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Abstract

Problem—Plasma concentrations of fragment Bb (FBb) are a marker for activation of the

alternative pathway of the complement system. High concentrations of FBb in maternal blood, as

early as the first trimester, are associated with subsequent spontaneous preterm delivery <34

weeks of gestation. The study aim was to determine whether spontaneous preterm labor with intact

membranes (PTL), intra-amniotic infection/inflammation (IAI) or labor at term are associated with

alterations in circulating maternal FBb concentrations.

Method of Study—This cross-sectional study included women in the following groups: 1) non-

pregnant (n=40); 2) normal pregnancy (gestational age range 20-36 6/7 weeks, n=63); 2) women

at term not in labor (n=70); 3) women at term in spontaneous labor (n=59); 4) patients with an

episode of PTL who delivered at term (n=62); 5) PTL without IAI who delivered preterm (n=30);

and 6) PTL with IAI who delivered preterm (n=67). Maternal plasma FBb concentrations were

determined by ELISA.

Results—1) Among patients with PTL, those who had a preterm delivery either with IAI (1.21

μg/ml, IQR 0.77-2.16) or without IAI (1.13 μg/ml, IQR 0.92-2.08;) had a higher median maternal

plasma FBb concentration than those who delivered at term (0.86 μg/ml, IQR 0.64-1.57; p=0.007

and p=0.026, respectively); 2) there was no difference in the median plasma FBb concentration

between patients with and without IAI who delivered preterm (p=0.9); 3) in contrast, spontaneous

labor at term was not associated with a significant change in the maternal plasma FBb

concentration (p=0.8); 4) maternal plasma concentration of FBb did not differ significantly

between normal pregnant women and the non-pregnant controls (p=0.8) and were not correlated

with advancing gestational age (r −0.28, p=0.8).

Conclusions—1) Preterm parturition is associated with activation of the alternative complement

pathway in maternal circulation; 2) such activation is not detectable in spontaneous labor at term;

3) intra-amniotic infection/inflammation does not explain the activation of the alternative pathway

of complement in preterm labor. Collectively, these observations suggest that preterm and term

labor have fundamental differences in the regulation of innate immunity.
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INTRODUCTION

The complement system, an important component of innate immunity, plays a pivotal role in

the process of recognition of foreign antigens and pathogens.1;2 Complement activation

mediates the inflammatory response elicited against infection by recruitment of

inflammatory and immucompetent cells, opsonization and killing of pathogens. Moreover, it

has a role in regulating the adaptive limb of the immune response.2-4 Complement activation

can be triggered by one of three pathways: 1) the “classical”; 2) the “lectin”; or 3) the

“alternative” pathway. The classical pathway is triggered by antigen:antibodies complexes

(protein-to-protein interactions) and the lectin pathway by mannose-binding lectin (protein-

to-carbohydrate interactions).2 In contrast, the alternative pathway does not depend on

binding of a protein to a pathogen, but can be initiated by the binding of spontaneously auto-

activated C3 in the plasma [generating C3(H2O)] to pathogen surfaces.2;5 The three

pathways converge to activate C3-convertase formation.1;2

Normal pregnancy is characterized by physiologic activation of the complement system in

maternal circulation,6-10 which has been proposed to be a compensatory mechanism aimed

to protect the host against infection.10 Moreover, several complications of pregnancy

including spontaneous pregnancy losses,11-16 preeclampsia,17-27 pyelonephritis,28 fetal

death,29;30 and preterm labor31-33 have been associated with a systemic maternal

complement activation when compared to normal pregnant women.

Preterm parturition, the main cause of neonatal morbidity and mortality, is a syndrome34;35

in which several mechanisms of disease have been implicated in its pathophysiology. These

mechanisms include intrauterine infection, utero-placental ischemia, uterine overdistension,

abnormal allogeneic recognition, allergic-like reaction, cervical disease, as well as endocrine

disorders.35 Importantly, increased activation of components of the complement system in

maternal blood (i.e., C3a and C5a)31 and the amniotic fluid (i.e., C336 and fragment Bb37)

has been reported in patients with preterm labor and intact membranes.

