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PROBLEM: To determine if allogenic stimulation from leukocyte immunization (LI) can
increase the prodﬁction of an immunomodulatory protein called progesterone induced block-
ing factor (PIBF) by CD8+ T-lymphocytes.

METHOD: The study group consisted of 35 women, 29 who failed to conceive after re-
peated embryo transfers (ETs) and six with recurrent spontaneous abortion (RSA). The
women underwent LI using the male partner’s blood as the source of leukocytes. Progester-
one induced blocking factor was measured pre- and post-LI with an immunocytochemistry
method using a PIBF-specific polyclonal antibody.

RESULTS: The mean percentage of lymphocytes expressing PIBF, as well as the percent-
age of cases whose PIBF level increased to 1% or more, was significantly higher post-LIL
Similarly post-LI, there was a significantly lower percentage of zero PIBF levels.
CONCLUSIONS: Leukocyte immunization causes an increase in PIBF in many cases. Pos-
sibly the improved pregnancy outcome in immunized patients with RSA or previous failure
to conceive with in vitro fertilization may be partially or possibly completely explained by
its stimulatory effect on PIBF.

Leukocyte immunization of women with male partner’s lymphocytes resulted in in-
creased lymphocyte expression of an immunomodulatory protein that increases hu-
moral and decreases cellular immunity.

INTRODUCTION

Progesterone (P) is a critical hormone for maintenance of a normal pregnancy.' One
of the functions of P is to act as an immunosuppressant.” There are some contro-
versial data suggesting that pregnancy lymphocytes have nuclear P receptors while
non-pregnancy lymphocytes do not.” There is evidence that lymphocytes of preg-
nant women develop specific P receptors after exposure to an allogeneic source.*®

The immunomodulatory effects of P may be through the stimulation of a 34 kD
protein known as progesterone induced blocking factor (PIBF), which results from
the interaction of a high concentration of P with P receptors on certain CD8+ lym-
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phocytes.*”® Progesterone induced blocking factor inhib-
its natural killer (NK) activity.® Natural killer activity
seems to play a role in spontaneous pregnancy termina-
tion; a decrease in CD56+ CD16- NK cells and an increase
in CD56+ CD16+ NK cells is frequently found.”

During pregnancy, the maternal immune response is
modulated: There is a decrease in cellular immune re-
sponse and an increase in hormonal immunity.'’ The
change in immune parameters may be mediated by the se-
cretion of cytokines by T-helper (TH cells) cells."! In nor-
mal pregnancies, there is a shift in the decidua from the
production of THI1 to the production of TH2 cytokines,
leading to a decrease in cell-mediated responses and an in-
crease in immunoglobulin synthesis.'” Progesterone in-
duced blocking factor may exert immunomodulation
through its effect on cytokines, especially influencing a
shift to TH2 cytokines which inhibit NK activity."” Also,
PIBF has been found to increase IL-10 (TH2 cytokine)
production by murine spleen cells and to decrease 1L-12
(THI cytokine) production.” Progesterone induced block-
ing factor expression on lymphocytes is inversely related
to serum concentration of TH2 cytokines."

Allogeneic stimuli other than paternal antigens (e.g.,
blood transfusions or liver transplants) have been shown
to increase the expression of P receptors in lymphocytes."
To our knowledge, these data have never been corroborated.

If the theory of induction of P receptors on CD8+ T-lym-
phocytes by allogeneic stimuli (e.g., blood transfusion) is
correct, then LI may be expected to do the same. Induc-
tion of PIBF expression on lymphocytes should then hy-
pothetically occur following exposure to P.

The study presented herein evaluated PIBF levels be-
fore and after LI. The rationale for performing this study
was based on preliminary data (but not statistically signifi-
cant) showing a delivery rate twice as high (33.3% vs.
16.7%) in couples who had failed to conceive despite at
least two previous IVF-ET cycles where the female part-
ner was given paternal leukocyte immunization.”

MATERIALS AND METHODS

Study Group

Thirty-five women received LI using male partners’ blood
as the source of lymphocytes. Included were 29 women
who had failed to conceive after at least two attempts of
embryo transfers (ET) (fresh or frozen) and six women
with recurrent SAB (at least three); one woman was used
twice in the study after two LI’s.

To prepare the lymphocytes for immunization, 400 mil-
liliters of whole blood was obtained from the male part-
ner and the plasma and erythrocytes were removed. The
remainder was resuspended with an equal volume by
weight of sterile saline. The cells were then layered over
sodium metrizoate/Ficoll and centrifuged. The mono-
nuclear cell layer was then aspirated and washed three to
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five times with sterile saline with a final slow spin to re-
move platelets and then resuspended with 5 mL of sterile

