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 Abstract  

Objectives: Estimation of serum levels of tumor necrosis factor-α (TNF-α), interleukin (IL-) 6 and 

10 and alpha-1 antitrypsin (AAT) in pregnant women with current pregnancy loss (CPL) and non -

pregnant women with history of recurrent PL (RPL) compared versus women with normal 

pregnancy (NP). Patients & Methods : All studied women underwent clinical and vaginal 

ultrasonographic examination for assurance of inclusion criteria and then gave blood samples for 

ELISA estimation of studied parameters. Results: Patients of CPL and RPL groups showed 

significantly high serum TNF-α and IL-6 levels with significantly lower serum IL-10 levels than 

women of NP group with significant difference between CPL and RPL groups. Serum AAT 

levels were significantly lower in CPL group than RPL and NP groups with significantly lower 

levels in RPL than NP group. High serum TNF-α and low AAT levels showed high positive 

predictive value (PPV) and sensitivity, respectively, for possibility of presence or recurrence of 

PL. Conclusion: Disturbed serum levels of pro- and anti-inflammatory cytokines could diagnose 

CPL with high PPV and persistence of their disturbed levels may predispose to RPL. Activation 

of primary phase reactant system may underlie, accompany or initiate PL, so low serum AAT 

during 1
st

 trimester and its persistently low serum levels during inter-pregnancy intervals could be 

used as screening test for presence or liability for development of PL. 
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Introduction  

  Recurrent pregnancy loss (RPL), commonly 

defined as 3 consecutive losses at <10 weeks 

gestation, affects up to 5% of couples (1). The 

medical evaluation of RPL is mainly focused on 

maternal factors (2). Well-accepted causes include 

uterine malformation, antiphospholipid syndrome, 

and parental chromosomal abnormalities; however, 

up to 75% of RPL cases are idiopathic (1). 

  Successful pregnancy relies on the accurate 

regulation of the maternal-fetal immune system, 

without enough tolerance in the uterine 

microenvironment, the mother and fetus could not 

peacefully coexist (3). Balanced immune 

responses are required for the maintenance of 

successful pregnancy and innate immune 

disturbances may be responsible for some adverse 

pregnancy outcomes including recurrent 

spontaneous abortion (4). 

Regulatory T cells and T helper 17 cells are two 

distinct subsets of CD4+ T cells, which are 

mutually antagonistic in the immune response, but 

their dysregulation may play a role in pathogenesis 

of unexplained recurrent spontaneous abortion (5). 

Moreover, limited information is available on the 

balance state of pro- and anti-inflammatory 

cytokines in patients with recurrent implantation 

failure (6). 

Alpha-1 antitrypsin (AAT) is a glycoprotein, 

serine protease inhibitor that is abundant in plasma 

(7). AAT is the prototypical protease inhibitor 

from the serine protease inhibitor superfamily that 

protects tissues from proteolytic damage (8). AAT 

exhibits immunomodulatory properties in several 

T-cell-dependent immune pathologies (9). AAT 

molecule is predominantly produced in the liver 

(10), but was produced locally by human amniotic 

epithelial cells (11). AAT rises during acute phase 

responses and healthy pregnancies (9). AAT in the 

amnion may function as a protective shield at 

inflammatory sites, and it loses its inhibitory 

activity in cases with preterm premature rupture of 

the membranes possibly by oxidation (12). 

Moreover,  

Hypothesis  

The hypothesis of the study is that disturbed pro-

inflammatory/anti-inflammatory relationship may 

underlie pathogenesis of RPL with a possible role 

of primary phase reactants for induction of 1st 

trimester RPL.  

Objectives  

Evaluation of serum levels of tumor necrosis 

factor-α (TNF-α), interleukin (IL-) 6 and 10 and 

alpha-1 antitrypsin (AAT) in pregnant women with 

current pregnancy loss (CPL) and non-pregnant 

women with history of RPL compared versus 

women with normal pregnancy (NP). 