Fragment Bb, a marker for activation of the alternative complement pathway, has been

recently reported to be in increased concentrations in maternal circulation in the first half of

pregnancy in women who subsequently had a spontaneous preterm delivery before 34 weeks

of gestation.33 However, no data exist regarding fragment Bb concentrations during normal

pregnancies and whether there is an association between intra-amniotic infection/

inflammation and alterations in fragment Bb concentrations in maternal circulation. Thus,

the purpose of this study was to determine whether normal pregnancy, spontaneous preterm

labor with intact membranes (PTL), intra-amniotic infection/inflammation (IAI) or labor at

term are associated with alterations in circulating maternal plasma fragment Bb

concentrations.

MATERIALS AND METHODS

Study groups and inclusion criteria

A retrospective cross-sectional study was conducted including women in the following

groups: 1) non-pregnant women (n=40); 2) women with a normal pregnancy (gestational age

range 20-36 6/7 weeks, n=63); 3) normal pregnant women at term not in labor (n = 70); 4)
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normal pregnant women at term with spontaneous labor (n=59); 5) women with an episode

of spontaneous preterm labor and intact membranes who delivered at term (n=62); 6) PTL

without IAI who delivered preterm (<37 weeks gestation, n=30); and 7) PTL with IAI

(n=67). Women with multiple pregnancies or fetuses with chromosomal and/or congenital

anomalies were excluded.

Samples and data were retrieved from our bank of biological samples and clinical databases.

Many of these samples have previously been used to study the biology of inflammation,

hemostasis and angiogenesis regulation in normal pregnant women and those with

pregnancy complications.

All participants provided written informed consent prior to the collection of maternal blood.

The collection of maternal blood and its use for research purposes was approved by the

Institutional Review Boards of the Sotero del Rio Hospital (Chile), Wayne State University

(Detroit, Michigan, USA) and the Eunice Kennedy Shriver National Institute of Child

Health and Human Development (NICHD/NIH/DHHS, Bethesda, Maryland, USA).

Clinical Definitions

Women with a normal pregnancy were defined as those without medical, obstetrical, or

surgical complications at the time of the study, and who subsequently delivered at term (≥37

weeks of gestation) an appropriate-for-gestational age infant38;39 without neonatal

complications. Spontaneous preterm labor was defined by the presence of regular uterine

contractions occurring at a frequency of at least two every 10 minutes associated with

cervical changes before 37 completed weeks of gestation that required hospitalization. Intra-

amniotic infection was defined as a positive amniotic fluid culture for aerobic/anaerobic

bacteria, genital mycoplasmas and/or yeast. Intra-amniotic inflammation was diagnosed in

the presence of an amniotic fluid interleukin (IL)-6 concentration ≥2.6 ng/mL.40

Sample collection and determination of fragment Bb concentration in maternal plasma

Among patients with spontaneous PTL and intact membranes, amniotic fluid samples were

obtained by transabdominal amniocentesis performed for evaluation of microbial status of

the amniotic cavity. Samples of amniotic fluid were transported to the laboratory in a sterile

capped syringe and cultured for aerobic/anaerobic bacteria and genital mycoplasmas. An

amniotic fluid white blood cell count, glucose concentration, and Gram-stain were also

performed shortly after collection as previously described,41-43 and the results of these tests

were used for clinical management. Amniotic fluid not required for clinical assessment was

centrifuged for 10 min at 4°C and the supernatant was aliquoted and stored at −70°C until

IL-6 analysis. Amniotic fluid IL-6 concentrations were used only for research purposes.

Maternal blood samples were collected within 48 hours before or after the amniocentesis

into Vacutainer® tubes (BD, Franklin Lakes, NJ, USA). The samples were then centrifuged

at 1300xg for 10 minutes at 4°C and the obtained plasma was stored at −70°C until assayed.

