to estabhsh 
physical contact [1], perhaps through adhesion- 
promoting receptors [3] 

With the exception of nlacrophage, few ff 
any other winte blood cells have been observed 
m the early phases of folhcular development 
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However, this status quo ]s precipitously altered 
as preovulatory events (or atresla) prompt 
mass~ve ovarian mfiltraUon by several represen- 
tatives of the white blood cell series [4]. Paving 
the way are mast cells [5-10] the relaUve rep- 
resentaUon of wbach increases progressively 
dunng the latter portion of the folhcular phase, 
an invasion culrmnated w~th their degranulation 
m response to the proestrous LH surge [11] The 
resultant follicular hyperemia [12-16], coupled 
voth chemotactic slgnalhng[17, 18] appear to 
not only play a critical role m subsequent 
luteal funcUon [19] but also herald an orderly 
sequence of events reminiscent of an acute 
inflammatory response [20] The folhcular hy- 
perem~a observed appears to be tmtiated by 
instamme[21-25] and propagated by prosta- 
glandm (E~) Both agents cause vasoddataUon 
and enhanced capillary/venule permeabdlty by 
relaxing vascular smooth muscle The released 
histamine was found without effect on bovine 
luteal steroidogenem[26] winle stimulating 
murme folhcular progesterone accumulation 
[27] However, the precise slgmficance of th~s 
latter observatmn remmns uncertain 

Next to amve are eosmophds and T lympho- 
cytes winch nugrate into the corpus luteum [28]. 
Interestingly, oxane corpora lutea have been 
shown to secrete a specific chemoattractant for 
eoslnopinls [18, 29] the preose nature of winch 
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has not been ldent/fied However, Increased 
numbers of eosmophfls have been observed in 
corpora lutea of sheep treated w~th a luteolytlc 
dose of prostaglandm F2~ (PGF2~) [29] Conceiv- 
ably then, the chemoattractant could be PGF2~- 
inducible[20] Interestmgly, infiltration and 
subsequent degranulatlon of these cells has been 
reported to occur before evidence of either 
functional or structural luteal regress/on [29] 
It has therefore been suggested that cytotoxlns 
released by eosmophlls could injure luteal cells, 
cause physical changes m membranes, and/or 
actwate degradation of mRNA, thereby result- 
mg m luteal demls [28] Moreover, unmasking 
of cellular antigens by removal of slahc acid 
residues and/or exposure by a change m the 
physical state of the cellular membrane could 
lead to an antlbody-medmted reaction mvolv- 
mg complement, cellular destruction, and 
phagocytosls [28] 

Actwated T cells are known to produce 
lymphokmes that attract and actwate mono- 
cytes/macrophages Accordingly, T lymphocyte 
are followed m short sequence by phagocyUc 
monocytes w~th ultrastructural, hlstochem~cal, 
and functional features lndlstmgmshable from 
those of observed m other body sites [30] These 
attributes include intense stmmng for non- 
specific esterase activity, phagocytos~s of IgG- 
coated red blood cells wa an Fc receptor, in- 
gestion of latex beads, and trypsin-resistance (as 
assessed by adherence to the surface of culture 
dishes) Furthermore, ovarmn macrophages 
have been shown to specifically brad to their 
surface a monoclonal antibody against a plasma 
membrane protein of mononuclear phagocytes 
Macrophages w~thm the perlcapfllary spaces 
represent, m all hkehhood, the dark stellate "K" 
cells that have been scattered among the granu- 
losa cells m hght macrophages [31] In this con- 
nectxon, it appears worthy of note that 
co-cultures of ovarian macrophages and luteal 
cells were seen to make discrete cell-cell con- 
tacts [30] This m v t t r o  phenomenon may m fact 
be analogous to the relationship observed t n -  

v w o  wherein macrophages have been observed 
to send out processes contacting several adja- 
cent luteal cells raising the posslbdlty of cell-cell 
slgnalhng [32] Yet other, phagocytlcally-actlve 
macrophages, highly represented m older (re- 
gressing) but not young corpora lutea, appear to 
be involved in heterophagy of structurally- 
damaged luteal cells resultmg from the struc- 
tural disintegration of the corpus luteum [33] 
As the corpus luteum matures, these macro- 

phages are characterized by the presence of 
many electron-dense lysosomal granules and 
phagocytoUc granules of variable configuraUon 
and structure throughout their cytoplasm [34] 
Of note, the invasion of macrophages and T 
lymphocytes into the corpus luteum is delayed 
by pregnancy and thus is not strictly a function 
of age of the corpus luteum Indeed, only a few 
macrophages and T lymphocytes were observed 
in rabbit corpora lutea on day 19 of pregnancy 
whereas the numbers of these cells were 6- to 
8-fold higher in corpora lutea on day 19 of 
pseudopregnancy By the day of parturmon, 
however, macrophages do begin to mfiltrate the 
corpora lutea of pregnancy [35] 

