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Introduction

Aspects of the immunological relationship between mother

and conceptus still remain a mystery, although the recent

advances in molecular biology have enlightened some of

the parameters that participate in feto-maternal cross-talk

during implantation. The atypical expression of major

histocompatibility complex (MHC), the specific roles of

some hormones and cytokines, as well as the temporal and

spatial distributions of uterine natural killer (uNK) cells,

represent substantive parameters of feto-maternal

immunotolerance during implantation [1]. Although human

maternal and fetal immunology is difficult to investigate,

aberrant immune responses and an imbalanced cytokine

network may be related to infertility, implantation failures

after IVF, and recurrent pregnancy losses [2]. Patients with

recurrent implantation failure (RIF) should be tested for

inherited and acquired thrombophilias. Each patient should

be individually assessed and counseled regarding man-

agement with low-molecular-weight heparin (LMWH).

Empirical treatment with LMWH, aspirin, or corticos-

teroids is not effective for women with RIF who have

negative thrombophilic tests [3]. If thrombophilic tests are

normal, patients should be tested for immunological cau-

ses. The findings of a recent study suggest that increases in

the percentage of CD56(dim) cells and NK cytotoxicity in

peripheral blood may be important contributing factors for

both RSA and IVF failure [4]. Human leukocyte antigen

(HLA)-DQA1*0505 sharing or the maternal killer
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immunoglobulin-like receptor (KIR) repertoire is associ-

ated with recurrent spontaneous abortion (RSA) or repeated

implantation failure (RIF) [5] and if abnormal, the patient

might then benefit from intravenous immunoglobulin

(IVIg) therapy [3]. IVIg has been successful in the treat-

ment of recurrent miscarriage and recurrent implantation

failure among women with elevated anti-phospholipid

antibodies (APA) and/or NK cell activity [6]. When the

pregnancy outcomes of women with a history of repro-

ductive failure and elevated NK cell cytotoxicity treated

with intralipid were compared with women treated with

IVIg, no differences were seen [6]. Side-by-side compar-

ison showed that synthetic pre-implantation factor (sPIF) is

equally effective to inhibit NK cell toxicity at a lower dose

than intravenous gamma immunoglobulin or intralipid

treatment currently used [7]. sPIF is not yet available

commercially, but intralipid infusions are available glob-

ally. Intralipid (IL) is a synthetic product composed of

10 % soybean oil, 1,2 % egg yolk phospholipids, 2.25 %

glycerin, and water. When indicated, IL is infused

7–10 days prior to embryo transfer (ET), and one more

time again after a positive pregnancy in women whose

NKa is due to an autoimmune causes (antiphospholipid

antibodies and/or antithyroid antibodies) [8]. In cases of

alloimmune implantation dysfunction (DQa and/HLA

matching between the embryo recipient and the male

partner), the same applies, but in this situation, the infusion

is repeated at 2–4 week intervals until the 24th week of

pregnancy [8]. IL costs about 10 times less than IVIg, is not

a blood product, and is without significant side effects [8].

Discussion

Embryo implantation and formation of a functional pla-

centa are complex processes that require a plethora of

regulatory mechanisms involving both maternal and

embryonic cells. Recently, an important role in this com-

plicated cells and factors network was assigned to the

decidual stromal cells (DSCs) and trophoblast cells.

Decidualization includes biochemical changes that trigger

DSCs to produce a number of factors required for the

implantation and induction of immunotolerance in the

maternal immune system [9]. Immunotolerance is achieved

by a cascade of strictly controlled events starting with

selective homing of immune cells to the feto-maternal site,

regulated proliferation, and predominant differentiation

into a regulatory type of immune cells. Furthermore,

cytotoxic effector functions are reduced owing to the

influence of steroid hormones, factors, cytokines, and

inhibitory receptors. Altogether the entire immune system

of the mother is switched to tolerogenic functional state,

which is a prerequisite for the successful maintenance of

pregnancy [9]. Natural killer (NK) cells are a type of

lymphocyte circulating in peripheral blood named because

of their effector functions in killing target cells. Immune

cells that share similar phenotypic characteristics but are

poor killers populate the uterine lining at implantation and

during early pregnancy when the placenta is established.

The functions of these uterine NK (uNK) cells are essen-

tially unknown but available data point to a role in regu-

lating placentation in concert with other elements of the

decidua and invading trophoblast cells [1].

