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Abstract

Background
Antiphospholipid antibody syndrome is the major cause of recurrent pregnancy loss (RPL) and
associated with in�ammation. Granulysin is a cytotoxic protein secreted by cytotoxic T cells, natural killer
cells, and natural killer T cells that is present in abundance in the decidua. It activates innate and cellular
immunity simultaneously, and also induces miscarriage. As a treatment, heparin is widely used for the
patients with RPL, and exhibits the antithrombotic and anti-in�ammatory activities, and angiogenesis.

Methods
We hypothesized that granulysin is an important factor in inducing miscarriage. Here, we evaluated the
changes of serum granulysin level before and 1 week after the commencement of heparin treatment for
the patients with RPL.

Results
The serum granulysin levels before heparin treatment were signi�cantly higher in women who tested
positive for one or more types of antiphospholipid antibody (2.75 ± 1.03 vs. 2.44 ± 0.69; P = 0.0341 by
Welch’s t-test), particularly anti-phosphatidylethanolamine antibodies (IgG: 2.98 ± 1.09 vs. 2.51 ± 0.86; P = 
0.0013, IgM: 2.85 ± 1.09 vs. 2.47 ± 0.77; P = 0.0024 by Welch’s t-test). After heparin treatment for 1 week,
the serum granulysin levels were reduced signi�cantly (P = 0.0017 by paired t-test). The miscarriage rate
was signi�cantly higher in women whose serum granulysin levels were not reduced by heparin treatment
(P = 0.0086 by Fisher’s exact probability test).

Conclusions
These results suggest that heparin may reduce the incidence of miscarriages by suppressing the serum
granulysin levels.

Background
Recurrent pregnancy loss (RPL) is a heterogeneous condition with several etiological factors, such as
uterine anomalies, prothrombotic disorders, chromosomal anomalies, endocrine dysfunction, and
autoimmune and alloimmune disorders. Among these, antiphospholipid antibody syndrome (APS) is now
recognized as one of the most important causes of RPL. An estimated 20–40% of women with RPL test
positive for antiphospholipid antibodies (aPLs), compared with 2% of women with normal obstetric
histories [1].
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APS is primarily characterized by arterial or venous thrombosis, RPL, fetal growth restriction, and
preeclampsia in patients positive for aPLs [2]. Observations of extensive infarction and thrombosis in the
placentas of aPL-positive women and evidence of systemic thrombosis in patients with APS led to the
hypothesis that aPLs cause obstetric complications by inducing thrombosis in the placenta and decidual
circulation [3]. However, not all affected placentas display signs of thrombosis or infarction, and most
miscarriages occur before placental formation, indicating that other mechanisms are responsible for
these obstetric complications.

Recent clinical and experimental studies suggest that the pathophysiology of APS-related pregnancy loss
may involve in�ammation at the maternal-fetal interface and disruption of normal trophoblast function.
Girardi et al. suggested that activation of the complement cascade is necessary for aPL-mediated fetal
loss [4]. In addition, the presence of neutrophil extracellular traps (NETs) is crucial in APS. In patients with
APS, the neutrophils easily secrete NETs [5], and the thrombi formed include those derived from NETs [6].
It has been postulated that a proportion of RPL cases is attributed to immune reactions [7]. However, the
role of immunity in APS pathogenesis remains unclear.

Heparin in combination with aspirin is currently the standard treatment for pregnant women with APS.
The rationale underlying this choice of treatment is based on the anticoagulant properties of heparin,
since it was originally thought that pregnancy failure associated with aPLs is caused by thrombotic
events in the placenta. However, as described above, there may be other mechanisms underlying
pregnancy loss, and heparin may be used as an alternative preventive agent. Indeed, heparin has several
properties besides its anticoagulant property, including inhibition of aPL binding to β2 glycoprotein I
(β2GPI) [8]. Girardi et al. demonstrated that the effectiveness of heparin may be attributed to its
complementary inhibitory effects rather than its anticoagulant activity [9]. These observations lead us to
hypothesize that changes in immunity may contribute to the pathogenesis and clinical manifestations of
APS, and that heparin treatment may modulate immunity in pregnant women with APS.

