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Immunosuppressive properties of human follicular fluid 
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Human preovulatory follicular fluids (FF) obtained in the course of stimulated cycles 
were analyzed for their possible immunologic functions. Different concentrations of FF 
(20%, 2%, 1 %) inhibited the mitogenic response of normal human lymphocytes to conca­
navalin A (Con A). Lymphocytes were assessed for immunosuppressor activity after pre­
incubation with FF. Lymphocyte mitogenic response to Con A was only suppressed by 
cells pre incubated with FF at concentrations of 2% and 1 % for at least 48 hours. No 
evidence of suppressor cell induction was seen following incubation of lymphocytes with 
20% FF, nor was any significant relationship between FF immunosuppressor activity and 
the outcome of in vitro fertilization observed. We conclude that some factor(s) in FF may 
be capable of directly inhibiting lymphocyte response and inducing immunosuppressor 
cell activity in vitro. Fertil Steril53:271, 1990 

Various studies have suggested a relationship be­
tween the immune system and ovarian physiol­
ogy,t-7 and many components of follicular fluids 
(FF), e.g., steroids, prostaglandins, histamine, have 
demonstrated immunoregulatory effects in vitro 
and in vivo.8- 11 

The purpose of the present study was to eluci­
date the possible immunologic functions of FF. 
The effects of FF, obtained from women undergo­
ing laparoscopic oocyte harvesting for in vitro fer­
tilization (IVF), were studied on lymphocyte prolif­
erative response to concanavalin A (Con A). The 
results indicate that FF inhibits the mitogenic re­
sponse of lymphocytes to Con A, and furthermore 
induces immunosuppressor cells in vitro. 

Received February 9, 1989; revised and accepted September 
26,1989. 

* Servicio Anitlisis Clinicos. 
t Unidad de Reproduccion Humana, Departamento de Ob­

stetricia y Ginecologia. 
:j: Reprint requests: Ramon Molina, Unidad de Reproduccion 

Humana, Departamento de Obstetricia y Ginecologla, Centro 
Materno Infantil, Ciudad Sanitaria Virgen de las Nieves, Avda 
de la Constitucion, 18014 Granada, Spain. 

Vol. 53, No.2, February 1990 

MATERIALS AND METHODS 

Nine samples of nonbloody FF were obtained by 
aspiration during laparoscopy from four normal 
menstruating women with tubal infertility, treated 
with ovarian stimulation in an IVF program.12 At 
the same time serum was obtained from these 
women. Midcycle nonpregnant serum was used as 
a control. The FF and serum were stored at -20°C 
until testing. On the day of study, FF and serum 
were inactivated by heating at 56°C for 30 minutes. 

Induction of multiple ovulation for IVF, moni­
toring technique, ovum pickup, and laboratory pro­
cedures were as described previously.12,13 Oocytes 
were graded as mature, intermediate, or immature 
according to oocyte maturity and the degree of ex­
pansion of the corona-cumulus complex.14 

Preparation of Lymphocytes 

Lymphocytes were obtained from heparinized 
venous blood from normal women by Ficoll-Hy­
paque gradient sedimentation. After washing, the 
cells were diluted to a concentration of 106 cells/mL 
in Roswell Park Memorial Institute (RPMI) 1640 
medium (Gibco, Grand Island, NY) supplemented 
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with 10% fetal calf serum (Flow Laboratories, 
Irvine, UK) and antibiotics. 

Viability of Lymphocytes 

The viability of lymphocytes cocultured with FF 
was usually >90% as assessed by eosin exclusion.15 

Lymphocyte Proliferative Response 

Aliquots of 0.2 mL ofthe lymphocyte suspension 
were incubated in triplicate in microtiter plates 
with Con A (1 ,ug/mL; Sigma Chemical Co., St. 
Louis, MO) and FF (20%, 2%, 1%) for 3 days in a 
humidified atmosphere of 5% CO2 and 95% air. For 
the last 24 hours of incubation 1 ,uCi of 3H-thymi­
dine (specific activity 1 Ci/mmol; Amersham In­
ternational, Amersham, UK) was added to each 
well. Proliferation was assessed by the incorpora­
tion of 3H-thymidine as measured in a liquid 
scintillation counter and expressed in counts per 
minute (cpm) ± standard deviation (SD). Percent 
suppression compared with control cultures (lym­
phocytes + Con A but without FF) was calculated 
according to the formula: 

/0 uppreSSlOn = 1 - . 0/ S . ( -=-cp~==--ml=' n=-=-cu=l=tu-==-re=s~w--=-:it..:::h:...:F=-F=-) 
cpm ill control cultures 

X 100 

Preincubation of Lymphocytes 

One milliliter of the lymphocyte suspension was 
incubated in plastic tubes for varying time inter­
vals (0, 24, 48, 72 hours) with one of the following: 
(1) 20 ,ug/mL Con A (a dose found to be optimal for 
generating suppressor cells16); (2) control serum at 
concentrations of 20%, 2%, and 1 % (vol/vol); (3) 
serum from women undergoing laparoscopic oocyte 
harvesting for IVF (20%, 2%, 1%); (4) FF (20%, 
2%,1%); or (5) alone (control cells). After cultur­
ing, the cells were washed three times with 30 mM 
a-methyl mannoside (Sigma Chemical Co., St. 
Louis, MO), and subsequently treated with 50 ,ug/mL 
of mitomycin (Sigma Chemical Co., St. Louis, MO) 
for 30 minutes at 37°C, washed three times and sus­
pended in culture medium at a concentration of 106 

cells/mL. 