Setting 

University hospital, Benha, Egypt 

Design 

Prospective comparative double-blinded study 

Patients & Methods 

 The current study was conducted at 

Obstetrics & Gynecology and Clinical Pathology 

departments since Jan 2015 till Aug 2016. The 

study protocol was approved by the Local Ethical 

Committee. Patients were enrolled in the study 

after singing a written fully informed consent for 
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study precipitation and giving required blood 

samples.  

   The study included pregnant women with history 

of 1st trimester RPL, had no living children and 

diagnosed as having current spontaneous abortion 

(CPL group), pregnant women of cross-matched 

gestational age (GA), had no history of RPL and 

had at least one living child (NP group) and 

women with history of 1st trimester RPL, had no 

living children but had no current pregnancy at 

time of enrolment in the study (RPL group). 

Current pregnancy loss (CPL) was defined 

according to Jurkovic et al. (13) as the loss of a 

pregnancy before 24 weeks of gestation, 

irrespective of occurring early (≤12 weeks) or late 

(13-24 weeks).  

All women suspected to fulfill the inclusion 

criteria had full clinical examination for 

determination of demographic data, previous 

obstetric history, data of the current pregnancy and 

then subjected transvaginal ultrasonography 

(TVU) to ascertain the inclusion criteria for each 

group, determination of the exact GA and presence 

of normal fetal cardiac activity for women of NP 

group.  

  Exclusion criteria included presence multiple 

gestation pregnancy, presence of anatomical 

abnormalities or autoimmune diseases inducing 

RPL, or failure to detect pregnancy sac, 

determination of GA on TVU. All women missed 

any of inclusion criterion were also excluded from 

the study. 

Blood sampling 

   All study participants gave 5 ml blood sample 

that was withdrawn under complete aseptic 

conditions, allowed to clot and then centrifuged at 

3000 rpm for 10 minutes to separate serum that 

was collected in sterile Eppendorf tube and stores 

at -80oC till be assayed. Blood samples were 

collected and numbered by a lab assistant who was 

blinded about diagnosis. 

 

Laboratory investigations 

   Serum levels of IL10, IL-6 and TNF-α were 

measured using enzyme linked immunosorbent 

assay (ELISA) kits according to the manufacturer's 

instructions and were read using a 96 well 

microplate ELISA reader (Dynatech MR 7000). 

1- Serum IL-10 was measured using an ELISA 

kit from Milenia®, DPC Biermann, Bad Nauheim; 

Germany (14). 

2- Serum IL-6 (15) and TNF-α (16) levels were 

measured with an ELISA kit from Pelikine™ Inc., 

Concord, USA. 

3- Serum AAT was measured with an ELISA kit 

from Abcam, USA (17). 

Statistical analysis  

Obtained data were presented as mean±SD, 

ranges, numbers and percentages. Results were 

analyzed using One-way ANOVA with post-hoc 

Tukey HSD Test and Chi-square test (X2 test). 

Sensitivity & positive predictive value (PPV; 1-

specificity) of estimated parameters as predictors 

were evaluated using the receiver operating 

characteristic (ROC) curve analysis judged by the 

area under the curve (AUC) compared versus the 

null hypothesis that AUC=0.05. Regression 

analysis (Stepwise method) was used for 

stratification of studied parameters as specific 
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predictors. Statistical analysis was conducted using 

the SPSS (Version 15, 2006) for Windows 

statistical package. P value <0.05 was considered 

statistically significant 

Results 

   The study included 90 women; 30 in each group. 

Patients' enrolment data showed non-significant 

difference between the three groups (Table 1). 

   Pregnant women with CPL or non-pregnant 

women with previous RPL showed significantly 

disturbed serum levels of estimated pro-

inflammatory and anti-inflammatory cytokines 

with a more pronounced disturbance in patients of 

CPL group than women of RPL group. Moreover, 

serum AAT levels were significantly lower in 

patients with CPL than patients of other groups 

with significantly lower levels in patients with past 

history of RPL (Table 2). 