We used granulysin, a cytolytic granule protein produced by natural killer (NK) cells [10], cytotoxic T
lymphocytes (CTLs), natural killer T (NKT) cells, and γδ T cells [11], as an indicator of immunity.
Granulysin is a demonstrated marker of cell-mediated immunity [12] as well as perforin and granzyme
activities [13]. It is a saposin-like lipid-binding protein [14] that is inserted into cell membranes to induce
ion �uxes and apoptosis. Granulysin is composed of 9-kDa and 15-kDa subunits. The 9-kDa subunit
exerts cytotoxic effects, whereas the 15-kDa subunit acts as an alarmin [15], which stimulates antigen-
presenting cells (APCs) through pattern recognition receptors (PRRs) and is involved in the activation of
innate immune cells, including dendritic cells (DCs) [16]. It acts as a damage-associated molecular
pattern and induces pre-in�ammatory reactions [17]. The 15-kDa subunit promotes APC maturation [18,
19] and immune cell migration [20]. Therefore, granulysin regulates the dual control of the innate and
adaptive arms of the immune system.

Granulysin has tumoricidal and antiviral properties and inhibits the growth of pathogenic bacteria, fungi,
and parasites in vitro [10, 21]. It is also a useful biomarker for transplantation. In acute graft-versus-host
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disease, serum granulysin levels are markedly increased and correlate with disease severity [22].
Granulysin has been detected in the endometrium [4] and decidua in early pregnancy [23], and plasma
granulysin concentrations are associated with preeclampsia [24]. Recently, Nakashima et al.
demonstrated that granulysin produced by uterine NK cells induces apoptosis in extravillous trophoblasts
during spontaneous abortion [25]. Tamara et al. also reported that granulysin causes apoptosis and
induces miscarriage [26]. Here, we investigated the relationship between APS and immunity by examining
serum granulysin levels.

Materials
Patients

Women were recruited from the recurrent miscarriage clinic of the Department of Obstetrics and
Gynecology at Nippon Medical School Hospital (Tokyo, Japan). A total of 142 women with a history of
recurrent miscarriage (two or more consecutive miscarriages) were included in this study. They were
tested for the presence of aPLs, and 32 women whose aPL tests were positive on two or more occasions
at least 12 weeks apart were treated with heparin and aspirin. Thirty women whose aPL titers were
marginal or only positive on a single occasion were included in this study as the control group, and
received aspirin alone. 

Laboratory assays for aPL detection 

The presence or absence of lupus anticoagulant was determined by measuring the activated partial
thromboplastin time and diluted Russell viper venom time, and con�rmed using mixing studies and
platelet neutralization tests [27, 28]. Standard enzyme-linked immunosorbent assay (ELISA) against
cardiolipin (CL) [29, 30] and phosphatidylethanolamine (PE) were used to detect the presence of IgG and
IgM antibodies [30]. Values > 10 G phospholipids for anti-CL IgG, > 8 M phospholipids for anti-CL IgM, >
0.3 (95th percentile) for anti-PE IgG, and > 0.45 (95th percentile) for anti-PE IgM were considered positive
[31]. These tests were performed twice with a 12-week interval, and if both replicates of a test exceeded
the threshold value, it was considered positive. ELISA were performed by a commercial laboratory (SRL,
Tokyo, Japan).

Heparin and aspirin treatments

All patients who participated were administered low dose aspirin (81 mg/d) 2 weeks before their expected
menstrual period, and were instructed to continue treatment in the event of a positive pregnancy test.
Heparin treatment began immediately after a positive urinary pregnancy test. The patients self-
administered 5,000 U of unfractionated heparin (Caprocin®, Sawai Pharmacy, Tokyo, Japan)
subcutaneously every 12 h. 

Blood sample collection 
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Blood samples were collected immediately after a positive urinary pregnancy test, immediately prior to
heparin treatment. Additional blood samples were drawn 1 week later. Control group samples were
collected at the same time points. 

