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Others have shown that a majority of rabbit epididymal and ejaculated sperm display nat-
urally-occuring surface antibody without apparent effects on fertility. We have used im-
munoblotting techniques to demonstrate that complement C4 and C5 are present in native 
rabbit oviduct fluid (OF) at approximately 10-20% the levels found in serum, suggesting that 
complement may threaten the viability of antibody-decorated sperm. One mechanism to 
protect these sperm from complement-mediated damage was proposed by Oliphant et al. 
(Biol. Reprod. 31: 2 0 5 , 1984) in which a specific oviductal secretory component, rabbit 
sulfated oviductal glycoprotein (SOG) inhibited complement activation in vitro and possibly 
in vivo. We have utilized in vitro hemolysis and C3b deposition and immune adherence 
assays to demonstrate that: (1) whole OF and physiological concentrations of purified SOG 
inhibit the classical pathway of complement activation; (2 ) one site of SOG inhibition occurs 
at or prior to the activation of component C3 in the classical pathway; and (3 ) the alternate 
pathway of complement activation is unaffected by either whole OF or purifed SOG. Our 
results support the hypothesis that SOG can function to protect antibody-decorated sperm 
(and embryos) from classical pathway-mediated complement attack in the oviduct. We 
suggest that the alternate pathway of complement activation is not inhibited within the 
oviduct and should, as it does in other body fluids, play a role in the defense against mi
crobial invasion. 

INTRODUCTION 

Complement is a series o f plasma and 
extra-vascular proteins in higher animals 
which, when activated, can cause the lysis 
and/or phagocytosis of targeted cells, local 
inflammation, directed migration of im
mune cells, clearance of cellular and 
molecular complexes from the circulation, 
and modifications of the immune response 
(Muller-Eberhard, 1988; Ross, 1986;Frank, 
1987; 1988) . Complement activation is 
initiated via one of two different pathways. 
The classical pathway requires the participa
t ion o f an antigen: antibody complex , 
magnesium and calcium. The alternative 
activation pathway is generally independent 
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of immunoglobul in, requires magnesium, 
and is initiated by certain carbohydrate 
structures on bacteria, viruses, and other 
microbes. In the presence of appropriate 
stimuli, each pathway proceeds with the 
sequential proteolyt ic activation o f a 
distinct set o f components . The pathways 
ultimately converge, however, in the 
production of activated component C3b 
fol lowed by the assembly of the membrane 
attack complex comprised of components 
C5, C6, C7, C8 and C9. The alternative 
pathway is considered to play a prominent 
and vanguard role in the defense me
chanisms against infectious disease (Joiner 
et al., 1984) . The classical pathway pro
bably evolved after the alternative pathway 
and is chiefly associated with antibody-
mediated immune phenomena (Frank, 
1975) . 
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Complement components are most pre
valent in serum, but are also present in 
most extra-vascular fluids including the 
female reproductive tract fluids o f mam
mals (Oliphant et al, 1977; Price & 
Boettcher, 1979 ; Jones etal, 1988; Brown 
et al, 1990 ; Schumacher et al, 1965) . 
Reproductive tract complement may have 
important roles in bacteriostasis and in the 
clearance of senescent sperm from the 
reproductive tract lumen (Clark & Kleba-
noff, 1976) , and has been suggested to 
facilitate the sperm acrosome reaction, 
although the evidence for the later is bo th 
pro (Cabot & Oliphant, 1978; Suárez & 
Oliphant, 1982) and con (Bedford & 
Witkin, 1983) . The greatest emphasis in the 
literature is placed o n the relationship 
between reproductive tract complement 
and the pathological events involved in 
the autoimmune response to gametes and 
embryos. 

Spontaneous antisperm antibodies are 
well documented in many species and are 
often associated with human infertility 
(Tung, 1977; Bronson et al, 1984; Menge 
& Naz, 1988) . However, antibodies against 
sperm also exist naturally in serum and in 
reproductive tract fluids without apparent 
effects on fertility in the human (Bronson 
et al, 1 9 8 2 ; Tung et al, 1976) , mouse 
(Cohen & Werrett, 1975) , guinea pig 
(Spooner, 1 9 6 4 ; Johnson, 1968) and 
rabbit (Symons & Herbert, 1 9 7 1 ; Cohen & 
Werret, 1975) . Some of the natural an
tibodies are directed against acrosomal or 
intracellular antigens and are potentially 
relevant to the removal of moribund sperm 
from the reproductive tract (Symons , 
1967) by mechanisms which could involve 
complement (Johnson, 1968 ) . Natural 
antibodies also adhere to the cell surfaces 
of moti le cells, as is the case with ejaculat
ed and epididymal rabbit sperm (Suarez 
et al, 1981) . When exposed to serum 
complement in vitro, rabbit sperm fix 
complement via a calcium-dependent (clas
sical) pathway and undergo acrosomal loss 
(Suarez & Oliphant, 1982) or lysis (Han
cock, 1 9 7 6 ; Edwards, 1960) . Rabbit 
epididymal sperm can also bind com
plement component C3 in the absence o f 
antibody by the alternate pathway of 

activation (Witkin et al, 1983) . These 
results suggest that living sperm can be 
vulnerable to complement attack in the 
absence o f active immunizat ion, and 
point to the existence o f mechanisms to 
regulate complement activity in both the 
male and female reproductive tracts. 