 

 
 

Table (1): Demographic and clinical data of studied women 
 

Data  NP group (n=30) CPL group (n=30) RPL group 

(n=30) 

Age (years) 26.5±3.7 26.7±2.9 27.4±4.3 

BMI data Weight (kg) 75.4±14.3 74.3±9.4 76.9±12.9 

Height (cm) 165.8±3.4 166±2.5 166±3.4 

BMI (kg/m
2
) 27.4±5.1 26.7±3.5 27.9±4.6 

Gestational age (weeks) 9.9±1.7 10.4±1.6 0 

Gravidity  3.4±0.6 2.9±1 2.8±0.8 

Parity  2.6±0.9 0 0 
Data are presented as mean±SD; NP group included women with current normal pregnancy; CPL group included women with current 

spontaneous abortion; RPL group included non-pregnant women with history of recurrent pregnancy loss; BMI: Body mass index; 

p>0.05 indicates non-significant difference 

 

Table (2): Mean serum levels of parameters estimated in studied women 
 

                                     Group 

Parameter  

NP group (n=30) CPL group (n=30) RPL group 

(n=30) 

Serum TNF-α Level 3.18±1.25 7.91±4.17 5.11±3.17 

P1  =0.001 0.048 

P2   0.0022 

Serum IL-6 Level 16.9±4.12 23.61±6 20.43±5 

P1  =0.001 0.024 

P2   0.047 

Serum IL-10 Level 27.25±10.1 17.16±4.52 21.81±6.69 

P1  =0.001 0.016 

P2   0.046 

Serum AAT Level 2.17±0.5 1.75±0.35 2.08±0.51 

P1  =0.0019 0.682 

P2   0.021 

Data are presented as mean±SD; NP group included women with current normal pregnancy; CPL group included women with current 

spontaneous abortion; RPL group included non-pregnant women with history of recurrent pregnancy loss; TNF-α: Tumor necrosis 

factor-α; IL-6: Interleukin-6; IL-10: Interleukin-10; AAT: α1 antitrypsin; P1 indicates significance versus NP group; P2 indicates 

significance versus SA group; p<0.05 indicates significant difference; p>0.05 indicates non-significant difference 
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Table (3): ROC curve analysis for estimated serum parameters as predictors for pregnancy loss as current 

or recurrent among studied women 
 

Purpose Prediction of current PL Prediction of RPL  Prediction for liability for 

RPL 

Parameter AUC p IC AUC p IC AUC p IC 

Serum 

TNF-α 

0.808 0.0008 0699-

0917 

0.688 0.012 0.554-

0.823 

0.717 0.004 0.587-

0.847 

Serum 

AAT 

0.172 0.0007 0.071-

0.272 

0.324 0.019 0.188-

0.460 

0.288 0.005 0.159-

0.417 

Serum IL-

6 

0.836 0.0008 0.731-

0.356 

0.627 0.092 0.479-

0.775 

0.652 0.044 0.512-

0.791 

Serum IL-

10 

0.234 0.0006 0.113-

0.356 

0.452 0.525 0.300-

0.604 

0.313 0.013 0.178-

0.447 

AUC: Area under curve; CI: Confidence interval; TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6; IL-10: Interleukin-10; AAT: 

α1 antitrypsin; p<0.05 indicates significant difference; p>0.05 indicates non-significant difference 
 

 