saline. The lymphocyte suspension was then aspirated into

five syringes (Nos. 1-4 with 0.5 mL and No. 5 with 3.0
mL). The patients then received two intramuscular and two
subcutaneous injections with the .5 mL suspensions and
the 3 mL suspension was given by intravenous saline drip.
Progesterone induced blocking factor on lymphocytes
was determined by an immunocytochemistry method us-
ing a PIBF-specific polyclonal antibody.'® Mononuclear
cells were removed using Isoprep (Robbins Scientific,
Sunnyvale, CA) and cold centrifugation and were adjusted
to a concentration of 2 x 10.%/mL: 100 pl aliquots of cell
suspension were added to sample chambers, air dried and
then fixed in cold ethanol. The cells were incubated first
with protein blocking agent and then incubated overnight
with anti-progesterone-inducing blocking factor (anti-
PIBF). The cells were then washed in PBS (Shandon-
Lipshaw, Pittsburgh, PA) and covered with anti-rabbit
peroxidase. Following a second PBS wash, fresh chro-
mogen solution was added and the cells incubated; the re-
action was stopped with distilled water and the cells
counterstained with hematoxylin. The slides were then cover-
slipped and read under oil-immersion (100 x objective). A
positive reaction was indicated by a reddish precipitate at sites
of specific cellular antigen localization. Three hundred cells
were counted and the percent of positive cells was deter-
mined. A PIBF level >1% was considered positive.
Progesterone induced blocking factor levels were mea-
sured for each woman one to three weeks before the LI
during the mid-luteal phase and were also obtained one to
four weeks post-LI during the mid-luteal phase. The mean
levels pre- and post-LI were compared using paired T-test.
The percentage of positive levels (>1%) pre- and post-LI
were compared using McNemar’s test for matched propor-
tions. The 1% cut-off was based on the negative controls
used in the laboratory. Further attempts at clinical corre-
lation may indeed find a level that better defines a nega-
tive vs. a positive response. A P value of .05 was used.

RESULTS

The mean = SD of lymphocytes expressing PIBF was
2.947.1% pre-LI versus 8.7 £ 14% post-LI (P < .05, paired
T-test). The percentage of patients with PIBF expression
>1% was 33.3% (12 of 36) pre-LI and 58% (21 of 36)
post-LI (P < .05, McNemar test). The percentage of pa-
tients with zero levels of PIBF was 56% (20 of 36) pre-
LI versus 22% (8 of 36) post-LI (P < .05, McNemar test).

The five largest increments of PIBF from pre- to post-
LI were 0 to 50%, 0.5 to 48.6%, 0 to 38.3%, 0 to 20.3%,
IVE, and 0 to 17.7%, non-IVF. The five greatest decre-
ments of PIBF from pre- to post-LI were 13.7 to 6.4%,
11.0t0 3.7%, 8.0 t0 0.7%, 12.7 10 6.3%, and 1.3 10 0.0%.

There were ten patients with PIBF levels <1% both be-
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fore and after LI; four conceived but one had a clinical
pregnancy only, two had spontaneous abortions, and one
had a delivery (10%). Otherwise, the rest of the group had
a PIBF level that was positive (n = 26) and there were one
chemical, one ectopic, three spontaneous abortions, and
seven (27.0%) had deliveries (Fisher’s test, not significant).
Power analysis showed that to find a significant difference
with 80% power would require a sample size of at least
100 patients.

DISCUSSION

Progesterone induced blocking factor alterations early in
pregnancy may lead to immunologic rejection related to a
shift to cellular immune activation. A decrease in PIBF lev-
els have been found in women undergoing SAB or show-
ing symptoms of premature pregnancy termination (e.g.,
bleeding).'® Progesterone induced blocking factor levels
have been found to be higher in late luteal phase in preg-
nant vs. non-pregnant patients .'” Higher late luteal phase
PIBF levels are associated with successful implantation,'®
whereas lower late luteal phase PIBF levels are associated
with a higher rate of first-trimester spontaneous abortions
(clinical, not just chemical)."

This study demonstrated increased serum levels of PIBF
following LI. Thus, these data are consistent with the pos-
sibility that the association of LI and reduced rates of spon-
taneous abortion in patients with recurrent SABs may at
least be in part by the stimulation of PIBF. Preliminary data
also suggests that LI may be beneficial for patients hav-
ing embryo transfers who have failed in at least two prior
attempts, >

TJ6, another immunomodulatory protein, has been re-
cently discovered that has a different pattern of expression
on normal vs. abnormal pregnancies.”’ With successful
pregnancies, higher levels of TJ6 are seen on CD19+B
cells and lower levels on CD56+ NK cells. In contrast with
spontaneous abortions, lower levels of TJ6 are found on
CD19+B cells and higher levels on CD56+ NK cells.” In
contrast, PIBF is expressed on CD8+ T-lymphocytes. Pre-
liminary data suggest that TJ6 alterations may occur after
the initiating event causing SAB.”, whereas low PIBF may
cause a shift in immune parameters leading to eventual SAB.

Hopefully, these preliminary data will stimulate more
worldwide interest in these very interesting immunomodu-
latory proteins. More extensive testing is needed to see if
LI is only beneficial for women who fail to generate ad-
equate PIBF levels despite exposure to the allogeneic fe-
tus. Our preliminary data, though, showing a trend for
higher rates of fetal rejection if PIBF was not generated,
is far from conclusive since the small sample size did not
come close to showing statistical significance. Possibly
patients failing to generate sufficient PIBF despite immu-
nization by the husband’s leukocytes will respond better
to donor leukocytes. Patients failing to respond to both

sources of leukocyte preparations might be candidates for
intravenous immunoglobulin therapy.”
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