
Introduction
Bad obstetric outcomes are considered as major health problem with social and medical impact on society [1]. 
There are many aetiology for bad obstetric outcomes, however, not all are well studies. Infections as a cause 
of bad obstetric history/ outcome [BOH] are well studies globally and nationally in Iraq [2-12]. Autoimmunity 
was suggested to play a role in the pregnancy loss [13]. Cytokines that were induced as response to infections 
and as a sequences of inflammatory processes may play a role in the pathogenesis of BOH. Thus this study was 
conducted to evaluate the role of IL-6, IL-17 and angiopoietin in pregnancy loss in women in Kirkuk, Iraq.
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Abstract:

Background: Bad obstetric outcomes are considered as major health problem with social and medical impact 
on society, with multiple etiology.

Study Design: Descriptive Case Control Study.

Aim: To evaluate the role of IL-6, IL-17 and angiopoietin in pregnancy loss in women in Kirkuk, Iraq.

Materials and Methods: The study included 547 women with BOH and 291 women with normal pregnancy 
outcome. Serological study carried out to determine IL-6, IL-17 and Angiopoietin  using ELISA kits.

Results: IL-6 mean value was without significant difference among women with BOH , women with 
inevitable abortion and control. Pregnant BOH versus pregnant normal pregnancy, Non-pregnant 
BOH versus non-pregnant normal pregnancy, BOH versus normal pregnancy show significant differences in 
IL-6. IL-17 was with significant mean difference among BOH, abortion and normal pregnancy. Also, pregnant 
BOH versus pregnant normal pregnancy, BOH versus normal pregnancy, and abortion versus BOH show 
significant differences in IL-17. Angiopoietin was with significant mean difference among BOH, abortion and 
normal pregnancy. Pregnant BOH versus pregnant normal pregnancy, Non-pregnant BOH versus non-pregnant 
normal pregnancy, BOH versus normal pregnancy show significant differences in angiopoietin.

Conclusion: Angiopoietin -1 appear to be an angiogenic predictive marker for women with bad obstetric 
history. A future study that included Ang-1, Ang-2 combination with others different biomarkers to determine 
their predictive value as a marker of BOH is warranted.
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Materials and Methods
Study Design and Settings
The study design is  a  Descriptive Case Control Study and was performed in Kirkuk General Hospital. The study 
proposal was approved by Tikrit University College of Science ethical committee and Kirkuk Health Authority 
Research Committee. Informed consent taken from each women included in the study.

Study Population
The study population is women with childbearing age. Study population was recruited from Kirkuk General 
Hospital.  A 838 women with age range from 14 to 48 were included in the study. Of the total, 547 women 
were with bad obstetric history (BOH) and 291 women with normal previous pregnancy as control group. The 
demographic information of these groups are shown in Table 1. For serological analysis, 5-10 mL of venous 
blood was collected in a sterile container with strict aseptic precautions from each study subject. The serum 
was separated and stored in numbered aliquots at -20 oC till assayed. All the serum samples collected from the 
study and control groups were tested for IL-6, IL-17 and angiopoietin by commercially- available (ELISA) kits. 
The results read by a Microwell reader and compared in a parallel manner with controls; optical density read 
at 450 nm on an ELISA reader.

Collection of data
All recruited women were subject for clinical examination and laboratory investigations were  carried out for 
the study subjects to exclude other causes of foetal wastage, such as hypertension, diabetes mellitus, syphilis, Rh 
(rhesus) incompatibility, physical causes of abortion, and consanguinity. Subjects with known causes of foetal 
wastage were  excluded from the study. All of them were interviewed to ascertain age, medical and obstetric 
information.

Determination of IL-6, IL-17 and angiopoietin
ELISA was used for determination of IL-6, IL-17 and angiopoietin in serum  and the test was performed according 
to manufacturer instructions. The kits were  purchased from CUSABIO company.

Statistical Analysis
The proportion and the mean value were computed in appropriate situations. The data analysed using the 
SPSS (Version 16).  The study finding data were  presented as mean and student t test and ANOVA were used to 
determine significance of differences between groups.