Assay for Suppressor Activity of 
Cells Preincubated 

Fresh responder lymphocytes to be used in the 
assay cultures were obtained from the same normal 
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Table 1 Effect of FF on Lymphocyte Proliferation 
Response to Con A (1 Mg/mL) 

FF 
concentration 

vol/vol 

NoFFadded 
20% 

2% 
1% 

3H -Thymidine incorporation 

cpm O 

31,462 ± 17,975 
17,473 ± 14,420 
15,510 ± 7,524 
18,988 ± 18,668 

Percent 
suppression b 

53.1 ± 17.7 
45.2 ± 18.0 
44.5 ± 28.8 

o Lymphocyte proliferative response expressed as mean in­
corporation of 3H -thymidine in counts per minute ± SD. Values 
obtained from nine different FF. 

b Percentage suppression was calculated as described in the 
Materials and Methods section (mean ± SD). 

individuals who had originally provided the prein­
cubated cells. Lymphocytes used as responder cells 
were prepared exactly as described above and sus­
pended in RPMI -1640 culture medium at a concen­
tration of 106 cells/mL. A 0.1 mL aliquot of re­
sponder cells was then mixed with an equal volume 
of cells pre incubated on microtest plates. Immedi­
ately after mixing the cells, Con A (1 ,ug/mL) was 
added to each of the wells. The cultures were then 
incubated for 3 days, at the end of which prolifera­
tion was assessed as described above. Percentage 
suppression as compared with control cultures 
(fresh lymphocytes + Con A + lymphocytes prein­
cubated alone) was calculated according to the for­
mula: % suppression = [1 - (cpm of cultures con­
taining lymphocytes preincubated with different 
substances (Con A, serum or FF)/cpm of control 
cultures)] X 100. Statistical significance was veri­
fied with Student's t-test or by one-way analysis of 
varlance. 

RESULTS 

The lymphocyte proliferative response to Con A 
was inhibited by the addition of FF at concentra­
tions of 20%,2%, and 1 % (Table 1). Lymphocytes 
were assessed for suppressor activity 0, 24, 48, and 
72 hours after preincubation with FF. Lymphocyte 
mitogenic response to Con A was only suppressed 
by cells pre incubated with FF at concentrations of 
2% or 1 % for at least 48 hours (P < 0.05). However, 
lymphocytes incubated with FF at a final concen­
tration of 20% for different time intervals had no 
effect on this response (Table 2). 

As can be seen in Table 3, lymphocyte prolifera-
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Table 2 Percentage Suppression of Lymphocyte Proliferative Response to Con A (1 peg/mL) 
by Lymphocyte Preincubated for Different Time Intervals With FF 

FF concentrations used 
in preincubation 

vol/vol 

20% 
2% 
1% 

o 

4.5 ± 2.5 a 

2.5 ± 2.8 
4.8 ± 3.6 

a Results are expressed as mean of percentage suppression of 
lymphocyte proliferation response to Con A ± SD (four FF). 
The percentage of suppression was calculated as described in 

tive response to mitogens was unaffected by lym­
phocytes incubated for 48 hours with different con­
centrations of midcycle nonpregnant serum (con­
trol serum) or serum from women undergoing 
laparoscopic oocyte harvesting for IVF. Concanav­
alin A-induced suppressor cells were used as a posi­
tive control for suppression. 

All FF were obtained from follicles that con­
tained a mature oocyte. Similar percentage sup­
pressions oflymphocyte mitogenic response to Con 
A were observed with FF from follicles of which the 
ova were eventually fertilized versus not fertilized 
(Table 4). 

DISCUSSION 

Human FF obtained from stimulated cycles 
showed marked suppression of the unrelated adult 
lymphocyte response to Con A, implying that FF 
contains factors able to depress cell-mediated im­
mune response. These observations are in agree­
ment with those of Van Vlasselaer and Vande­
putte1 on the immunosuppressor effect of superna­
tants from rat ovarian cell cultures. 

The immunosuppressive action of FF was not 

Hours of preincubation 

24 

9.3 ± 5.1 
6.7 ± 4.9 
7.7 ± 5.0 

48 

6.5 ± 3.5 
28.0 ± 4.1 b 

27.5 ± 7.4 b 

the Materials and Methods section. 
b p < 0.05; versus 0 hours of preincubation. 