Complement inhibitors have been report
ed to exist in rabbit (Suarez & Oliphant, 
1982) , mouse (Anderson & Tarter, 1982) 
and human (Tarter & Alexander, 1 9 8 4 ; 
Pedersen et al, 1980) seminal plasma. A 
complement inhibitor present in human 
serum (Kirszbaum et al, 1989; Murphy 
et al, 1989) shares significant homology 
with specific male reproductive tract se
cretions in the rat (Griswold et al, 1986; 
Sylvester et al, 1984) , sheep (Rosenoir 
et al, 1987) , and human ( J e n n e & T s c h o p p , 
1989 ; Kirszbaum et al, 1989; O'Bryan 
et al, 1990) . At least some of these se
cretory components adhere to sperm 
(Sylvester et al, 1 9 8 4 ; O'Bryan et al, 
1990) . Recently , acrosome-reacted human 
sperm were shown to display a surface 
molecule related t o membrane cofactor 
protein, a l ymphocyte plasma membrane 
receptor which binds and inactivates com
plement component C3b (Anderson et al, 
1989) . These results suggest that both 
sperm-bound and seminal fluid inhibitors 
of complement are present when sperm are 
deposited in the female. 

Factors in the female reproductive tract 
may also regulate complement activation. 
Oliphant and co-workers demonstrated that 
rabbit oviduct fluid (OF) collected by 
intraabdominal flask inhibits bo th com
plement-mediated lysis o f red b lood 
cells and immobil izat ion o f antibody-
sensitized rabbit sperm in vitro. In ad
dit ion, antibody-decorated chicken 
erythrocytes were protected from lysis 
when surgically deposited in the rabbit 
oviduct. These assays required specific 
antibody for lysis, and the oviductal factor 
or factors were thought to inhibit the 
classical pathway of complement activa
t ion. The inhibitory activity of OF was 
traced t o a specific oviductal secretion 
referred to as sulfated oviductal gly
coprotein or SOG (Oliphant etal, 1984b) . 

SOG is synthesized under the influence 
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of estrogen by the non-ciliated epithelial 
cells of the rabbit oviduct (Erickson-
Lawrence et al, 1989a, b). Maximum SOG 
concentration in OF ( 1 - 2 mg/ml) occurs 
fol lowing ovulation and coincides with 
the presence o f sperm and early embryos 
(Erickson-Lawrence et al, 1989a) . Pro
gesterone enhances SOG secretion by 
oviductal explants in vitro (Erickson-
Lawrence et al, 1989b) . SOG is greater 
than 2 0 0 kDa in native molecular weight 
(Hanscom & Oliphant, 1 9 7 6 ; Oliphant & 
Ross, 1982) , but contains a predominant 
subunit o f 71 kDa following reduction 
and SDS-PAGE (Erickson-Lawrence et al., 
1989a, b). 

The current experiments were under
taken to provide further evidence that 
complement is present in rabbit OF and 
that the classical pathway of complement 
activation is inhibited in vitro by purified 
SOG. We further hypothes ize that the 
alternative pathway of complement activa
t ion should play a role in maintaining 
bacteriostasis in the oviductal lumen and 
should, unlike the classical pathway, be 
active in the presence o f rabbit OF or 
SOG. Finally, monoclonal antibody against 
rabbit SOG was used to detect SOG-like 
molecules in the oviductal secretions o f 
the baboon and human. 

MATERIALS AND METHODS 

Materials 

The following materials were purchased: 
Sepharose 4B from Pharmacia (Uppsala, 
Sweden); gelatin, ethylenediamine te-
traacetic acid (EDTA) , ethyleneglycol-bis-
(beta-aminoethyl ether) tetraacetic acid 
(EGTA), dithiothreitol, hydrogen peroxide, 
hemolysin, and glycine from Sigma Che
mical (St. Louis, MO); barbital and MgCl 2 

from Fisher Scientific (Fair Lawn, NJ); 
nitrocellulose sheets from Schleicher and 
Schuell (Keene, NH); CaCl 2 from Mal-
linckdrodt (New York, NY) , acrylamide, 
bisacrylamide, Tris (hydroxymethyi)-ami-
nomethane from Boehringer Mannheim 
Biochemicals (Indianapolis, Indiana); di-
aminobenzidine from Aldrich Chemical 
(Milwaukee, WI); sodium dodecyl sulfate 

