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Background

In vitro investigations have revealed the ability of intralipids to suppress
natural killer (NK) cytotoxicity. Evidence from both animal and human
studies suggests that intralipid administered intravenously may enhance
implantation and maintenance of pregnancy when the patient has an
abnormal NK cell level or function.

Problem
The aim of this study was to establish the duration and efficacy of
Intralipids suppressive effect on NK cell functional activity.

Method of study

Fifty patients with abnormal NK activity results (NKa) received intralipid
20% i.v. (9 mg/mL total blood volume -corresponds to 2 mL of intra-
lipid 20% diluted in 250 mL saline; or 18 mg/mL — corresponds to 4 mL
of intralipid 20% diluted in 250 mL saline) infusions and their NKa
were tested periodically. The determination of NK cell function was per-
formed by flow cytometry using K562 cells as targets.

Results

Fifty women with abnormal NKa-testing received intralipid infusions. 39
(78%) showed NKa suppression within the normal range the first week
after infusion, 11 (22%), showed suppression, but still above the normal
threshold. They received second infusion 2-3 weeks later. In 10, the
Nka activity was normalized the following week. Four patients had
three intralipid infusions in 2-week periods in between and after the
third infusion, and all showed NKa normal activity. In 47 patients the
suppressive effect of the Intralipid after the normalization of NKa lasted
between 6 and 9 weeks, in two patients this benefit lasted 5 weeks, and
in one patient the effect was 4 weeks.

Conclusion

Intralipid is effective in suppressing in vivo abnormal NK-cell functional
activity. The results suggest that Intralipid can be used successfully as a
therapeutic option to modulate abnormal NK activity in women with
reproductive failure.
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Introduction

Reproductive failure is a serious problem in any soci-
ety, particularly among women over 30 years of
age.! In these women pregnancy loss occurs in both
natural and assisted reproductive techniques.
Whereas the majority of pregnancies that are lost
are on account of chromosomal abnormalities*’
immunologic causes have been considered more
then 80% of the otherwise unexplained reproductive
failures.*” Most studies addressing the problems of
immunologic reproductive failures have focused on
the role of natural killer (NK) cells.>'* Women with
reproductive failures have significantly elevated
numbers and functional activity of peripheral NK
cells compared with normal fertile controls,”'*!*
and suppression of NK cell’s abnormal activity
during these pregnancies determine reproductive
success.'”™” Intravenous immunoglobulin down-
regulates NK-cell killing activity both in vitro and
in vivo'>'® and it has been used successfully for
treatment of recurrent spontaneous abortions and
recurrent implantation failure after in vitro
fertilization (IVF) and embryo transfer.'’

We have recently reported the ability of Intrali-
pid 20% (i.v. fat emulsion) to suppress abnormal
NK cytotoxic activity in peripheral NK cells
from women with recurrent reproductive failure
in vitro.*°

The purpose of this study is to evaluate in vivo
the level and duration of Intralipid 20% suppres-
sive effect on abnormal NK activity (NKa) in
patients with reproductive failure. Also, the
expression of some activation and inhibition NK-
cell markers has been compared between the
untreated and those treated with Intralipid
lymphocytes.

Materials and methods

Blood Samples

Blood samples from 50 patients experiencing recur-
rent reproductive failure including recurrent
implantation failure after IVF and embryo transfer
referred to Millenova Immunology Laboratories for
NK functional activity evaluation were included in
the IRB approved study. All patients with
abnormal NK-cell activity were followed on a
weekly basis after being selected for Intralipid
infusions.

American Journal of Reproductive Immunology 60 (2008) 258-263 © 2008 The Authors

Journal compilation © 2008 Blackwell Munksgaard

Intralipid Infusion

A quantity of 2-4 mL of 20% intralipid solution
(Frezenius, Clayton, NC, USA) was injected into
250 mL sterile i.v. saline. The solution was adminis-
tered i.v. at approximately 250 cm’/hr.