ELISA to detect serum granulysin

Serum granulysin concentrations were assayed by a commercial laboratory (BML, Tokyo, Japan). Brie�y,
microtiter plates (Nunc, Roskilde, Denmark) were coated with 5 mg/mL anti-granulysin monoclonal (m)Ab
RB1(Mouse IgG1κ) (MBL International Corporation, Nagoya, Japan) in 100 mM carbonate buffer and
maintained overnight at 4 °C. The plates were washed with phosphate-buffered saline containing 0.1%
Tween 20 (washing buffer) and blocked with 10% fetal bovine serum wash buffer (blocking buffer) for
1–2 h at 37 °C. The plates were then serially reacted at room temperature with the following materials,
with one wash in washing buffer between two reactions: samples or standards in blocking buffer for 2 h,
0.1 mg/mL of mouse monoclonal anti-human granulysin biotinylated RC8 mAb (MBL International
Corporation) in blocking buffer for 1 h, and 0.05 U/mL of β-galactosidase-conjugated streptavidin (Roche
Diagnostics, Tokyo, Japan) in washing buffer for 1 h. After a �nal wash, the plates were incubated with
0.4 mM 4-methylumbelliferyl bD-galactoside (Sigma-Aldrich) in 10 mM sodium phosphate buffer (pH
7.0), supplemented with 0.02% bovine serum albumin, 100 mM NaCl, and 1 mM MgCl2 at 37 °C, for 17 h.
The reaction was then terminated by adding 100 mM glycine-NaOH (pH 10.3), and the �uorescence
intensity was measured using a Cyto�uor Series 4000 Multi-Well Plate Reader (Applied Biosystems,
Foster City, CA, USA) at excitation and emission wavelengths of 360 and 460 nm, respectively.

Statistical analysis

Paired data were analyzed using Welch’s t-tests and paired t-tests (two-sided). Fisher’s exact probability
test was used to test pregnancy outcomes. All statistical analyses were performed using JMP 6.0
software (SAS Institute, USA). Differences with P < 0.05 were considered signi�cant.

Results

Patient characteristics
The characteristics of the patients included in this study are outlined in Table 1. There were 81 patients
positive for at least one aPL, which corresponded to 57.0% of the total number of women recruited. The
positivity rates were 9.9% for the anti-CL IgG antibody, 7.8% for the anti-CL IgM antibody, 24.1% for the
anti-PE IgG antibody, and 41.1% for the anti-PE IgM antibody. The mean gestational age at initial blood
sampling was 5.8 ± 1.3 weeks in the aspirin plus heparin group and 6.0 ± 1.9 weeks in the aspirin group;
these results were not signi�cantly different.
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Table 1
Patient characteristics

Characteristic Value

Agea 35.1 ± 4.1 (23–44)

No. of miscarriagesa 2.68 ± 1.22 (2–7)

No. of patients with one or more APAs (%) 81 (57.0)

Anti CL IgG positive 14 (9.9)

Anti CL IgM positive 11 (7.8)

Anti PE IgG positive 34 (24.1)

Anti PE IgM positive 58 (41.1)

Abbreviations: APAs Antiphospholipid Antibodies, Anti CL IgG Anti-cardiolipin IgG, Anti CL IgM, Anti-
cardiolipin IgM Anti PE IgG Anti-phosphatidylethanolamine IgG, Anti PE IgM, Anti-
phosphatidylethanolamine IgM

aValues are presented in terms of mean ± S.D. (range)

Serum Granulysin Levels In Women With And Without Apls
Serum granulysin concentrations were signi�cantly higher in women who tested positive for one or more
aPLs than in women who tested negative for them (2.75 ± 1.03 ng/mL vs. 2.44 ± 0.69 ng/mL; P = 0.0341).
There were no signi�cant differences in the granulysin concentrations of women with and without anti-CL
IgG or IgM antibodies; however, the concentrations were signi�cantly higher in women who tested positive
for either anti-PE IgG or IgM antibodies (Table 2).
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Table 2
Serum granulysin concentration in women with or without antiphospholipid antibodies

  Positive (n) Negative (n) P value

Antiphospholipid antibodies 2.75 ± 1.03 (81) 2.44 ± 0.69 (60) 0.0341a

Anti CL IgG 2.56 ± 1.40 (14) 2.62 ± 0.85 (127) 0.879a

Anti CL IgM 2.39 ± 1.04 (11) 2.63 ± 0.90 (130) 0.390b

Anti PE IgG 2.98 ± 1.09 (34) 2.51 ± 0.86 (107) 0.013b

Anti PE IgM 2.85 ± 1.09 (58) 2.47 ± 0.77 (83) 0.024a

Abbreviations: Anti CL IgG Anti-cardiolipin IgG, Anti CL IgM Anti-cardiolipin IgM Anti PE IgG Anti-
phosphatidylethanolamine IgG, Anti PE IgM Anti-phosphatidylethanolamine IgM

aWelch’s t-test, bStudent’s t-test

Characteristics of patients treated with aspirin and heparin plus aspirin

Thirty-two women received aspirin plus heparin and thirty received aspirin alone. The mean ages of the
aspirin plus heparin and aspirin alone groups were 35.5 ± 3.84 (range: 30–41) years and 33.2 ± 2.94
(range: 29–38) years, respectively, which were not signi�cantly different (Table 3).