and ammonium persulfate from Bio-Rad 
Labs (Richmond, CA); methanol and acetic 
acid from Scientific Products (Columbia, 
MD). Peroxidase-conjugated swine anti-goat 
IgG was obtained from Tago, Inc. (Bur-
lingame, CA) and peroxidase-conjugated 
goat anti-mouse or anti-rabbit IgG was 
purchased from Hy Clone (Logan, UT). 
Antisera against complement components 
and a non-immune preparation of goat IgG 
were purchased from The Binding Site 
(San Diego, CA). The in vitro secretions of 
human (Verhage et al, 1988) and baboon 
(Verhage & Fazleabas, 1988) oviductal 
explants, as well as polyclonal antisera 
against an estradiol-dependent, 130 kDa 
baboon oviductal secretory glycoprotein 
(Verhage et al, 1989) were generously 
provided by Dr. Harold Verhage and 
co-workers (U. Illinois Medical Center, 
Department of obstetrics and Gynecology) . 
An Ascites preparation of irrelevant mo
noclonal IgG antibody was the gift of Dr. 
John Herr (University of Virginia, De
partment o f Anatomy) . 

Animals 

Sexually mature, estrous New Zealand 
white rabbits weighing 4 to 5 kg were 
used for the continuous col lect ion of OF 
and for the col lect ion of normal rabbit 
serum complement . 

Collection of Rabbit Oviduct Fluid 

The intraabdominal flask technique of 
Hamner and Williams (Hamner & Williams, 
1965) was used for the daily col lection of 
OF. The col lect ion flasks were installed 
under general anesthesia as previously 
described (Erickson-Lawrence et al, 
1989a) and females yielding clear oviduct 
fluid after 10-14 days of recuperation were 
included in this study. Approximately 
0 .7-1.0 ml of OF was obtained daily from 
each animal. OF was clarified by centrifuga-
tion ( 7 0 0 x g, 10 min, 4 ° C ) and used im
mediately or stored at —20°C. 

Isolation of SOG 

SOG was purified by affinity chroma
tography with specific monoclonal anti-
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b o d y immobilized o n Sepharose according 
to Erickson-Lawrence et al. (1989a) . One 
to two milligrams of SOG was obtained 
from approximately 10 ml of rabbit OF. 
Affinity-purified SOG was dialyzed for 
2 4 h against 0 .05 M ammonium bicar
bonate, pH 7.4, lyophylized overnight, 
and reconstituted in an appropriate buffer 
2-4 prior to use. SOG purified in this 
manner produces a single predominant 
band of 71 kDa after reduction, SDS-
PAGE, and silver staining. 

Serum Preparation 

Normal human and rabbit serum com
plement (NHSC and NRSC, respectively) 
were prepared from donor blood collected 
by venipuncture using all plastic syringes 
(Air-Tite, Inc. Virginia Beach, VA) . Serum 
was clarified from clotted blood by cen-
trifugation at 2 0 0 0 x g for 15 min and used 
immediately or stored at —70°C until 
needed. 

Western Immunoblotting 

Samples (5-25 pig) o f human serum, rabbit 
serum, rabbit OF, or primate oviductal 
explant secretions were electrophoresed 
along with molecular weight standards, 
electrotransferred to nitrocellulose and 
processed as described previously (Erickson-
Lawrence et al, 1989a; Thomas et al, 
1984) . 

Erythrocyte Collection 

Sheep and rabbit erythrocytes (E) were 
collected by venipuncture into Alsever's 
buffer (Lennek et al, 1981) . Rabbit E 
were used immediately and sheep E were 
stored for up to 30 days at 4 ° C prior to 
use. 

Hemolysis Assay, Classical Pathway 

The hemolysis assay was a microadaption 
of the method o f Lennek et al. ( 1 9 8 1 ) . 
Equal volumes o f a solution o f SOG 
( 1 , 1.4 or 1.9 mg/ml) and NHSC (dilutions 
from 1/2 to 1 /120) were mixed and in
cubated for 10 min at 3 7 ° C . Subsequently, 
20 jul of the mixture was added to 20 yi\ 
of a 1.5% suspension of washed antibody-

sensitized sheep erythrocytes (EA) (4 Jul 
hemolysin per ml, 30 min 3 7 ° C ) in gelatin 
veronal buffer (28 mM sodium barbital, 
143 mM NaCl, 0.5% gelatin, pH 7 .3 , 
GVB) plus 2 mM CaCl 2 and 8 mM MgCl 2 

in triplicate. After 30 min at 3 7 ° C , further 
complement activity was stopped by the 
addition of 2 6 0 /LII o f 8 mM EDTA in GVB, 
the reaction mixture was centrifuged at 
8 0 0 0 x g for 1 min, and the optical density 
of the supernatant was read at 4 1 3 nm. 
Total and zero hemolysis were determined 
by incubating triplicates o f EA in an 
appropriate volume of distilled water and 
in serum dilutions made in GVB-EDTA, 
respectively. 