During implantation, maternal immunoactivation and

tolerance are not only limited to the decidua but are also

observed in the periphery, predominantly affecting the

innate immune system [1, 9]. Since unexplained female

infertility, as well as recurrent spontaneous abortion and

implantation failure, is thought to be associated with

pathological maternal immunotolerance mechanisms, Miko

et al.’s study [10] focused on immune profile analysis of

IVF candidates. Previous studies on peripheral NK cell

characteristics of IVF patients have been limited to the

comparison of blood samples taken prior to the IVF pro-

cedure. Miko et al. performed a follow-up study and

compared patient’s data obtained on the day of oocyte

collection with the data collected 1 week after embryo

transfer [10]. The aim was to investigate phenotypic

(subpopulations, CD69, T cell immunoglobulin mucin 3

and NK-activating receptor expression), and functional

(perforin and CD107a expression) changes in the periph-

eral NK and NK T (NKT)-like cell populations. During this

short period of time around the IVF procedure, women

with failed IVF reflected unfavorable Th1-oriented changes

of NK and NKT-like cells. In comparison the follow-up

data for women with successful conception remained

principally constant [10].

All immunotherapies essentially target the uNK and/or

peripheral blood NK cells in women with recurrent preg-

nancy failure. The story began in the late 1990s and early

2000s with paternal lymphocyte immunization therapy

(LIT). Twelve patients with recurrent miscarriage were

treated with immunization with paternal lymphocyte vacci-

nations three times over a period of 12–14 weeks [11].

Before and 2 weeks after the final inoculation, lymphocyte

subsets and intracellular interferon (IFN)-gamma and/or

interleukin (IL)-4 production were examined by flow

cytometry [11]. Seven of nine patients who exhibited

remarkable decreases in Th1/Th2 ratios became pregnant

within 6 months after three courses of immunotherapy, and

fourwomen delivered healthy babies, while none of the three

patients who exhibited an increased or unchanged Th1/Th2

ratio had full-term pregnancies (chi2\ 0.0001).The study

findings suggested that a shift of Th1-dominant to Th2-

dominant status by vaccinationmight play important roles in

maintaining successful pregnancies [11].
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Safe, effective, and inexpensive alternatives to partner

LIT are being sought. IVIg appears effective, but is

expensive. A published double-blinded randomized con-

trolled trial in which Intralipid (Kabi Vitrum, Toronto,

Ontario) was used as a control versus trophoblast mem-

brane vesicles was reviewed by Clark [12]. A prediction

made from those data was then tested using the DBA/2-

mated CBA/J mouse model of recurrent spontaneous

abortion. He hypothesized from the human clinical trial

data that Intralipid even in small doses could be an effec-

tive anti-abortion treatment [12]. Intralipid was highly

effective in preventing abortion in mice, and protection

was prolonged. This may be explained by previous data in

the literature showing that Intralipid affects the reticulo-

endothelial system of the recipient [13]. Clark summarized

that Intralipid might be an effective treatment for human

recurrent miscarriages and a comparison of intralipid to

partner LIT or IVIg would be worthwhile [12].

Roussev et al. [14] compared the abilities of intravenous

immunoglobulin (IVIg), intralipid, and soluble human leuko-

cyte antigen (sHLA)-G to suppress NK cell cytotoxicity in an

in vitro assay. Blood samples taken from 275 women experi-

encing reproductive failure were analyzed for NK cytotoxicity

and the suppression ofNKcytotoxicity by IVIg 4 and 2 mg/mL

(n = 275); intralipid 18 and9 mg/mL (n = 275); and sHLA-G

70 and 35 ng/mL (n = 50), using immunofluorescent-labeled

K562 cells as targets and flow cytometry. NK cytotoxicity was

suppressed in all samples.Among patientswith normalNKcell

activity, IVIg suppressed NK cytotoxicity by 44.9 ± 8.1 %,

intralipid suppressed NK killing by 45.2 ± 8.3 %, and sHLA-

G suppressed it by 49.0 ± 9.2 %. When specimens with

abnormal NK activity were observed for suppression of cyto-

toxicity, IVIg suppressed by 38.9 ± 5.4 %, intralipid sup-

pressed by 39.8 ± 6.2 %, and sHLA-G suppressed by

39.9 ± 5.0 %. The study summarized that IVIg, intralipid, and

sHLA-G suppressedNKcell cytotoxicitywith equal efficacy in

an in vitro assay [14].

In vitro investigations have revealed the ability of intrali-

pids to suppress NK cytotoxicity [14]. Evidence from both

animal and human studies suggests that intralipid adminis-

tered intravenously may enhance implantation and mainte-

nance of pregnancy when the patient has an abnormal NK cell

level or function [12]. The aim of an American study was to

establish the duration and efficacy of intralipids’ suppressive

effect on NK cell functional activity [15]. Fifty patients with

abnormal NK activity (NKa) results received intralipid 20 %

i.v. (9 mg/mL total blood volume—corresponding to 2 mLof

intralipid 20 % diluted in 250 mL saline; or 18 mg/mL—

corresponding 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 performed by flow

cytometry using K562 cells as targets. 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 infu-

sion 2–3 weeks later. In 10 patients, the Nka activity was

normalized the following week. Four patients had three

intralipid infusions in 2-weekperiods in between, and after the

third infusion, all showed normalNKa 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 lasted

4 weeks. The authors concluded that intralipid therapy is

effective in suppressing in vivo abnormal NK cell functional

activity [15]. Their results suggested that intralipids can be

used successfully as a therapeutic option to modulate abnor-

mal NK activity in women with reproductive failure [15].