NK Cytotoxicity Assay

The determination of NK-cell function was per-
formed by flow cytometry using a previously
described technique.?! Briefly, K562 cells were
grown as stationary cultures at 37°C in 5% CO,. The
cells were subcultured for 3 days before the assay, to
be certain they were in the log phase. Before use in
the assay, cells were incubated with 10 pL of
30 mmol/L dioctadecyloxacarbocyanine perchlorate
(DiO) per mL for 20 min at 37°C, 5% CO,. Effector
cells were isolated from the buffy coat of heparinized
blood using Ficol-Hypaque centrifugation. Target
cells at the standard concentration and effector cells
were added to create effector/target ratios of 50:1
and the mixture was centrifuged for 30 s at 1000 g
to pellet the target and effector cells. The mixture
was incubated for 2 and a half hours at 37°C, 5%
CO; and 15 min before flow-cytometry acquisition a
total of 100 pL of propidium iodide (PI) was added
to the tubes to label the dead cells. Data were col-
lected for analysis on the Becton-Dickinson fluores-
cent-activated cell sorter flow cytometer, using the
CELLQUEST program and LysIS software. Spontaneous
lysis was subtracted from the actual lysis for each
sample. Based upon the control population,
increased (abnormal) NK killing activity was defined
as >10% Kkilling. The 10% threshold was established
as the 99th percentile from NKa results of 55 normal
healthy individuals.

Suppression of NK Cytotoxicity Assay

Intralipid 20% (Frezenius), was used to measure the
NK cell’s response to suppression. A total of four
12 x 75 B-D tubes per patient was used: target cells at
standard concentration (10 uL from 1 x 10°) were
mixed with 100 pL of 5 x 10° peripheral blood mono-
nuclear cells (effector cells) to create T:E ratio 1:50. A
separate tube with target cells only was used for back-
ground control. Two tubes were used to measure In-
tralipid 20% suspension. In the first tube 18 mg/mL
Intralipid in culture media (CM) and 9 mg/mL in the
second tube was used. All tubes were incubated at
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37°C in 5% Co, for 2 and a half hours and analyzed
by flow cytometry. Fifteen min. before analy-
ses100 pL of PI was added to all tubes. The controls
for the background contained only DiO-stained target
(T) cells and PIL.

NK Cell Activation and Suppressive Markers

Lymphocytes from 20 patients have been labeled for
some activation and suppressive markers before
(background) and after incubation for 2 and a half
hours with intralipid. The antibodies used in combi-
nation were CD56, CD16, CD69, CD94, CD161, and
CDllc.

Fluorescent-activated Cell Sorter Analyses

The forward- and side-scatter parameters were
adjusted to accommodate the inclusion of both
target and effector cells within the acquisition gate
and 10,000 cells minimum were counted. Quad-
rant markers were drawn to distinguish DiO-
labeled cells and cells with incorporated PI (dead
cells). Percent lysis was calculated by the equation:

% lysis = ( quadrant2 events/quadrant2

+ quadrant4 events) x 100
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Fig. 1 Duration of intralipid suppression of natural killer (NK) cell
activity in patients with abnormal NK cytolytic activity higher then 15%.
The arrows show the time of intralipid infusions (— normal level
threshold).

(43.8%) with higher then 15% NKa required more
than two infusions to have their activity suppressed to
normal range.

Of 50 women with abnormal NKa testing that
received Intralipid infusions, 39 (78%) showed NKa
suppression to within normal levels after the first
week, and of these 50, 11 (22%), showed suppres-
sion, but still above the normal threshold (Table I).
Those with suppression above the normal threshold
received a second infusion 2-3 weeks later. In 10,
the NKa was normalized the following week. Four
patients had three intralipid infusions in 2-week

(Natural NK lysis - NK cytolysis after Intralipid) x 100

% changes in NK cytolysis =
or

Statistical analyses were performed by anova and
P < 0.05 was considered statistically significant. Data
were expressed as mean =+ S.D.