Hemolysis Assay, Alternate Pathway 

The assay for hemolysis of rabbit eryth
rocytes b y the alternate pathway of 
complement activation was performed 
following the protocol o f Platts-Mills and 
Ishizaka ( 1 9 7 4 ) , except that the volume of 
the reaction mixture was reduced to 60 
Ml prior to the addition of EDTA. NHSC 
dilutions were pre-incubated with and 
without an equivalent volume of whole OF 
or with SOG at a final concentration of 
0 .95 mg/ml. 

Complement Fixation, Classical 
Pathway-dependent Activation of C3 

The methodology of Lennek et al. ( 1 9 8 1 ) 
was employed to examine the comple
ment-mediated binding o f 3 H - D N A : anti-
D N A antibody complexes t o human E 
( immune adherence) which requires the 
sequential activation o f components C I , 
C4, C2, and C3 of the classical pathway. 
Affinity purified SOG was examined at 
concentrations o f 0.9 and 0 .09 mg/ml to 
determine its ability to inhibit complement 
activation and immune adherence of D N A / 
antibody complexes . 

C3 Deposition Assay, Alternate Pathway-
dependent Activation of C3 

A modification of the procedure of Edberg 
and co-workers ( 1 9 8 8 ) was utilized to test 
for the alternate pathway-mediated activa
t ion of component C3. In this pathway, 
humoral Factors B, D, H, I and P substitute 
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for the classical pathway components CI , 
C4 and C2 (Muller-Eberhard, 1988) in the 
formation o f activated component C3b 
which is deposited on an appropriate solid 
phase (Sepharose 4B) . Briefly, dilutions (2 
to 10-fold) of human serum were incubated 
in the presence or absence of SOG (final 
concentration = 0.9 mg/ml) and exposed to 
Sepharose 4B in Mg-EGTA buffer for 15 
min at 3 7 ° C . The samples were placed in 
filter-bottom wells of a multiwell dish and 
washed extensively by suction filtration. 
Bound C3b was determined by probing the 
wells with 1 2 5 I - labe led Mab to C3b. 

Statistical Evaluations 

Hemolysis and adherence assay data were 
plotted as complement activity versus 
complement dilution. Individual points 
were the average o f triplicate determina
tions with variability (S.E.M.) noted by 
error bars. Control and experimental 
determinations at identical complement 
dilutions were evaluated by the signed rank 
test (Colton, 1974) . Each assay was re
peated 2-5 t imes and representative results 
are presented. 

RESULTS 

Detection of Complement Components 
in Oviduct Fluid 

Antisera directed against human com
plement components C4 and C5 reacted 
with bands on immunoblots of rabbit 
serum and oviduct fluid (Figs. 1 and 2) . 
Anti-human C4 identified the human C4 
subunits with molecular mass 93 and 71 
kDa and rabbit components at 91 and 71 
kDa. Anti-human C5 recognized the 
human C5 subunits with molecular mass 
of 115 and 7 0 kDa, as well as rabbit 
components at 115 and 91 kDa. Non
immune control sera were unreactive 
against human and rabbit material. The 
rabbit serum and oviductal antigens were 
identical in mobil i ty and similar in in
tensity when identical amounts o f protein 
were loaded o n the gels. Native oviduct 
fluid collected by intraabdominal flask, 
however, contains approximately 6-12 

C 1 2 3 

Fig. 1: Presence of complement component C4 in rabbit 
OF. 2.5 Mg of human serum (1), 10 /ig of rabbit serum 
(2), or 10 of rabbit oviduct fluid (3) were reduced, 
subjected to SDS-polyacrylamide gel electrophoresis and 
immunoblotted with goat anti-human complement C4 
or non-immune serum controls (representative in C). 
Molecular weight standards and the estimated mass of 
human and rabbit C4 subunits are indicated. 

C 1 2 3 
2 0 S -

Fig. 2: Presence of complement component C5 in rabbit 
OF. 2.5 Mg of human serum (1), 10 jUg of rabbit serum 
(2), or 10 jUg of rabbit oviduct fluid (3) were reduced, 
subjected to SDS-polyacrylamide gel electrophoresis and 
immunoblotted using goat anti-human complement C5 
or non-immune serum control (representative in C). 
Molecular weight standards and the estimated mass of 
human and rabbit C5 subunits are indicated. 

mg/ml of protein (Oliphant, 1986) or 
approximately 1/10 to 1/5 the protein 
concentration of rabbit serum. Hence, our 
immunoblots can be crudely interpreted 
to mean that oviductal complement com
ponents C4 and C5 are less abundant than 
their serum counterparts and are in a range 
of 10-20% of the serum concentration. 
These results are in keeping with a report 
in which rabbit oviductal complement 
component C3 was determined by radial im-
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munodiffusion t o be 17% of the serum 
concentration (Oliphant et al, 1977) . 