A search of PubMed was made to identify the published

data regarding diagnosis and treatment of reproductive failure

[6]. Results were compared with the frequencies of APA in

2995 women with histories of unexplained infertility, recur-

rent implantation failure, recurrent pregnancy loss, and fertile

women. In addition, pregnancy outcomes among 442 women

experiencing reproductive failure and elevated NK cell

activity after treatment with IVIg (N = 242) or intralipids

(N = 200) were compared. The prevalence of APA was the

same among women with the diagnosis of unexplained

infertility, recurrent implantation failure, and recurrent mis-

carriage.Heparin and aspirin are successful in the treatment of

elevated APA among women with recurrent miscarriage but

notwith recurrent implantation failure. IVIgwas successful in

the treatment of recurrent miscarriage and recurrent implan-

tation failure among women with elevated APA and/or NK

cell activity. When the pregnancy outcomes of women with a

history of reproductive failure and elevated NK cell cytotox-

icity treated with intralipid were compared with women

treated with IVIg, no differences were seen [6]. The authors

concluded by stating that immunotherapy for treatment of

reproductive failure enhances live birth but only in those

women displaying abnormal immunologic risk factors [6].

On the other hand, Check [16] opined that there are no

immunological studies that can determine if a woman

needs immune suppression. The best way to decide is the

history; the more the miscarriages without any other

identifiable cause the more likely that the passive

immunotherapy may be helpful. If intralipid proves as

efficacious as IVIg, it will be a lot less expensive [16].

Recent Advances

Embryo-secreted preimplantation factor (PIF) is necessary

for, and its concentration correlates with, embryo devel-

opment in humans by promoting implantation and tro-

phoblast invasion [7]. Synthetic PIF (sPIF) modulates
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systemic immunity and is effective in autoimmune disease

models [17]. sPIF binds monocytes and activated T and B

cells, leading to immune tolerance without suppression. A

recent study examined the effect of sPIF on NK cell

cytotoxicity in 107 consecutive nonselected, nonpregnant

patients with recurrent pregnancy loss (RPL) and 26

infertile IVF patients (controls) [7]. The effects of sPIF,

intravenous gamma immunoglobulin (IVIg), intralipid, and

scrambled PIF (PIFscr; negative control) on NK cell

cytotoxicity to peripheral-blood cells were compared by

flow cytometry. In patients with RPL, sPIF inhibited NK

cell cytotoxicity at doses of 2.5 and 25 ng/ml (37 and

42 %) compared with PIFscr (18 %; P\ 0.001). Pre-in-

cubation of blood from infertile patients with sPIF for 24 h

decreased NKCD69 ? expression versus incubation with

PIFscr (P\ 0.05). The authors concluded that sPIF inhibits

NK cell cytotoxicity by reducing NKCD69 expression,

suggesting its significant role in RPL patients [7]. There is

a continuous search to identify safe and effective agents to

counteract recurrent pregnancy loss (RPL). Preimplanta-

tion factor (PIF) secreted by the embryo at the two-cell

stage is present throughout viable pregnancy but absent in

nonviable pregnancy [7, 17]. Its immunomodulatory (not

suppressive) effects promote embryo acceptance and

maintenance by mother/host, control inflammation, facili-

tate uterine environment, and placental embedding [7, 17].

Synthetic PIF (sPIF) was used to complete PIF’s role as a

targeted, safe treatment for immune-based RPL. Previous

reports showed sPIF’s significant protective systemic effect

against maternal factors present in RPL serum [18]. The

current study examined sPIF’s ability to inhibit the local

protective toxicity induced by NK immune cells in a rep-

resentative number of RPL patients. When elevated in

blood, NK cells are associated with RPL. Low-dose

physiological sPIF was highly effective to inhibit NK cell

toxicity. Side-by-side comparison showed that sPIF is

equally effective at a lower dose than intravenous gamma

immunoglobulin or IL treatment currently used [7]. The

sPIF effect on NK cells was targeted, indicating specific

action. Overall, sPIF may represent a safe, effective, and

nontoxic immune-based therapy against RPL. Until we get

sPIF commercially, intralipid as the Gynecologist’s

favorite remains in 2015.

Conclusion

In vitro investigations have revealed the ability of intrali-

pids to suppress NK cytotoxicity. Evidences from both

animal and human studies suggest that intralipid adminis-

tered intravenously may enhance implantation and main-

tenance of pregnancy when the patient has an abnormal NK

cell level or function. However, there is insufficient current

evidence of acceptable quality to permit an assumption that

intralipid therapy is an effective treatment for women

undergoing repeated implantation failures. Shreeve and

Sadek [19] in their elegant review have concluded that

appropriately controlled, large-scale, confirmatory studies

are necessary to prove the efficacy of intralipid before it

can be recommended for routine use.
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