Results

Fifty patients with abnormal NK functional activity
were treated with Intralipid infusions and NKa assay
was performed weekly for follow-up levels of NK-
cytotoxicity suppression. The patients were divided
into two groups based on the level of abnormal NKa
percentage: first, with NKa above 15%, and second,
<15% (Figs 1 and 2). Almost all (89.3%) of the
patients with NK abnormal activity <15% after the
first Intralipid infusion normalized their NKa below
the normal threshold of 10%. Some of the patients
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Fig. 2 Duration of intralipid suppression of natural killer (NK) cell
activity in patients with abnormal NK cytolytic activity between 11%
and 15%. The arrows show the time of intralipid infusions (— normal
level threshold).
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Table | Intralipid Suppression of Abnormal Natural Killer Cell Functional Activity In Vivo
Suppressed‘ NKa after first infu- Suppressed NKa after
sion second infusion Duration of the suppression
Abnormal NKa >10% <10% >10% <10% 4-6 week 6-9 week
>15% (n = 16) 7 (43.8%) 9 (56.2%) 1 6 1 (6.3%) 15 (92.7%)
<15% (n = 34) 4(11.7%) 30 (89.3%) = 4 2 (5.9%) 32 (94.1%)
Total (n = 50) 11 (22%) 39 (78%) 1 10 3 (6%) 47 (94%)
9- . . . . .
o] @ Without intralipid that %nFravenouls fat. emulsion 1nfu510.n? .durlng.early
74 B After intralipid post-injury period increased susceptibility to infec-
Eg: tion, prolonged pulmonary failure, and delayed
Oyl recovery in critically injured patients suggesting that

%
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Fig. 3 Expression of some activation and suppression markers on
CD56" NK cells before and after incubation with intralipid. There is no
significant statistical difference in the markers’ expression (n = 20).

periods in between and after the third infusion, and
all showed normal NKa. In 47 patients the suppres-
sive effect of the Intralipid after the normalization of
NKa lasted between 6 and 9 weeks, in two patients
this benefit lasted 5 weeks, and in one patient the
effect lasted for 4 weeks.

There are no differences in the expression of
CD56*/CD16~ or CD16", CD69, CD94, CD161, and
CD11c before and after incubation with Intralipid
in vitro (Fig. 3).

Discussion

The immunologic causes for reproductive failure are
the results of abnormal activities of white blood cells
and antibody responses. Increased numbers and
cytotoxic activity of NK cells have been reported in
women with reproductive failures.”?*?> A number
of studies reported that Intralipid might modulate
immune function with suppression of NK cyto-
toxicity?*?* and pro-inflammatory cytokine genera-
tion.?®?” Intralipid fat infusions are standard
component of total parenteral nutrition in trauma
and severely burned patients. It has been reported
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one possible way of acting is by suppression of
NK activity.*® Sedman et al. have found a significant
fall of NK activity and lymphokine-activated killer
activity after total parenteral nutrition regimens with
long-chain triglycerides.?’ Parenteral fat emulsions
are known to accumulate in macrophages and to
impair various functions of macrophages and those
of the reticuloendothelial system. It was shown that
the administration of fat emulsion, intralipid 20%,
to recipient mice could suppress genetic resistance
to bone marrow grafts and NK cell activity prob-
ably through the impairment of the macrophage
function.>”

While intralipids have been shown to stimulate the
reticulo-endothelial system and remove ‘danger
signals’ that can lead to pregnancy loss,>' the exact
mechanism by which intralipids suppresses NK func-
tion is not known. NK cells possess both cell surface®?
and nuclear receptors.’> We found no differences in
the expression of CD56"/CD16~ or CD16%, CD69,
CD9%4, CD161, and CD11c before and after incubation
with intralipid in vitro suggesting that intralipid does
not act on these cell surface receptors. These obser-
vations are consistent with previous reports.>*>>

Natural killer cells have also been shown to
express nuclear receptors known as peroxisome pro-
liferator-activated receptors (PPARs).>®?” PPARs are
ligand-activated transcription factors belonging to
the nuclear receptor superfamily that form dimers
with the retinoid X receptors.’® When these recep-
tors are activated by their fatty acid ligands, they
have been shown to regulate inflammation.’*™*° In
NK cells, PPARs-ligand interaction results in
decreased interferon-y secretion and cytotoxicity.>>
Increased NK cytotoxicity has been associated with
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implantation failure’*!> and recurrent pregnancy

loss”™? in humans. In mice, PPAR gene deletions
were associated with reduced implantation*' and
decreased litter size.*?

Taken together, these observations lead to the fol-
lowing hypothesis: intralipids administered intrave-
nously engage their receptors, PPARs, in NK cells
and decrease their cytotoxic response enhancing
implantation and maintenance of pregnancy. Intrali-
pid has been shown to be effective in suppressing
the abnormal NK cell functional activity both
in vitro*® and in vivo (this study). Thus, the results
suggest that Intralipid can be used successfully as a
therapeutic option to modulate abnormal NK activity
in women with reproductive problems.
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