Complement-dependent Hemolysis 
via the Classical Pathway 

The lysis o f antibody-sensitized sheep 
erythrocytes in vitro was responsive to the 
dose of complement used (Fig. 3 ) , and 
was similar with b o t h rabbit and human 
sources o f complement . Hemolysis was 
reduced to background levels (generally 
10-15% of total lysis) when calcium and 
magnesium were chelated with EDTA. 
In the presence of 50% rabbit OF (Fig. 3 ) , 
complement activity was significantly sup
pressed (p < 0 .05) at complement dilu
tions of 1/33 or greater. The level o f SOG 
in these OF preparations was not de
termined directly but from previous work 
(Erickson-Lawrence et al, 1989a) , should 
be in the range o f 0 . 2 5 - 0 . 5 mg/ml after 
dilution with complement . Affinity purifed 
SOG was reconstituted in assay buffers 
and incubated with complement at 0 .5 , 
0.7 and 0.95 mg/ml. While there was some 
variability in the potency o f the various 
SOG preparations, significant inhibition 
was noted with 0 .95 mg/ml of SOG at all 
complement dilutions (Fig. 4 ) , lesser 
inhibition at 0.7 mg/ml (Fig. 5) and no 
inhibition at 0.5 mg/ml (data not shown) . 
Similar concentration dependency was 
noted by Oliphant using SOG purifed by 
gel filtration and ion exchange chromato
graphy in a hemolyt ic assay with guinea pig 
complement (Oliphant et al., 1984b) . 
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Fig. 3: Complement-dependent hemolysis via classical 
pathway in the presence or absence of 50% rabbit oviduct 
fluid. Hemolysis was absent when cations were chelated 
with EDTA, in the absence of complement (1/INF) or 
when non-antibody sensitized erythrocytes were exposed 
to complement (not shown). 
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Fig. 4: Complement-dependent hemolysis via classical 
pathway in the presence of 0.95 mg/ml of affinity pu
rified SOG or control buffer. 
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Fig. 5: Complement-dependent hemolysis via classical 
pathway in the presence of 0.7 mg/ml of affinity purified 
SOG or control buffer. 

Complement-dependent Hemolysis 
via the Alternate Pathway 

The classic assay of Platts-Mills and co
workers ( 1 9 7 4 ) assesses the alternate 
pathway-dependent hemolysis o f rabbit 
erythrocytes in the presence of Mg-EGTA 
which precludes the activation of the clas
sical pathway. Dilutions of human com
plement in MgEGTA gave a dose response 
o f hemolysis as anticipated (Fig. 6 ) . Assays 
in EDTA, which chelates b o t h calcium 
and magnesium, abrogated all hemolysis 
due to inhibition of both the classical and 
alternate pathways. Affinity purifed SOG 
(0.95 mg/ml) had no inhibitory effect in 
this assay (Fig. 6) , nor did whole rabbit OF 
(data not shown). 

Classical Pathway-mediated Activation 
of C3; Complement Fixation 

Radiolabeled antigen: antibody complexes 
were opsonized with NHSC to allow 
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Fig. 6: Complement-dependent hemolysis via the al
ternate pathway in the presence or absence of 0.95 
mg/ml affinity purified SOG. Hemolysis was suppressed 
in the presence of EDTA, but was unaffected by SOG or 
by rabbit OF (not shown). 

covalent incorporation o f C3b and these 
immune complexes (IC) then bound to 
erythrocytes via the C3b receptor (Lennek 
et al., 1981) . More than 80% of the IC 
were cell bound in the presence of NHSC 
dilutions from 1/2 to 1/50 (Fig. 7 ) . A 
negative control of radiolabeled antigen 
and non- immune antibody reduced bound 
IC to background levels (data not shown) , 
indicating the need for the antigen: an
t ibody complex to activate the classical 
pathway. In the presence o f 0 .9 mg/ml of 
affinity purified SOG, complement-mediat
ed immune adherence was inhibited by 
43% and 99% at complement dilutions o f 
1/10 and 1 /50 , respectively (Fig. 7) . 
These results indicate that at least one 
site o f SOG inhibition occurs within the 
classical pathway at or prior to the activa
t ion of component C3. 
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Fig. 7: Classical pathway-mediated activation of C3 was 
measured by the binding of 3H-labeled antigen: antibody 
complexes to human erythrocytes in the presence or 
absence of 0.95 mg/ml of affinity purified SOG. Binding 
was reduced to background levels « 10% bound, not 
shown) when antigen :antibody complexes failed to 
form in the presence of control non-immune antibody. 

