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Abstract 
Objective: To determine the levels and isotypes of aCl, as well as anti beta 2 glycoprotein 1 (antiβ2- 
GP1) antibodies in serum and amniotic fluid of pregnant patients with SLE and/or APLS, and 
healthy pregnant women serving as a control group. Material and Methods: We analyzed serum 
and amniotic fluid of pregnant patients with SLE and/or APLS, and of healthy pregnant women 
through ELISA. Results were compared using a Student’s T test. Results: 6 of 13 patients (46.1%), 5 
with SLE and one with primary APLS had antiphospholipid antibodies in amniotic fluid. Two pa-
tients had IgG aCl and 4 patients had antiβ2-GP1 (one of them also showing IgM) in amniotic fluid. 
In serum, 4 patients (30%) had antiphospholipid antibodies present (one IgG aCl and three anti 
β2-GP1) as opposed to none in the control group having antiphospholipid antibodies in amniotic 
fluid. Only one control had IgM aCl in serum. Antiβ2-GP1 in the amniotic fluid of patients showed a 
statistically significant value when compared to controls. Conclusion: aCl and antiβ2-GP1 may be 
present in the amniotic fluid of patients with and without a history of fetal loss. The presence of 
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IgM aCl and antiβ2-GP1 in amniotic fluid suggests its localized production. 
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1. Background  
The presence of anticardiolipin antibodies (aCl) in maternal serum has been linked with recurrent fetal loss and 
adverse neonatal outcomes such as intrauterine growth retardation. These complications are associated to pla-
cental insufficiency and seem to be the consequence of the interaction between antiphospholipid antibodies and 
the placental tissue [1].  

Among the resulting damage inflicted by these antibodies are decidual vasculopathy, placental vessel throm-
bosis and placental infarction [2]. It has been suggested [3] that aCl are responsible for intrauterine stroke or 
neonatal convulsions [4]. These authors have suggested that immunoglobulin G (IgG) crosses the placental bar-
rier and reaches the fetal circulation and can be the cause of thrombosis in the fetus.  

The presence of maternal aCl in amniotic fluid (AF) and umbilical cord blood of babies whose mothers have 
antiphospholipid antibody syndrome has been demonstrated (APS) [5], although no other antibodies are docu-
mented, for instance anti beta 2 glycoprotein 1 (antiβ2-GP1) antibodies, a protein that is importantly involved in 
the pathogenesis of APS.  

Other authors [6] have not found complications arising from the presence of these antibodies in the products 
of mothers with APS. By studying the isotypes of aCL and searching for antiβ2-GP1 the pathogenic mechanisms 
that lead to the elevated perinatal morbidity of patients with these antibodies during pregnancy (patients with 
Systemic Lupus Erythematosus SLE or APS) may be further elucidated. 

The objective of this study was to determine the levels and isotype of aCL as well as antiβ2-GP1 in serum and 
AF of pregnant patients with SLE and/or APS, comparing them to a control population.  

2. Material and Methods 
We performed a case-control study in which we obtained at least two and up to five serum and AF samples from 
pregnant patients with SLE, APS, or both, classified according to the American Rheumatology Association [7] 
criteria and the APS [7] 1997 criteria respectively (which require both a clinical as well as a biochemical crite-
rion in order to be adequately classified), with a gestational age between 14 and 38 weeks. As a control group 
we obtained the sera and AF samples from a group of healthy pregnant women with similar demographic cha-
racteristics, matched for age in order to reduce bias.  

All patients were receiving attention at the Clinic for Rheumatic Disease and Pregnancy at the department of 
Rheumatology Centro Médico Nacional La Raza. At the clinic we performed a clinical history of each patient, a 
detailed physical exploration, as well as making sure that an experienced perinatologist at the hospital obstetrics 
department follows every patient. During pregnancy patients are evaluated every four weeks and once after the 
obstetric event. During each visit we perform routine laboratory tests (complete blood count, blood chemistry 
and urine exam) as well as those laboratory tests that are deemed necessary according to each case. 

The patients past medical history, family history and obstetrical history as well as the length of SLE or APS 
and its disease activity status and treatment are determined and reviewed during each patient visit, with data in-
cluded into the patient file databank.  