Table 3
Characteristics of patients treated with heparin and aspirin and aspirin alone

  Heparin + Aspirin Aspirin  

No. of patients 32 30 ns

Agea 35.5 ± 3.84 (30–41) 33.2 ± 2.94 (29–38) ns

No. of miscarriagesa 2.87 ± 1.41 (2–6) 2.47 ± 0.92 (2–5) ns

aValues are presented in terms of mean ± S.D. (range)

ns: Not signi�cant

Changes In Serum Granulysin Concentration After Heparin
Treatment
The mean serum granulysin level before heparin treatment was 2.77 ± 0.82 ng/mL, which decreased to
2.37± 0.67 ng/mL 1 week after the initiation of heparin treatment. The reduction was statistically
signi�cant (P = 0.0007, Fig. 1A). The serum granulysin levels in the aspirin group did not alter signi�cantly
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during this period (P = 0.84, Fig. 1B). However, no changes in NK cell activity or the type 1/2 helper T cell
(Th1/Th2) ratio were observed after heparin treatment (NK cell activity: P = 0.20, Th1/Th2: P = 0.82;
Supplementary Figs. 1 and 2, respectively).

Relationship between pregnancy outcomes and changes in serum granulysin levels

Of the 32 patients treated with heparin plus aspirin, 27 had decreased serum granulysin levels, while �ve
had elevated levels. Miscarriages occurred in 80% (4/5) of those with increased granulysin levels and
15% (4/27) of those with decreased granulysin levels. Therefore, when heparin treatment resulted in
decreased serum granulysin levels, a signi�cantly lower miscarriage rate was observed compared to that
observed when heparin treatment resulted in increased serum granulysin levels (P = 0.0086, Fig. 2).

Discussion
In this study, we observed that serum granulysin levels were higher in women positive for aPLs, especially
anti-PE antibodies, and that heparin treatment signi�cantly decreased serum granulysin levels. The
miscarriage rate was signi�cantly lower in women whose serum granulysin levels were reduced by
heparin treatment, indicating that heparin reduces granulysin levels to prevent miscarriage. In this study,
the mechanism by which heparin regulated granulysin levels remained unknown.

Although heparin primarily exerts antithrombotic effects [32, 33], it is also reported to exert an apoptotic
effect on the placenta and villi [34, 35] and a suppressive effect on complement activation [9]. In recent
years, heparin has also been shown to alter the con�guration of high mobility group box 1 (HMGB1) by
inhibiting its binding to the receptor of advanced glycation end products [36, 37], suppressing binding to
toll-like receptors (TLR4), and suppressing in�ammatory signals from TLR4 [38–40] on APCs. HMGB1 is
an alarmin that is secreted by necrotic cells or passively secreted by immune cells into the extracellular
matrix. It activates APCs, including DCs, as well as granulysin [41]. It acts as a damage-associated
molecular pattern and induces pre-in�ammatory responses [17]. HMGB1 expression is increased in
patients with APS [42] as well as in individuals with RPL of unknown etiology [43]. These �ndings and our
results indicate that heparin may block the binding of HMGB1 to its receptor and suppress the production
of granulysin from effector cells. Furthermore, recent studies have revealed that granulysin also acts as
an alarmin leading to the activation of TLR4 on APCs [20]. Therefore, we suspected that heparin may
suppress the immunostimulatory effects of HMGB1 and granulysin.