Alternate Pathway-mediated Activation 
and Adherence of C3 

The activation of the alternate pathway is 
stimulated by carbohydrate structures par
ticular to certain microorganisms (Muller-
Eberhard, 1988 ; Joiner et al, 1984) . 
Sepharose 4B effectively mimics these 
structures and serves as a convenient solid 
phase for the covalent incorporation o f 
activated C3b (Edberg et al, 1988) . The 
reaction is limited to the alternate pathway 
in the presence of M g 2 + and the absence of 
C a 2 + (chelation with EGTA). Three di
lutions of human serum complement 
resulted in C3b binding to the beads which 
was unaffected by the presence of 0.9 
mg/ml o f SOG (Fig. 8 ) . 
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Fig. 8: Alternate pathway-mediated activation of C3 
was assessed by the deposition of activated C3b on 
Sepharose beads in the presence or absence of 0.9 mg/ml 
of affinity purified SOG. C3b deposition was unaffected 
by SOG but was suppressed in the presence of EGTA to 
chelate magnesium (not shown). 

Identification ofSOG-like Molecules 
in Primate Oviductal Secretions 

Conditioned media from rabbit, human, 
and baboon oviductal explant cultures 
were probed on Western blots with Mab 
specific for rabbit SOG (Erickson-Lawrence 
et al, 1989a) and with an irrelevant IgG 
(Fig. 9 ) . Anti-SOG Mab identified a 71 kDa 
band in b o t h rabbit OF and rabbit ovi
ductal explant culture medium, in agree
ment with earlier studies (Oliphant & Ross, 
1 9 8 2 ; Erickson-Lawrence et al, 1989a) . In 
addition, Mab 2 (but not Mab 1 or 3 , not 
shown) identified bands in the oviductal 
explant culture media of the human at 125 
and 145 kDa and o f the baboon at 133 
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kDa. The recognized bands appear to 
correspond to the estradiol-dependent, 
oviduct-specific secretory glycoproteins 
characterized by Verhage and co-workers 
for b o t h human (Verhage et al, 1988) 
and baboon (Verhage et al, 1988) . Fur
thermore, antiserum directed against the 
baboon 130 kDa moiety (Verhage et al, 
1989) crossreacts, as expected, with the 
71 kDa subunit of SOG in immunoblots of 
rabbit OF or purified rabbit SOG (data not 
shown) . 

+ Rab Hum Bab 

*ímm. WfâmÊmÊÊm 
Fig. 9: Immunoblot analysis of anti-iabbit SOG mo
noclonal antibody against rabbit (rab), human (hum), 
and baboon (bab) oviductal explant culture medium. 
Controls included irrelevant antibody ( - ) and 5 Hi of 
rabbit oviduct fluid collected by intraabdominal flask (+). 
The estimated Mr of identified bands are: rabbit, 71,000; 
human, 125,000 and 145,000; and baboon, 133,000. 

DISCUSSION 

The microenvironment for mammalian fer
tilization and early embryo development is 
OF, which is derived from serum transuda
tion and from oviduct-specific secretion 
(Hamner, 1973) . Oviductal secretions are 
probably important for embryonic de
velopment , since embryos develop better 
in vitro when co-cultured with oviductal 
epithelial cells than wi th cells o f non-
oviductal origin (Gandolfi & Moor, 1 9 8 7 ; 

White et al, 1 9 8 9 ; Rexroad & Powell , 
1988; Whittingham, 1973 ) . Unique com
ponents elaborated by the oviduct have 
been described in the rabbit (Oliphant 
et al, 1978; Oliphant, 1976) , hamster 
(Robataille et al, 1988; Oikawa et al, 
1988) , baboon (Verhage & Fazleabas, 
1988; Verhage et al, 1989) , human 
(Verhage et al, 1988) , pig (Hedrick et al, 
1987; Brown & Cheng, 1986) , sheep 
(Sutton et al, 1984) , and mouse (Kapur & 
Johnson, 1985 , 1988 ) . Verhage and co
workers have utilized a c D N A to a 130 
kDa baboon oviductal glycoprotein to 
demonstrate the presence o f a related 
m R N A in Northern blots of human, 
rabbit, hamster, and mouse oviducts 
(see Chapter by Verhage et al). At the 
protein level, the glycoproteins encoded 
by this baboon gene and the apparent 
human homologue were recognized in 
the current immunoblott ing experiments 
using Mab specific for rabbit SOG against 
baboon and human oviduct explant culture 
media. In addition, antiserum against 
the baboon 130 kDa oviductal glyco
protein recognizes rabbit SOG on im
munoblots . These results suggest that 
rabbit SOG belongs to a gene family 
which is conserved in the oviducts of 
several mammalian species, and that this 
secretory glycoprotein is of some im
portance in oviductal physiology. 

Mammalian sperm and embryos display 
antigens to which .antibodies are directed 
in both sexes, in bo th pathological and 
non-pathological circumstances. It is the 
latter instance to which we would like to 
draw attention. We discussed earlier the 
existence of naturally-occurring, com
plement-fixing anti-sperm antibodies in the 
blood sera and reproductive tract fluids 
o f a number of species showing fertility. 
Spontaneous antisperm antibodies are also 
present on the sperm cell surface of rabbit 
sperm in native reproductive tract fluids, 
also without apparent effects on fertility. 
One can ask why antibody-coated sperm 
are not attacked by complement? Three 
hypotheses may be offered and include: 
(I) the antibody associated with the sperm 
is not able to activate complement; (II) 
the antibody-sensitized sperm do not 
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encounter complement in vivo; or (III) 
there is complement within the re
productive tract milieu but that it is 
inhibited. 