Alter obtaining informed consent we drew serum samples by peripheral vein puncture. After centrifuging, the 
serum samples were frozen at −70˚C. Determination of aCL (IgG and IgM isotypes) as well as antiβ2-GP1 (IgG) 
in serum and AF was performed by indirect ELISA (Santa Cruz Biotech, CA, USA) at a central laboratory by 
one of the researchers (IGT). Briefly, indirect ELISA consists of a buffered solution with a specific antigen 
bound to a microtiter plate to which the problem sera (and in our case, AF) is added, binding to the antigen, and 
then a secondary antibody is added which binds to the problem antibody, revealing it by means of an enzymatic 
reaction.  

AF was obtained through an ultrasound-guided amnioscentesis, using a sterile technique, by one of the re-
searchers (CS), a board-certified obstetrician training in perinatology. Samples were stored at −70˚ until pro- 
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cessing. There were no complications due to the procedure. In the case of control AF samples, most were ob-
tained by amniotomy performed previous to the cesarean section by the obstetrician, maintaining a sterile tech-
nique, and also stored at −70˚. It must be mentioned that all cesarean sections in controls were performed due to 
obstetric indications and were elective. Once all samples were collected, these were also analyzed using indirect 
ELISA at the central laboratory. Both in the case of serum as in the case of amniotic fluid, samples were trans-
ported maintaining a cold-chain through the use of dry ice. Assays, both for sera as well as AF, were all per-
formed in triplicate. 

The reference values used were the following: Serum, aCl IgG >15 GPL, aCl IgM > 12.5 MPL and antiβ2- 
GPI < 20 UI, AF, aCl IgG > 23 GPL, aCl IgM > 11 MPL, antiβ2GPI < 20 UI. The former are based on the stan-
dardized reference values used by our laboratory and the latter were established in an arbitrary manner.  

The hospital ethics board reviewed and approved the study protocol prior to its execution. The sample size 
was established by convenience due to the difficulty in obtaining amniotic fluid samples from patients. Descrip-
tive statistical analysis was employed. Although the design was that of a case-control study, we determined 
means and Standard Deviations of the different variables, and applied the Student T’s test for the comparison of 
the results obtained between patients and control subjects. A value of p equal or under 0.005 was considered 
significant.  

3. Results 
A total of 28 samples of each serum and amniotic fluid were analyzed, obtained from 13 patients (10 with SLE 
and 3 with APS) as well as 15 controls. The characteristics of patients are show on Table 1.  

Patients with PAPS did not have any thrombotic or obstetric problems during their pregnancy. Eleven patients 
had a cesarean section, the indication being preeclampsia in 2 of them, previous cesarean section in 2, cephalo-
pelvic disproportion in 2, premature membrane rupture in 2, fetal hypomotility in one, circular umbilical cord in 
1, acute fetal distress in one and no clear indication in another. All controls underwent a cesarean section be-
cause of obstetric or elective motives. The levels and isotypes of aCL, both in serum as in amniotic fluid of pa-
tients with rheumatic disease and of controls are shown in Table 2. The levels of antiβ2-GP1 in serum and am-
niotic fluid of patients and controls are shown in Table 3. Table 4 compares antibody titers between patients 
and controls. 

 
Table 1. General characteristics of patients and controls.                                            

Characteristic Patients Controls 
Age 

SLE activity 
Gestational age at sampling 

Gestational age at birth 
Mode of pregnancy termination 

Previous fetal loss 

28.8 ± 7.6 (r = 20 − 42) 
6 patients 

24.8 ± 7.4 (r = 14 − 36) 
37.2 ± 1.9 (r = 32 − 39) 

2 Natural birth, 11 Cesarean section 
5 

28.4 ± 7.5 (r = 21 − 38) 
NA 

38.7 ± (r = 38 − 40) 
38.7 ± 0.70 (r = 38 − 40) 

15 Cesarean section 
1 

 
Table 2. Levels and isotypes of aCL in patients and controls.                                        

 
Patient sera Patient AF Control sera Control AF 

IgG IgM IgG IgM IgG IgM IgG IgM 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