Although macrophages have been observed 
as a prominent cell type within the corpus 
luteum of several species [31-42], httle attenUon 
has been gwen to the properties and role of 
these cells The only role previously considered 
has been heterophagy of damaged luteal cells 
That resident macrophages may function as 
potential m s t t u  regulators of ovarmn function 
has been suggested, at least m part, by the 
finding of numerous macrophages m regressing 
corpora luteum whde only a few were observed 
m their young counterparts Moreover, regress- 
mg (but not young) corpora lutea readily 
produced tumor necrosis factor ~ (TNF~t) 
[35, 43] m response to in  v t t r o  stlmulaUon with 
hpopolysacchande (LPS) The latter antigen is 
the cell-wall component of gram-negative bac- 
teria wh/ch ~s a potent stimulus for TNF pro- 
duct~on by macrophages Although the 
mechamsm(s) whereby macrophages influence 
ovarmn funct/on (rather than structure) remain 
uncertain, it ~s generally presumed that local 
paracnne secretion of regulatory molecule(s) 
(1 e cytokmes) may be at play 

The potential relevance of macrophages be- 
comes immediately ev/dent when consideration 
is being gwen to their ability to elaborate several 
growth factors previously lmphcated as putaUve 
mtraovarmn regulators [44, 45] Indeed, non- 
cytokme secretory products of the macrophage 
such as bas/c fibroblast growth factor [46-61], 
transforming growth factor (TGF)~ [47,51, 
52, 55, 59-68], and TGF/?I [69-82] have been 
shown to exert profound modulatory effects 
on the growth and functional development of 
the ovarmn granulosa/luteal cell More recently 
however, increasing attention has been paid to 
the potentml role of macrophage-generated 
cytoklnes the relevance of which to ovarian 
physiology is the subject of current lnvestlgaUon 
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Interleukln-1 (IL-1), a polypeptlde cytokme 
(previously referred to as lymphocyte acti- 
vating factor) predominantly produced and 
secreted by activated macrophages, has been 
shown to possess a wide range of  biological 
functions as well as to play a role as an 
immune mediator [83-85] At the level of  the 
ovary, IL-1 has recently been observed to 
suppress the functional and morphological 
lutelmzatlon of  cultured munne and porcine 
granulosa cells[86-91] Exerted at "physio- 
logic" (10-gM) concentrations, IL-1 action 
could not be attributed to altered cell viability 
Rather, the antl-gonadotroplc actwlty of  IL-I 
appeared to involve site(s) of action both 
proximal and distal to cAMP generation 
According to Fukuoka et  a l  [90] the ablhty 
of  IL-I to lnh~bit granulosa cell differentiation 
is strongly (and if fact inversely) associated 
with its ability to promote granulosa cell 
growth Indeed, non-dividing fully differen- 
tiated highly lutemlzed granulosa cells no longer 
appear to respond to IL-1 Accordingly, it has 
been suggested that the effects of IL-1 at the 
level of  the granulosa cell may depend on 
the prohferatwe status of  this cell type More 
recent work by Kasson and Gorospe[91] 
sheds additional light on the ovarian relevance 
of mterleukms Indeed, both IL-I~t and -113 
augmented the FSH-stimulated accumulation 
of  20~-dlhydroprogesterone In all cases, less 
IL-lfl than -1~ was required to produce a com- 
parable affect IL-2 slightly, but significantly, 
enhanced both FSH-stlmulated progesterone 
and 20~-dihydroprogesterone productmn but 
had no effect on FSH-stlmulated estrogen pro- 
ductlon of  LH/hCG receptor induction IL-3 
potentiated the 200t-dlhydroprogesterone re- 
sponse to FSH by up to 65% but had no effect 
on FSH-sUmulated progesterone or estrogen 
production or LH/hCG receptor induction 
More recent preliminary studies (Hurwitz and 
Adashl, unpublished) suggest that the theca- 
lnterstmal cell may also be a site of IL-1 (but 
not IL-2) reception and action 

Interestingly, the circulating levels of  IL-1 
have been observed to be elevated during the 
luteal (but not preovulatory) phase of  normally 
cychng women [92] The possible role of  pro- 
gesterone in this regard is supported by the 
observation that IL-1 activaty in human pelvic 
macrophages is subject to hormonal regulation 
by gonadal steroids [93] Specifically, low con- 
centrations of progesterone appear to upregu- 
late macrophage IL-1 gene expression [94] In 

contrast, tugher concentrations of  progesterone 
significantly inhibit IL-1 activity [94] 

Although the relevance of  IL-1 to ovarian 
physiology remains a matter of  study, it is 
tempting to speculate that IL-1 could poss- 
ibly be the elusive lntraovanan lutemtzation- 
inhibitor, the putative suppressor of  premature 
follicular lutemlzaUon Such speculation 
appears particularly intriguing in light of  the 
apparent progesterone-dependence of  IL-1 gene 
expression[94] While much remains to be 
learned on the mtraovanan cellular ongan of  
IL-1, resident interstitial ovarian macrophages 
could well be a site of  hormonally-regulated 
IL-1 gene expression given the reported gonado- 
tropm-dependence of their testlcular counter- 
parts [95-97] IL-1 could also be produced by 
ovarian cell(s) proper as has been shown for 
various other specialized cell types [85] Interest- 
lngly, significant amounts of IL-l-hke activity 
have been detected in human follicular 
fluid [98, 99] 

While the rudimentary nature of current ob- 
servations is clearly apparent, there is every 
reason to believe that continued mvestigatmn 
will provide new and meaningful insight rel- 
evant to the understanding of  the complex 
interactions between the various cellular com- 
ponents of the ovary Now that the necessary 
tools are available, addmonal efforts m this area 
are to be anttopated If  progress to date is an 
indication, odds are that the next decade will 
reveal the resident ovarian white blood cell and 
its cytokme messengers to play major roles 
throughout the ovarian life cycle 
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