Regarding the first hypothesis , the 
natural antibody bound to rabbit sperm 
appears to include the IgG and/or IgM 
classes due to Protein-A recognition (Sua-
rez et al, 1981) , and the bound IgG was 
estimated by radioimmune assay at 1 0 6 

molecules per spermatozoon (Suarez & 
Oliphant, 1982) . This level of antibody is 
sufficient to stimulate complement-mediat
ed lysis o f erythrocytes (Humphrey & 
Dourmashkin, 1965) . Sperm from normal 
rabbits can fix complement by the clas
sical pathway (Suarez & Oliphant, 1982) 
and are immobil ized when exposed to 
native, but not heat inactivated h o m o 
logous serum complement (Hancock, 1 9 7 6 ; 
Edwards, 1 9 6 0 ; Chang, 1947) , thus sug
gesting that these natural antibodies pose a 
significant risk for sperm when exposed to 
active complement . Alternatively, the na
tural immunoglobulin coating of rabbit or 
other mammalian sperm could serve as 
protective or blocking antibodies to shield 
privileged cells such as sperm from immune 
attack (Tung, 1977) . 

Complement is present in maximal 
concentrations in the b lood, but is also 
found in almost every extravascular fluid in 
some amount as a result o f transudation 
and/or local production (Frank, 1975 , 
1987) . Despite this, there is little evidence 
to suggest that complement is present 
within the male reproductive tract lumenal 
environment, except perhaps in the rete 
testis (Johnson & Setchell, 1968) . It is 
possible that tight junctional complexes 
restrict the transepithelial migration o f 
complement into the testicular and epi-
didymal lumina. In contrast, sperm do 
encounter complement within the female 
reproductive tract. Lytic complement acti
vity has been reported in the cervical 
mucus environment o f humans (Price & 
Boettcher, 1979) . In the uterine environ
ment , bioactive complement component 
C5 has been identified in the rabbit (Jones 
et al, 1988) , and the rat and human 
uterine epithelia have been shown to 
secrete component C3 (Brown et al, 1 9 9 0 ; 

Isaacson et al, 1990) . In rabbit OF, com
plement component C3 was previously 
identified using double diffusion (Oliphant 
et al, 1977) and in the present work, 
components C4 and C5 were also identified 
by immunoblott ing o f whole OF. Attempts 
to demonstrate complete complement 
bioactivity (hemolyt ic activity) in rabbit 
OF collected b y the flask method de
monstrated nonexistent or very low levels 
o f activity (Oliphant et al, 1977; Cabot & 
Oliphant, 1978) . This is not surprising 
given the endogenous complement inhibit
ing activity of OF (see be low) . Taken 
together, these results suggest that com
plement is present within the female 
reproductive tract milieu and that, in the 
absence of complement inhibiting factors, 
antibody-coated sperm or embryos would 
be vulnerable to complement-mediated 
attack. 

The third hypothesis suggests that one 
method o f protecting sperm from the 
deleterious effects o f surface antibody is 
to inhibit the complement-mediated lysis 
o f antibody-decorated cells. We reviewed 
earlier the evidence for distinct inhibitors 
o f complement activation originating in 
male reproductive tract fluids and on 
spermatozoa and it is possible that these 
factors serve t o regulate complement in 
the female reproductive tract. Oliphant 
and co-workers were the first to show that 
maternal factors could also inhibit com
plement activation (guinea pig) in vitro 
and that this may contribute to the im
mune privileged condit ion o f sperm and 
embryos (Oliphant et al, 1984b; Oliphant, 
1986) . Using an antibody-dependent 
hemolysis assay, the present study has 
demonstrated that OF and SOG inhibit 
rabbit and human serum complement , 
as would be expected due to the highly 
conserved nature o f the complement 
system in higher animals. SOG inhibition 
o f the classical activation pathway was 
observed at a concentration of 0.95 mg/ml, 
which is in the middle of the range of SOG 
concentrations observed in whole oviduct 
fluid following ovulation (Erickson-Law
rence et al, 1989a) . Complement inhibi
t ion was reduced at lesser concentrations 
o f SOG and was absent at 0.5 mg/ml . 
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Fifty percent whole OF collected from 
estrous females, with endogenous SOG of 
approximately 0.25-0.5 mg/ml, displayed 
significant inhibition in the hemolysis 
assay, suggesting that additional com
plement inhibitors are present in OF or 
that some loss of inhibitory activity is as
sociated with the isolation and reconstitu-
t ion of affinity purified SOG. We favor the 
latter explanation since complement inhi
biting activity was rapidly lost from af
finity purified SOG following certain 
denaturing condit ions such as bubbling, 
freezing, or extended refrigeration (data 
not shown) . 