13.2 
4.4 
4.7 
11.9 
7.5 
6.1 
8 
1 

10.3 
10.8 
10.8 

1 
9.1 

9.6 
9.3 
10 
8.2 
3.9 
9.2 
4.7 
0.7 
7.4 
3.4 
14.1 
17.1 
13.1 

8.7 
11 
8 
12 
11 
7.8 
3.4 
7.5 
40.5 
7.2 
14.1 
17.1 
13.1 

0.9 
1.13 
0.4 
0.7 
0.4 
1.3 
0.4 
0.4 
35.1 
0.7 
0.68 
0.5 
3.2 

12.8 
12.7 
14.9 
8.3 
11.6 
12.1 
30.9 
4.4 
7.2 
8.1 
5.8 
6.5 
5.8 

11 
17 

11.2 
6.3 
4.1 
10.2 
5.9 
3.3 
4.5 
7.3 
7 

7.2 
5.1 

8 
5 

12.4 
9.4 
5.6 
5.3 
10.7 
6.3 
11.9 
9.8 
4.1 
7.1 
18.8 

1.3 
1 

0.5 
1 

1.1 
1.2 
2.1 
1.3 
9.6 
1.5 
1 

1.1 
0.5 
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Table 3. Level of anti-β2 glicoproteína 1 (IgG) antibodies in patients and controls.                       

 Patient sera Patient AF Control sera Control AF 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

107 
25.5 
7.7 
1.4 
6.6 
4.1 
12.5 
16.7 
11.5 
25.9 
10.8 
3.4 
2 

79.4 
20 
20 

10.4 
8 

11.8 
16.5 
12 

11.5 
7.6 
5.3 
57.8 
11.5 

2.1 
1.1 
1.2 
1.8 
1.1 
2 

1.8 
1.5 
1.3 
1.5 
2 
2 

2.4 

3.8 
2.1 
2.6 
3.7 
4.2 
2 

6.3 
3.6 
3.8 
4.5 
4 

2.5 
13.9 

 
Table 4. Comparison in antibody levels between patients and controls.                                 

 Patients (n = 13) Controls (n = 15) p 

Serum aCl IgG 7.6 ± 3.9 9.5 ± 7.2 0.23 

Serum aCl IgM 6.0 ± 3.7 6.7 ± 4.2 0.78 

Serum Antiβ2-GP1 18.0 ± 27.8 1.8 ± 0.5 0.01 

AF aCl IgG 12.4 ± 9.1 9.8 ± 5.5 0.48 

AF aCl IgM 3.5 ± 9.5 2.3 ± 3.3 0.23 

AF Antiβ2-GP1 20.9 ± 22.0 4.6 ±2.9 0.005 

 
Two of the patients that had positive antiβ2-GP1 antibodies in AF had a previous fetal loss. Of the 13 patients, 

8 had a preterm delivery (37 weeks or less), although all of the babies survived. Figure 1 and Figure 2 show the 
aCL IgG levels in sera and AF respectively, as well as a comparison between patients and controls.  

Figure 3 and Figure 4 compare the levels of aCL IgM in sera and AF respectively, between patients and con-
trols. It is noteworthy that, in the case of IgM aCl, one patient showed an abnormally high titer. Figure 5 and 
Figure 6 show the comparison between the levels of antiβ2-GP1 in sera and AF respectively, again comparing 
patients with controls. In Table 4 we summarize the comparisons between patients and controls with respect to 
the levels of aCl and antiβ2-GP1, showing the statistical significance (p value) that each comparison attained. 

4. Discussion 

This study describes for the first time the presence of IgG and IgM aCl as well as antiβ2-GP1 IgG, in the amni-
otic fluid of patients with SLE or APS. Among six of the thirteen patients (46.1%), 5 with SLE and one with 
PAPS had antiphospholipid antibodies in their amniotic fluid. Two patients had IgG aCl and 4 patients had 
antiβ2-GP1 (one of them also had aCl IgM) in the AF. In the sera, 4 patients (30%) had positive levels of anti-
phospholipid antibodies (3 antiβ2-GP1 and 1 aCl IgG). In contrast, none of the controls had antiphospholipid 
antibodies in the AF. Only one control had a positive serum aCl IgM. The presence of antiβ2-GP1 in the AF of 
patients reached a statistical significance when compared to controls. 