Table (4): Regression analysis for estimated serum parameters as predictors for pregnancy loss as current or 

recurrent among studied women 
 

 Statistical 

model  

Model 1 Model 2 Model 3 Model 4 

Parameter  β P β P β P β P 

Serum TNF-α 0.400 0.0009 0.477 0.0007 0.520 0.0007 0.615 0.0004 

Serum AAT -0340 0.0008 -0.389 0.0008 -0.435 0.0007   

Serum IL-10 -0.242 0.004 -0.267 0.003     

Serum IL-6 0.226 0.014       

β: Standardized coefficient; TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6; IL-10: Interleukin-10; AAT: α1 antitrypsin; p<0.05 
indicates significant difference; p>0.05 indicates non-significant difference 

 

 
 

 

 

 

 

 

 

 

Fig. (1): ROC curve analysis of studied 

parameters for di fferentiation between women 

with NP and CPL  

 

Fig. (2): ROC curve analysis of studied 

parameters for di fferentiation between women 

with NP and RPL 
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Fig. (3): ROC curve analysis of studied parameters for differentiation between women with RPL and CPL 

 

 

   Statistical analysis using ROC curve for estimated 

serum parameters for differentiation between 

studied women defined low serum AAT as a 

significant sensitive parameter for differentiation 

between women with current RPL out of women 

had normal pregnancy (Fig. 1) and non-pregnant 

women with past history of RPL (Fig. 2) and for 

differentiation between women with past-history of 

RPL and normal pregnant women (Fig. 3); so could 

be used as screening test for presence or liability for 

development of RPL. On the other hand, high 

serum levels of TNF-α could differentiate between 

women with presence or liability to have RPL out 

of women with normal pregnancy with high 

positive predictive value, (Tables 3).  

 

Regression analysis of estimated parameters for 

prediction of CPL or liability developing RPL 

defined serum TNF-α as a specific predictor with 

persistent significance through the conducted 

analytical models and serum AAT as a sensitive 

predictor with persistent significance through the 

conducted analytical models (Table 4).  

Discussion 

   Patients with current pregnancy loss (CPL) or 

past history of recurrent PL (RPL) showed 

significantly high serum TNF-α and IL-6 levels 

with significantly lower serum IL-10 levels than 

normal pregnant (NP) women with significant 

difference between women of both CPL and RPL 

groups. These findings spot light on a possible role 

for disturbed immune milieu in pathogenesis of PL 

and persistent disturbances may underlie the 

phenomenon of recurrence.  

In line with these data Liang et al., (6) found the 

ratios of pro-inflammatory and anti-inflammatory 

cytokines IL-6/IL-10 and TNF-α/TGF-β1 were 

higher in women had recurrent implantation failure 

(RIF) after IVF/intracytoplasmic sperm injection-

embryo transfer, thus suggesting a shift toward a 

pro-inflammatory state in peripheral blood of the 

patients with RIF. Galgani et al. (18) documented 
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that women with recurrent miscarriage (RM) and 

RIF showed an increase of circulating pro-

inflammatory cytokines, altered endometrial T 

lymphocytes subsets, and signs of endometrial 

endoplasmic reticulum stress. Also, Ozkan et al. 

(19) detected a significantly high TNF-α/IL-10, 

TNF-α/IL-4 and concluded that increased Th1/Th2 

cytokine ratios in RPL cases pointed to suppression 

of anti-inflammatory process that might play an 

important role in the pathogenesis of idiopathic 

RPL. Recently, Zhang et al. (20) found baseline 

TNF-α levels were higher in patients with recurrent 

spontaneous abortion than in controls.   

Moreover, high serum TNF-α showed high AUC in 

ROC curve analysis for  prediction of presence or 

possibility of recurrence of PL, thus indicating a 

high positive predictive value for high serum TNF-

α for a possibility of PL in a woman had recurrent 

attack. Similarly, Lee et al. (21) found TNF-α(+) 

Th1 cells and Th1/Th2 cell ratio were highly 

specific for RPL with AUC =0.681 and 0.660, 

respectively. 