72 

4.1 ± 4.3 
22.5 ± 5.6 b 

25.3 ± 5.1 b 

due to cytotoxicity, since cell survival was not 
affected. One possible explanation for this is that 
FF may exert its putative immunosuppressive 
effects by inducing immunosuppressor cells. These 
cells were described in the early 1970s by Gershon 
and Kondo,17 who showed that specific immunolog­
ical unresponsiveness to sheep red blood cells in 
mice could be passively transferred with lympho­
cytes. Our data indicate that lymphocyte prolifera­
tive response to Con A was inhibited by cells prein­
cubated with FF at low concentrations (1 %,2%). 

Bukovsky et al.18 have suggested that immune 
cells play an important role during development of 
the rat ovarian follicle. Hill et al.5 have reported a 
preponderance of CD8+ (suppressor/cytotoxic) 
lymphocytes in human FF. It is possible that the 
factor(s) triggering the recruitment of CD8+ lym­
phocytes in the ovary may be the same as those re­
sponsible for the induction of suppressor cells in 
vitro by human FF. Hill and coworkers5 suggested 
that estrogen could stimulate proliferation and 
differentiation of CD8+ lymphocytes in the ovary, 
as estradiol (E2 ) receptors have recently been dem­
onstrated on CD8+ T cells.19 However, several au­
thors have shown that E2 significantly inhibits sup-

Table 3 Percentage Suppression of Lymphocyte Proliferative Response to Con A (1 peg/mL) 
by Lymphocytes Pre incubated for 48 Hours With Different Substances 

Lymphocytes 
pre incubated No. of 

with experiments 20 peg/mL 

Con A 4 67.8 ± 3.6 a 

Control serum b 4 
IVF serumc 4 
FF 9 

a Results are expressed as mean percentage suppression of 
lymphocyte proliferative response to Con A ± SD. The percent­
age of suppression was calculated as described in the Materials 
and Methods section. 
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Concentrations used in preincubation 

20% 2% 1% 

15.5 ± 6.4 9.3 ± 1.5 13.0 ± 6.9 
24.8 ± 13.9 13.8 ± 20.3 23.8 ± 8.8 
24.0 ± 11.8 35.7 ± 7.8 d 34.7 ± 9.3 d 

b Control serum was midcycle nonpregnant serum. 
c IVF -serum was from the same women who provided FF. 
d P < 0.01; versus control serum at the same concentration. 
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Table 4 Relationship Between Percentage Suppression 
of Lymphocyte Proliferative Response to Con A 
(1 Itg/mL) by FF and the Outcome of IVF 

FF Fertilized Unfertilized 
concen- oocytes oocytes 
tration (n = 5)" (n = 4) P 

vol/vol 

20% 16,540 ± 14,709 b 18,638 ± 16,209 c 

(52.7 ± 16.8)d (53.6 ± 21.4) NS' 

2% 14,510 ± 6,777 16,759 ± 9,272 
(44.8 ± 20.2) (45.8 ± 17.8) NS 

1% 17,842 ± 17,311 20,422 ± 22,910 
(43.9 ± 25.0) (45.2 ± 37.1) NS 

" n = number of different FF. 
b Lymphocyte proliferative response expressed as mean in­

corporation of 3H-thymidine in cpm ± standard deviation (SD) 
in the presence of FF from fertilized oocytes. 

c Lymphocyte proliferative response in the presence of FF 
from unfertilized oocytes. 

d Numbers in parentheses refer to the mean percentage sup­
pression ± SD. 

eNS, not significant. 

pressor cell activity.20-22 Other factors in FF such 
as prostaglandins,9 histamine,11 and human chori­
onic gonadotropin,23 are known to induce suppres­
sor cell. 

Lymphocyte mitogenic response to Con A was 
inhibited by the addition of FF at a concentration 
of 20% (Table 1). When lymphocytes were incu­
bated with the high concentration ofFF (20%), no 
significant suppressor cells activity was obtained 
(Tables 2 and 3). Taken together, these findings in­
dicate that FF contains factor(s) that directly in­
hibit the immune response and prevent the genera­
tion of suppressor cells in vitro by other factor(s). 
Progesterone, at concentrations that inhibit both 
T cell proliferation and cytotoxic cell induction, is 
also highly effective in inhibiting the generation of 
suppressor cells.21 

Our data reveal no significant relationship be­
tween FF immunosuppressive activity and the out­
come of IVF (Table 4), which supports the view 
that oocyte in vitro fertility is independent of the 
immune properties of FF. 6 The clinical relevance of 
these assays therefore seems limited. On the other 
hand, the difference between serum and FF immu­
nosuppressive activity (Table 3) may reflect the 
different concentrations and/or production of im­
munosuppressive factor(s) by proliferating follicle 
cells. 

Our findings suggest that FF may be critical in 
the interaction between the ovary and the immune 
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system, and provide a preliminary basis for study­
ing the potential role of FF in local ovarian immu­
noregulation. 
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