Results
Interleukin 6
Interleukin 6 (IL-6) mean value was without significant (F=2.39, P>0.05) difference among women with BOH 
(20.79 pg/ml), women with inevitable abortion  (25.11 pg/ml) and control (26.15 pg/ml).  In addition, there 
was no significant difference in IL-6 mean value between pregnant BOH (20.83  pg/ml) and non pregnant BOH 
(20.75 pg/ml). Furthermore, there was no significant difference in mean IL-6 value between pregnant control 
(26.76 pg/ml) and non pregnant control (25.45 pg/ml), as shown in Table (2).                                                                                   

IL-6 mean value was significantly (X2=2.49,P=0.018) lower in pregnant women with BOH (20.83 pg/
ml) as compared to pregnant control (26.76  pg/ml). In addition, the mean IL-6 value was significantly 
(X2=2.23,P=0.027) higher in non pregnant control (25.45 pg/ml) than those non pregnant women with BOH 
(20.75 pg/ml). Furthermore, IL-6 mean value was significantly (X2=3.11,P=0.012) lower in women with BOH 
(20.79 pg/ml) compared to women with normal pregnancy outcome (26.15 pg/ml). However, there was no 
significant (X2=1.43,P>0.05) difference in IL-6 mean value between women with inevitable abortion (25.11 pg/
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ml) and women with BOH (20.79 pg/ml). In addition, IL-6 mean value was not significantly (X2=0.20,P>0.05) 
different in women with inevitable abortion (25.11 pg/ml) compared to those with normal pregnancy 
outcome (26.15 pg/ml), as shown in Table (2).   

Interleukin 17
Interleukin 17 (IL-17) mean value was with significant (F=3.26, P=0.0439) difference among women with BOH 
(127.81 pg/ml), women with inevitable abortion  (88.67 pg/ml) and control (85.65 pg/ml).  In addition, there 
was  a significant difference in IL-17 mean value between pregnant BOH (167.56 pg/ml) and non pregnant BOH 
(88.05 pg/ml). Furthermore, there was no significant difference in mean IL-17 value between pregnant control 
(83.16 pg/ml) and non pregnant control (86.9 pg/ml), as shown in Table(3).                                                                                   

IL-17 mean value was significantly (X2=20.43,P<0.0001) higher in pregnant women with BOH  (167.56 pg/ml) as 
compared to pregnant control (83.16 pg/ml). In addition, IL-17 mean value was significantly (X2=2.089,P=0.04) 
higher in women with BOH (127.81 pg/ml) compared to women with normal pregnancy outcome (85.65 pg/
ml). Furthermore,  there was a significant (X2=1.6,P=0.049) difference in IL-17 mean value between women 
with inevitable abortion (88.67 pg/ml) and women with BOH (127.81 pg/ml). However,  the mean IL-17 value 
was not significantly (X2=0.056,P>0.05)  different between non pregnant control (86.9 pg/ml) and  those non 
pregnant women with BOH (88.05 pg/ml). In addition, IL-17 mean value was not significantly (X2=0.36,P>0.05) 
different in women with inevitable abortion (88.67 pg/ml) compared to those with normal pregnancy outcome 
(85.65 pg/ml), as shown in Table (3).

Angiopoietin
Angiopoietin mean value was with significant (F=4.99, P=0.0089) difference among women with BOH (81.72 
pg/ml), women with inevitable abortion (92.66 pg/ml) and control (100.1 pg/ml).  In addition, there was not 
significant difference in angiopoietin  mean value between pregnant BOH (80.06 pg/ml) and non pregnant BOH 
(83.39 pg/ml). Furthermore, there was not significant difference in mean angiopoietin value between pregnant 
control (98.69 pg/ml) and non pregnant control (101.52 pg/ml), as shown in Table (4).                                                                                   