It is unclear why granulysin levels were not correlated with NK cell activity in the present study. In general,
granulysin is produced by CTLs as well as NK and NKT cells. Indeed, we observed that the production of
cytotoxic factors (perforin and granzyme) by uterine NKT cells was signi�cantly higher than that by
uterine NK cells observed in our previous study [44]. Therefore, NK cell activation may not have decreased
in response to heparin treatment because granulysin was produced by NK cells as well as CTLs and NKT
cells. It is also unclear why granulysin levels were not correlated with the Th1/Th2 ratio in the present
study. The Th1/Th2 ratio is used to evaluate interferon gamma (IFN-γ) levels (corresponding to Th1) and
interleukin (IL)-4 levels (corresponding to Th2). However, it is not only IFN-γ that is involved in Th1 but
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also other cytokines such as IL-12, tumor necrosis factor-α, and IL-2 [45]. Since Th2 cytokines are also
associated with IL-10 and IL-13 expression in addition to IL4 expression [46], their levels cannot be simply
evaluated by the Th1/Th2 ratio. In addition, since Th17 and regulatory T cells also share a complex
association [47], it is necessary to investigate the correlation between various cytokines and granulysin in
future studies. In this study, we analyzed the NK cell activity and Th1/Th2 ratio in the peripheral blood of
patients. In our previous study, we observed the elevation in the levels of cytotoxic granules and
in�ammatory cytokines, such as IL-2 and IL-12, as well as in the levels of perforin and granzyme B, at the
implantation site rather than systemically in murine miscarriage induced by α-galactosylceramide (α-
GalCer) [48]. Nakashima et al. also reported that granulysin produced by uterine NK cells induces the
apoptosis of extravillous trophoblasts [25], and 85% of NK cells in the decidua of the uterus contain
granulysin, which is twice the proportion observed in the periphery [49]. In future, it will be necessary to
investigate local changes in these cells in aPL-positive patients.

We previously reported that activated DCs take up α-GalCer and activate NKT cells via CD1d and IL-12,
which results in a miscarriage [48]. In this study, the abundance of uterine NKT cells was observed to
increase after miscarriage. These cells express multiple cytokines, such as IL-2 and IFN-γ, along with
perforin and granzyme, at high levels. However, the actual effector has not been identi�ed. NKT cells
produce granulysin [11], which has been reported to induce miscarriage [26]. Therefore, α-GalCer-induced
sterile in�ammatory miscarriage may be associated with granulysin expression. The alarmin activity of
granulysin [15] may also play a role in this. Alarmins stimulate APCs, and granulysin, which is present at
high levels in patients with APS (especially those who test positive for anti-PE antibodies), activates PRR-
expressing DCs, which may further enhance granulysin secretion by NKT cells, NK cells, and CTLs, and
eventually induce miscarriage via its direct effect on apoptosis.

In an earlier study, patients with APS who tested positive for anti-PE antibody showed high granulysin
levels, and when this persisted for more than 12 weeks, the miscarriage rate was found to be high [50]. PE
is an anti-in�ammatory lipid [51]; therefore, anti-PE antibody-positive patients may show higher levels of
in�ammation, increased immune activity (including granulysin production), and a higher risk of
miscarriage. Further research will be required to investigate this.

Serum granulysin concentration may be useful as a clinical marker for RPL. In our study, if heparin
treatment reduced serum granulysin levels, the miscarriage rate was found to be lower than if the levels
increased. PE antibody-positive patients had high granulysin levels; therefore, it is possible that
granulysin is high in “seronegative” APS. In future studies, we intend to evaluate the effects of granulysin
on seronegative APS, for which no treatment has been established, and test the effectiveness of heparin.

Preimplantation genetic testing for aneuploidy is being increasingly performed on patients with RPL,
which has helped reduce the proportion of miscarriages of unknown etiologies. However, cases of
recurrent miscarriage of unknown etiology continue to be reported, including some cases caused by
immunological abnormalities. We have already reported the involvement of anti-C9 antibodies in patients
of unknown etiology of recurrent miscarriage [52]. In future, we intend to increase the number of
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granulysin measurements recorded, establish key clinical thresholds, appropriately identify patients who
require heparin, and treat them to reduce the risk of miscarriage. A limitation of this study is its relatively
small sample size, which precluded the investigation of anti-β2GPI antibodies or other APS-related
antibodies. We intend to increase the sample size in future studies and examine the associations
between serum granulysin levels and multiple antibodies.

Conclusion
Serum granulysin levels upregulated in aPL-positive patients were downregulated in response to heparin
treatment. This suggests that aPLs are associated with the immune system, and heparin plays a role in
inhibiting the immune response.

Abbreviations
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Figure 1

Changes in serum granulysin concentration for the patients with RPL. Serum granulysin concentration
was assayed using ELISA. (a) Serum granulysin levels for the patients treated with combination therapy
of aspirin and heparin were measured before and 1 week after the initiation of heparin treatment (n = 32).
(b) Serum granulysin levels for the patients treated with aspirin alone (n = 30). The gestational age of
sampling is the same as in the aspirin heparin combination therapy group. ***P <0.001: Paired t-test
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Figure 2

Pregnancy outcome strati�ed by granulysin levels after heparin treatment. **P <0.05; Fisher’s exact
probability test
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