Two of the patients that had these antibodies in the AF had a previous history of fetal loss, although fortu-
nately during the present pregnancy none had obstetrical complications. These results suggest that the antiphos-
pholipid antibodies, especially antiβ2-GP1 (IgG) cross the placental barrier. The presence of IgM aCl and 
antiβ2-GP1 in the AF with a negative serum value in the same patient suggest local synthesis of these antibodies 
[3] [4]. The mechanism that permits the passage of IgG through the placentae has been described as active 
transport by means of endocytosis, thus explaining why aCL can be found both in the sera and in the AF of these 
patients [5]. Only one study found 54.5% positivity for IgG in AF and 27.3% in the cord blood of patients with  
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Figure 1. Serum IgG aCl (GPL units) of patients with SLE/PAPS vs. controls.              

 

 
Figure 2. Serum IgM aCl (MPL units) of patients with SLE/PAPS vs. controls.              

 

 
Figure 3. AF IgG aCl (GPL units) of patients with SLE/PAPS vs. controls.                     
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Figure 4. AF IgM aCl (MPL units) of patients with SLE/PAPS vs. controls.                 

 

 
Figure 5. Serum antiβ2-GP1 (IU) of patients with SLE/PAPS vs. controls.                   

 

 
Figure 6. AF antiβ2-GP1 (IU) of patients with SLE/PAPS vs. controls.                      
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APS. Nonetheless the aforementioned study did not mention if other isotypes of Ig were found or other antibo-
dies involved in the pathogenesis of fetal loss that accompanied SLE/APS. In the present study we did not find a 
correlation between the serum levels of aCL and their presence in significant amounts in the AF. The meaning 
of these findings is unknown although it is possible that aCL and antiβ2-GP1 play a pathogenic role in the fetal 
loss that accompanies these diseases, as has been described [3] [4]. One possibility is that these antibodies form 
locally due to a stimuli from the trophoblastic phospholipids (also known as aminophospholipids) [8]. These lo-
cally produced antibodies could interact with Annexin V, a placental anticoagulant protein and lead to thrombo-
sis. 

The presence of IgM aCL in the AF of patients with SLE/APS has not been previously described, and is 
probable due to local production, as IgM cannot cross the placental barrier. The clinical meaning of this finding 
is uncertain and more study is needed to clarify it. 

Antiβ2-GP1 antibodies in the AF of patients with SLE/APS probable originate in the maternal circulation (as 
it is IgG). These antibodies play an important role in pathogenesis of thrombosis in APS, but their role in the 
fetal microenvironment as related to fetal morbidity and mortality is still uncertain. Experimental models show 
that these antibodies can be deposited in the placentae, leading to intrauterine growth retardation and placental 
necrosis [9] recently associated with fetal loss. APL antibodies have also been found in tissues such as cerebros-
pinal fluid [10]. 

The limitations of our work are mainly the small number of patients studied and the lack of standardization in 
the AF APL detection techniques. This also makes statistical analysis difficult, albeit this was not primarily a 
part of the design, as it was, from the onset, deemed a case-control study. In the case of serum IgM aCl, controls 
tended to present higher titers than cases, something that we believe seems to be associated with their lack of 
specificity in relation to the accompanying clinical manifestations of APS [11]. In the case of IgM aCl in AF, the 
difference between groups seems to hinge on a single outlier value, another limitation in our analysis, as it 
makes this finding questionable. On the other hand we relieve the results are trustworthy due to the fact that no 
control (normal) pregnancy has levels of APL in their AF over the established baseline. 

There is little study of the amniotic environment in the pregnancies of patients with SLE and APS due to the 
challenges and constrains that both diseases present to patients and physicians alike. Although our study has 
important limitations, making the drawing of conclusions limited, it provides an insight into the local conditions 
that affect pregnancy outcome in these patients.  

5. Conclusion 
In conclusion, both aCl and anti-β2-GP1 can be found in the AF of patients with or without a history of fetal loss; 
the presence of aCl IgM and anti-β2-GP1 in AF suggests trans-placental transfer and/or local production and AF 
aCl, and antiβ2-GP1 cut-off value standardization is needed in order to better study this phenomenon. 
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