Angiopoietin  mean value was significantly (X2=2.464,P=0.0393) lower in pregnant women with BOH  (80.06 
pg/ml) as compared to pregnant control (98.69 pg/ml). In addition,  angiopoietin  mean value was significantly 
(X2=369,P=0.0032)  lower in women with BOH (81.72 pg/ml) compared to women with normal pregnancy 
outcome (100.1 pg/ml). Furthermore,  the mean angiopoietin  value was significantly (X2=2.206,P=0374)  
higher  in non pregnant control (101.52 pg/ml) and  those non pregnant women with BOH (83.39 pg/ml). 
However, there was not significant (X2=1.68,P=0.049) difference in angiopoietin  mean value between women 
with inevitable abortion (92.66 pg/ml) and women with BOH (81.72 pg/ml). In addition,  angiopoietin  mean 
value was not significantly (X2=0.97,P>0.05) different in women with inevitable abortion (92.66 pg/ml) 
compared to those with normal pregnancy outcome (100.1 pg/ml), as shown in Table (4).

Table 1. Study population

Group Number Mean age ± SD in years
Women with bad obstetric history Pregnant 292 28.35 ± 7.25

Non pregnant 255 28.24 ± 6.81
Total 547

Women with normal pregnancy Pregnant 140 27.40 ± 6.24
Non pregnant 151 28.06 ± 10.51
Total 291

Grand total 838 28.42 ± 7.72
P value ANOVA                                  NS
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Table 2. Interleukin 6 Mean Value in women with BOH compared to control

Group [Number] Mean ± SD in pg/ml

Bad obstetric history Pregnant [20] 20.83 ± 6.54
Non- pregnant [20] 20.75 ± 5.09
P value NS
Total  [40] 20.79 ± 5.83

Normal pregnancy Pregnant [14] 26.76 ± 7.23
Non- pregnant [14] 25.45 ± 6.94
P value NS
Total  [28] 26.15 ± 7.24

Abortion Inevitable [20] 25.11± 17.78
F or X2 P

P

ANOVA 2.39 NS
Pregnant  BOH versus pregnant Normal pregnancy 2.492 0.018
Non- pregnant BOH versus Non-pregnant normal pregnancy 2.2359 0.027
BOH versus Normal pregnancy 3.11 0.012
Abortion versus BOH 1.428 NS
Abortion versus Normal pregnancy 0.2033 NS

Table 3. Interleukin 17 mean value in women with BOH compared to control

Group [Number] Mean ± SD in pg/ml

Bad obstetric history Pregnant [20] 167.56 ±113.22
Non- pregnant [20] 88.05 ± 40.62
P value 0.014
Total  [40] 127.81± 85.22 

Normal pregnancy Pregnant [14] 83.16 ± 26.71
Non- pregnant [14] 86.90 ± 24.54
P value NS
Total  [28] 85.65 ±   25.3

Abortion Inevitable [20] 88.67± 23.18

F or X2 P

P

ANOVA 3.26 0.0439

Pregnant  BOH versus pregnant Normal pregnancy 20.43 <0.0001

Non- pregnant BOH versus Non-pregnant normal pregnancy 0.056 NS

BOH versus Normal pregnancy 2.089 0.04

Abortion versus BOH 1.6 0.049

Abortion versus Normal pregnancy 0.367 NS
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Table 4.  Angiopoietin mean value in women with BOH compared to control

Group [Number] Mean ± SD in pg/ml
Bad obstetric history Pregnant [20] 80.06 ± 23.68

Non- pregnant [20] 83.39 ±16.35
P value NS
Total  [40] 81.72 ± 20.16

Normal pregnancy Pregnant [14] 98.69 ± 26.53
Non- pregnant [14] 101.52 ± 31.98
P value NS
Total  [28] 100.1± 29.39

Abortion Inevitable [20] 92.66 ± 29.56
F or X2 P

P

ANOVA 4.99 0.0089
Pregnant  BOH versus pregnant Normal pregnancy 2.464 0.0393
Non- pregnant BOH versus Non-pregnant normal pregnancy 2.206 0.0374
BOH versus Normal pregnancy 3.269 0.0032
Abortion versus BOH 1.6888 NS
Abortion versus Normal pregnancy 0.97 NS