Purified SOG inhibited classical pathway-
mediated hemolysis at serum complement 
dilutions as high as 1/4. The level of 
complement activity is not known in the 
rabbit oviduct but is undoubtedly less 
than the level in serum. Complement 
component C3 was determined in rabbit 
OF by immunodiffusion to be approximate
ly 115 o f the serum level (Oliphant et al., 
1977) , and serum macromolecules in 
general were found in OF at 5-10% 
of serum concentrations (Iritani, 1969) . In 
the present immunoblott ing experiments, 
crude estimates of the levels of components 
C4 and C5 in rabbit oviduct fluid also fell 
in this range. Hence, the concentrations of 
serum complement which were inhibited in 
vitro are in a range which is physiologically 
relevant t o the levels which are likely 
present in OF. 

In contrast to the inhibitory effects of 
SOG o n the classical pathway, neither 
SOG nor OF displayed inhibition of the 
alternative pathway in an in vitro hemolysis 
assay. This suggested that the site of SOG 
inhibition was not among the activation 
steps which are shared by the two path
ways (C5 through C9). The activation of 
C5 is through the activity of a C5 con-
vertase. In the alternate pathway, Factors 
B, D, H, I and P and component C3 initiate 
and amplify the events which lead to the 
formation of the C5 convertase (Muller-
Eberhard, 1988) . In the classical pathway, 
the convertase is derived from the activa
t ion o f components C l , C4 and C3 , 
(Hourcade et al., 1989) and it is this 
sequence which we suggest to be affected 

by SOG. In order t o test this hypothesis , 
we assessed the activation o f the first four 
components of the classical pathway in an 
immune adherence assay (requiring activat
ed C3b) in the presence or absence o f 
SOG. As predicted, 0.9 mg/ml o f SOG 
inhibited the complement-mediated adhe
rence of antigen: antibody complexes to 
erythrocytes, strengthening the hypothesis 
that the site of SOG-mediated inhibition 
involves one or more o f the first four 
activation steps of the classical pathway. 
Also as predicted, SOG did not effect the 
early steps of the alternate pathway as
sayed b y the covalent incorporation of 
C3b into Sephadex beads. 

There are numerous inhibitors o f the 
early steps o f complement activation which 
either prevent the activation or accelerate 
the degradation of specific complement 
components (Reid, 1986; Muller-Eberhard, 
1988 ; Hourcade et al., 1989). In the clas
sical pathway, one family of inhibitors is 
focused on the steps which activate com
ponents C4 or C3 and have in c o m m o n a 
6 0 amino acid repeat in primary structure 
(Muller-Eberhard, 1 9 8 8 ; Hourcade et al, 
1989) . This family includes Factor H, C4-
binding protein, decay accelerating factor, 
membrane cofactor protein, and the C3 
receptors present o n some blood cells (CR1 
and CR2) . Several inhibitors o f component 
CI have also been identified and cha
racterized (Muller-Eberhard, 1988 ; Lopez-
Trascasa et al, 1989) . It is not known 
whether SOG is related t o one o f the 
known complement inhibitors or is a unique 
regulator of complement activation. 
Efforts to elucidate the structure o f SOG 
and the biochemical mechanisms involved 
in SOG-mediated complement inhibition 
are ongoing in our laboratory. 

The alternative pathway o f complement 
activation is thought to function as a first 
line o f defense against microbial invasion 
in essentially all vascular and extravascular 
fluids (Frank, 1987; Joiner et al, 1984) . 
We hypothesize that this would likely also 
be the case in the female reproductive tract, 
where infect ion can lead to scarring, 
occlusion and subfertility or sterility 
(Svensson et al, 1983) . This seems especial
ly likely in view o f the bacterial and viral 
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components which accompany the mam
malian ejaculate upon deposit ion in either 
the vagina or, in some species, the uterus. 
These microbial e lements could invade the 
oviduct b y diffusion, b y adherence t o 
ascending sperm, or by the mechanisms 
which transport sperm to the site o f ferti
lization. An element of proof that the 
alternate pathway o f complement plays a 
role in reproductive tract bacteriostasis 
would be t o demonstrate the functional 
activity o f this pathway in native re
productive tract fluids. Our attempts to 
do this with rabbit OF have been thwarted 
by the lengthy period ( 2 4 hours) during 
which the needed volume o f OF collects in 
the flask. In this t ime frame, any com
plement activity present would likely 
autoactivate or degrade to very low levels 
due to the labile nature of some com
ponents such as C3 (Harrison & Lachman, 
1980) . In an alternative approach, we have 
shown that neither rabbit OF nor purified 
SOG are inhibitors of alternate pathway 
activity in vitro, using hemolyt ic and C3b 
deposit ion assays. Hence, our findings 
support the hypothesis that the OF environ
ment inhibits the classical pathway of 
complement activation but does not 
inhibit the alternative pathway. 
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