In support of the role of disturbed immune milieu in 

pathogenesis and/or recurrence of PL, Talukdar et 

al. (22) detected significantly decreased percentage 

of Th1 cells with significantly decreased levels of 

IFN-γ and TNF-α in the culture supernatant of 

peripheral blood mononuclear cell (PBMC) from 

RPL women and treated in vitro with CoQ10 than 

in untreated cells and attributed this effect to the 

capability of CoQ10 in reducing oxidative stress by 

decreasing reactive oxygen species production. 

Also, Ota et al. (23) experimentally detected 

significantly decreased Toll-like receptor-4 (TLR4) 

expression on natural killer (NK) cells and 

significantly reduced production of TNF-α and 

IFN-γ on incubation of NK cells of RPL women 

with di-hydroxy vitamin D3 through interference 

with nuclear factor-κB. Clinically, Ohams et al. 

(24) found administration of blockers of 

phosphodiesterase type 5 or TNF-α blockers before 

conception seems to be a promising future therapy 

of immune-dependent RM. Recently, Nasiri & 

Rasti (25) and Rasti et al., (26) indicated that 

polymorphisms of cytotoxic T-lymphocyte-

associated protein 4 and IL-6 genes (24) and 

promoter polymorphism (-634C/G) of the IL-6 

gene (25) are likely to influence the individual 

susceptibility to RPL. 

Serum levels of AAT, a primary phase reactant 

with immunomodulatory properties (9), were 

significantly lower in patients with CPL than NP 

women and non-pregnant women with RPL. 

Moreover, serum AAT levels estimated in women 

of RPL group were significantly lower levels than 

women of NP group. These findings indicated a 

role of AAT in maintenance of normal immune 

balance in uterine microenvironment and a possible 

role for disturbed AAT level in induction and/or 

recurrence of pregnancy-related disorders. In 

support of this assumption, statistical analyses 

defined low serum AAT as a significant sensitive 

parameter for differentiation between women with 

current or previous RPL among pregnant women; 

so could be used as screening test for presence of or 

liability for development of RPL.  

The reported data and provided assumptions go in 

hand with previous studies evaluated a possible role 

for AAT in pathogenesis of pregnancy-related 

disorders, where Twina et al. (27) found AAT 

levels were about 2 fold lower in the pre-eclampsia 

(PE) women compared to healthy women and 
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correlated with protease inhibitory capacity and 

Feng et al. (28) reported that the peripheral AAT 

content was the highest in the normal full-

term pregnancy, moderate in early-onset PE, and 

lowest in late-onset LS-PE women. Madar et al. 

(29) found AAT levels were lower in both recurrent 

and sporadic SA patients compared with healthy 

pregnancies and reduced AAT levels correlated 

with elevated pro-inflammatory cytokines. Hsu et 

al. (30) reported that immunoassays in serum 

samples of women with severe PE showed that 

serum AAT, α1-microglobulin, and clusterin levels 

of were significantly higher than in normal 

pregnant women.  

Recently, Hsu et al. (31) reported that five proteins 

including AAT may be involved in the 

pathogenesis of amniotic fluid of Edwards 

Syndrome. Also, Kononikhin et al. (32) studied a 

total of 1786 peptides in urine of 30 women with 

mild to severe PE and identified AAT, collagen α-

1(I) and (III) chains, and uromodulin as peptides 

that can potentially serve as early indicators of PE. 

Moreover, Feng et al. (33) suggested that 

exogenous AAT injection increases the antioxidants 

and suppresses oxidative stress, and subsequent 

prevention of PE development through inactivation 

of signal transducer and activator of transcription 

1/p38 signaling. 

 Conclusion 

High serum pro-inflammatory with low serum anti-

inflammatory cytokines levels could diagnose 

current pregnancy loss with high PPV and 

persistence of their disturbed levels may predispose 

to RPL. Activation of primary phase reactant 

system may underlie, accompany or initiate PL, so 

low serum AAT during 1st trimester and its 

persistently low serum levels during inter-

pregnancy intervals could be used as screening test 

for presence or liability for development of PL.  
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