Discussion
Interleukin -6 (IL-6)

Pregnancy outcome is under the influence of cytokines present in maternal blood [14]. Successful pregnancy 
was associated with Th-2 cytokines, while poor pregnancy outcome  was associated with Th-1 cytokines [15]. 
Immune system and non- immune cells produced IL-6 which is multifunctional Th-2 cytokine, the role of IL-6 
and its predictivity in successful pregnancy is unclear. However, reported studies suggest its positive role in 
normal pregnancy outcome [16].. IL-6 is considered to be a proinflammatory cytokine, reported that intrauterine 
infection, preterm premature rupture of the membrane, and prematurity as pregnancy complications  were 
associated with increased IL-6 levels in amniotic fluid, placenta and deciduas [17].  IL-6 has antiinflammatory 
effects and thus lead to induction of human chorionic gonadotrophin from trophoblast, which subsequently 
enhance release of progesterone, Th2 cytokines production and suppress the effect of Th2 cytokines [18].

In the present study there was no significant (F=2.39, P>0.05) difference in mean serum levels on IL-6 between 
women with bad obstetric history, women with inevitable abortion, and women with normal pregnancy 
outcome. However, there was a significant (X2 =3.11,P=0.012) difference in mean serum IL-6 levels between 
women with BOH and those with normal pregnancy outcome. The same pattern was demonstrated when the 
comparison  performed between pregnant BOH versus pregnant control (X2 =2.49,P=0.018), and non pregnant 
BOH versus non pregnant control (X2 =2.23,P=0.027). IL-6 is a Th2-type, pro- as well as anti-inflammatory 
cytokine. IL-6 play an important role in down-regulation of  Th1 cytokines [19]. IL-6 polymorphism are 
associated with contradictory effect, some studies suggest that IL-6 polymorphism may be associated with 
recurrent spontaneous abortion [20], while others do  not show such association [21]  or it may be with 
protective effect [22]. 

Our study demonstrated about the same serum IL-6 mean value in women with inevitable as abortion as  
compared to those with normal pregnancy outcome.  In addition, both pregnant and non pregnant women with 
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normal pregnancy outcome were with about the same mean serum IL-6 values. However, both the control and 
women with inevitable abortion were with higher serum IL-6 value than women with BOH. IL-6 lower values 
were reported in women with missed abortion, while no change was demonstrated in women with threatened 
abortion as compared to normal pregnant and normal non pregnant controls [19]. In the study of Vitoratos et 
al  [23] maternal serum IL-6 levels in first-trimester threatened abortion with poor pregnancy  outcome were 
unaltered in comparison to those of first trimester healthy pregnant women. 

IL-6 protein and mRNA expression  was reduced in women with RSA as compared to control [24].  In vitro 
activation of   blood mononuclear cells collected from women with RSA at the time of abortion produce lower 
IL-6 [25] . The present study finding is not consistent with this as IL-6 serum level was more in women with 
normal pregnancy outcome for both pregnant and non pregnant as compared to those with BOH. In literature, 
many studies were consistent with our findings and indicating a significant lower IL-6 serum mean value in 
women with RSA  as compared to control [26]. However, one study reported no significant difference in serum 
IL-6 mean value between women with miscarriage and control group [27].  However, other studies reported 
that serum IL6 was significantly increased in both pregnant and non-pregnant women with RSA compared with 
fertile women [28]. The present study and reported research in literature  indicated a controversy  and thus 
interpretation of the role of IL-6 in recurrent abortion must be performed with caution [29], and there is a need 
to perform large scale  cohort study with follow up  to evaluate the role of IL-6 in BOH.

The classification of IL-6 as a Th1-type cytokine in studies on preterm  labor [30] or as a Th2 type cytokine 
in early pregnancy [31]  remains controversial. Recently, it has been demonstrated that IL-6 is involved in 
the promotion of Th2 differentiation and the inhibition of Th1 polarization [32]. During the first trimester, 
IL-6 contribute to tissue remodeling that is associated with placentation, the hematopoiesis function of the 
secondary yolk sac , and the generation of new vessels in placental villi [33]. One possible mechanism of IL-6 
in preventing miscarriage is modulation of the quality of the Th2 response by increasing the proportion of 
blocking asymmetric antibodies during implantation and placental vascularization [32]. 

Interleukin 17

The present study indicated a significant difference in IL-17 serum mean value in women with BOH and those 
with normal pregnancy outcome (X2 =2.08943,P=0.04)  and the significance was more prominent when the 
comparison  performed between pregnant BOH  and pregnant control. This finding agreed with that reported 
by Lee et al [34]  as their study demonstrated that the level of  IL-17+ T cells and ratio of IL-17+ T/ Treg cells 
were significantly increased in peripheral blood from non- pregnant with idiopathic recurrent pregnancy loss 
when compared with fertile control.

Suppress the maternal all responses targeted against the fetus [35] . Tregs and Th17 cells are two lymphocyte 
subsets with opposing actions. In normal pregnancy, Tregs prevent the generation of an immune response 
against fetal tissue and a decrease in the number of Tregs is associated with abortion. In contrast to the Tregs, 
Th17 cells promote inflammatory, autoimmunity and transplant rejection in humans and increased Th17 cells 
companied with decreased Tregs had been shown in unexplained RM patients [36].

The functions of Tregs has been mainly mediated by a cell–cell contact or  by the production of anti-inflammatory 
cytokines such as IL-10 and TGF-b, whereas Th17 cells mainly exert their effects by secreting IL-17. IL-17 has 
pleiotropic activities, including induction of the expression of  pro inflammatory cytokines and chemokines, 
which mediate tissue infiltration and destruction [37]. Reported studies suggest an increase in Th17 cell in 
peripheral blood and deciduas in women with recurrent pregnancy loss of unknown etiology [35] . Liu et al [38]  
reported that Th17 cells in blood were lower in controls women as compared to non pregnant women with 
recurrent pregnancy loss. This finding explains the increased of serum IL-17 in women with BOH as compared 
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to those with normal pregnancy outcome as this study indicated. In addition, Nakashima et al  [39] find that 
women with inevitable abortion deciduas were with increased Th17 cells. Many reported studies indicate 
that immune response mediated by Th17 cells were associated with recurrent pregnancy loss [40] , with an 
important role of Treg cells in poor obstetric outcome [41].

Although,  Treg cells are responsible for prevention of immunological reaction against foetal tissue in normal 
pregnancy [37], some studies  suggest that women with BOH are unlikely to be able to induce and maintain the 
immune tolerance regulated by Treg cells [34].  Tregs cells from women with BOH were functionally deficient as 
compared to those from fertile women [42].  Thus augmentation of Tregs cells function may be an approach for 
the treatment of pregnancy loss [36]. IL-17+ T/Treg cell ratio as a reflection of  both Treg immune regulatory and 
Th17/Tc17 inflammatory response, was lower in controls than in women with poor pregnancy outcome [34].  
Thus  IL-17+ T/Treg cell ratio may be used as a predictive marker for treatment and diagnosis of complication 
during pregnancy. In the present study, the ratio of IL-17/ IL-6 was about twice (6.15 pg/ml) in women with 
BOH than in women with normal pregnancy outcome (3.28 pg/ml), and in pregnant women with BOH (8.04 
pg/ml) than in non pregnant women (4.24 pg/ml) with BOH. However, the rate of IL-17/IL-6 was about the 
same in pregnant (3.11 pg/ml) and non pregnant (3.41 pg/ml) women with normal pregnancy outcome. This 
finding suggests that pregnancy may play a role in cytokine induction that may over express IL-17 companied 
with decreased Treg cells  and IL-6 production. In addition, IL-6 may prevent abortion by modulation of the 
quality of Th2 response by increasing the proportion of blocking asymmetric antibodies during implantation 
and placental vascularisation [43]. These findings together suggest that IL-6 may play a role like that of IL-10 
as anti-inflammatory action.  IL-10 negatively regulates the expression of Th17 cytokines and thus decreases 
the amount of IL-17 and plays a role in preventing exaggerated inflammatory and immune responses.  Wang et 
al [35]  found that culturing of CD4+  T cells in the presence of IL-10 decreases the expression of IL-17 that was 
IL-10 dose dependent. 

The present study finding of increased IL-17 in women with BOH goes with the suggestion of Lee et al [34] as 
the imbalance between Th1 and Th2 cells and additional biological effects of increased numbers of IL-17+ T 
cells may induce an inflammatory immune response which contributes to the development of RPL.

This study did not show a significant difference in serum IL-17 mean levels between non pregnant women with 
normal pregnancy outcome, non pregnant with BOH and inevitable abortion.  This finding contrasts with to that 
reported by others [34] who reported elevated IL-17+ T cells in peripheral blood of non pregnant women with 
a history of recurrent pregnancy loss. Therefore, they speculate these cells actively induce pro-inflammatory 
immune responses at the maternal-fetal junction at the time of implantation, and lead to recurrent pregnancy 
loss. IL-17 expression by decidual T cells was increased in women inevitable abortion, while not in missed 
abortion , Inflammation initiation in late stage of abortion may be an effect induced by IL-1+ cells [39]. 

This study and  the reported literature illustrate  a paradigm shift from Th1/Th2 theory to a broader concept 
of pro-inflammatory immune responses, which involve increased IL-17+ T cells, increased Th1/Th2 cell ratios 
and suppressed Treg cell immune responses as the underlying immune pathology for RPL and, potentially, 
other obstetrical complications. 

Angiopoietin 1

Development of blood vessels and angiogenesis during pregnancy and placental growth and maturation were 
regulated by angiopoietin 1 and 2,  Reported studies indicated that angiopoietin 1and 2 were expressed early in 
placental tissue in normal or abnormal gestation  for both mother and fetus [44]. The present study provides the 
first data in Iraq to demonstrate that serum Ang-1 is potential marker of bad obstetric history (failed pregnancy), 
as its serum mean value significantly difference between women with BOH, inevitable abortion, and women 
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with normal pregnancy outcome. In our series of women with BOH Ang-1 serum mean value  with significantly 
lower (X2 =3.269,P=0.0032) than in women with normal pregnancy outcome. Furthermore, a significant lower 
Ang-1 serum mean value in pregnant BOH women as compared to those with healthy pregnancies and in non 
pregnant BOH  as compared to non pregnant with normal pregnancy history.   

Our data are consistent with the previous studies reporting that Ang-1 sustains the placental vascular ingrowth  
and the high level of Ang-1 may confer protection to the placenta [45]  findings suggest that the Ang-1/ Ang-2 
ratio in the first trimester is associated with most adverse pregnancy outcomes, but it was not predict outcomes 
any better than clinical and maternal risk factor information. Maternal concentrations of Ang-1have earlier been 
shown to be increased in preeclamptic women [46], but El- Gohary et al [47] failed to observe any association 
between the Ang-1 concentrations and later preeclampsia. 

Plaisier et al [48] suggest that the pathogenesis of miscarriages is associated with premature maturation of 
the vasculature [49]. Dunk et al [50] have show that in contrast to normal pregnancies, the growth of placental 
villous and capillaries in complicated pregnancies is variable and the process of angiogenic interaction between 
trophoblast and the uteroplacental circulation is incomplete. Low Ang-1 was previously reported to lead to 
vessel destabilization and decrease in the angiogenic sprouting promoting vessel leakage [51].

The present study findings and those reported in literature suggest that  Ang-1 appear to be an angiogenic 
predictive marker for women with bad obstetric history. A future study that included Ang-1, Ang-2 combination 
with others different biomarkers to determine their predictive value as a marker of BOH is warranted.
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