Maternal plasma concentration of human fragment Bb was determined by sensitive enzyme-

linked immunoassays (Quidel Corporation, San Diego, CA, USA). The fragment Bb

immunoassay was validated for human plasma in our laboratory, prior to the conduction of

this study. Immunoassays were carried out according to the manufacturer’s

recommendations. The calculated inter- and intra-assay coefficients of variation for

fragment Bb immunoassays in our laboratory were 3.36% and 2.62%, respectively, and the

sensitivity was 0.015 μg/mL.
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Statistical analysis

Shapiro-Wilk and Kolmogorov-Smirnov tests were used to test for normality distribution of

the data. Since maternal plasma fragment Bb concentrations were not normally distributed,

Kruskal-Wallis test with post-hoc analysis by Mann-Whitney U test were used for

comparisons of continuous variables. Comparisons of proportions were performed using

Fisher’s exact test. Correlations between fragment Bb concentrations gestational age at

blood sample collection and pre-pregnancy body mass index (BMI) were examined using

Spearman’s rank correlation test. Logistic regression analysis was applied to determine the

association between maternal plasma concentration of fragment Bb (μg/mL) and preterm

delivery while adjusting for the following variables: maternal age (years), pre-pregnancy

BMI (kg/m2), smoking status, and African-American ethnic origin. A p-value <0.05 was

considered statistically significant. Analysis was performed with SPSS, version 14 (SPSS

Inc., Chicago, IL, USA).

RESULTS

Fragment Bb was detected in all plasma samples included in this study (n=391).

Demographic and clinical characteristics of women with a normal pregnancy (including

women at term not in labor and with spontaneous labor) and of patients with spontaneous

PTL and intact membranes are displayed in Table I and Table II, respectively. Women at

term in labor were younger and had a lower median BMI than those at term not in labor. The

median gestational age at blood sample collection and the median gestational age at delivery

were significantly higher in women at term in labor than those not in labor; however, these

differences (5 and 2 days, respectively) are not of clinical significance (Table I). Patients

with PTL with IAI had a higher median BMI and a lower median gestational age at blood

sample collection than the other two groups of patients with PTL (Table II).

Maternal plasma fragment Bb concentration in normal pregnancies

The median maternal plasma concentration of fragment Bb was not significantly different in

non-pregnant and normal pregnant women [0.85 μg/ml, interquartile range (IQR) 0.64-1.12

vs. 0.81 μg/ml, IQR 0.72-0.97, respectively; p=0.8, Figure 1]. Moreover, spontaneous labor

at term was not associated with a significant change in the median maternal plasma

concentration of fragment Bb (term in labor: 0.72 μg/ml, IQR 0.63-0.88 vs. term not in

labor: 0.75 μg/ml, IQR 0.65-0.83; p= 0.8, Figure 2). There was no correlation between

maternal plasma fragment Bb concentrations and gestational age at blood sample collection

(r= −0.28, p=0.8), as well as with pre-pregnancy BMI (r=0.04, p=0.8). In addition, the

median maternal plasma fragment Bb concentration did not differ significantly between

African-American and non African-American women (0.83 μg/ml, IQR 0.72-0.98 vs. 0.78

μg/ml, IQR 0.73-0.82, respectively; p= 0.4) and between women who smoked and those

who were not (0.78 μg/ml, IQR 0.66-0.92 vs. 0.80 μg/ml, IQR 0.73-0.97, respectively; p=

0.6).

Maternal plasma fragment Bb concentration in women with spontaneous preterm labor
and intact membranes

The median maternal plasma fragment Bb concentrations differed significantly between the

three PTL study groups (Kruskal-Wallis, p=0.01). Patients with an episode of PTL with

intact membranes which led to a preterm delivery, either with IAI (1.21 μg/ml, IQR

0.77-2.16) or without IAI (1.13 μg/ml, IQR 0.92-2.08), had a higher median maternal

plasma fragment Bb concentration than those with an episode of PTL who delivered at term

(0.86 μg/mL, IQR 0.64-1.57; p=0.007 and p=0.026, respectively) and than those with a

normal pregnancy (p<0.001 for both comparisons). (Figure 3). Among patients with PTL

who delivered preterm, the median maternal plasma fragment Bb concentration did not
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differ significantly between women with and without IAI (p=0.9, Figure 3). The median

maternal plasma FBb concentration of patients with an episode of PTL who delivered at

term was not significantly different from that of normal pregnant women (p=0.5, Figure 3)

In order to examine the association between maternal plasma fragment Bb concentrations,

preterm delivery, and possible confounding factors, a multivariable logistic regression

analysis was performed adjusting for maternal age, pre-pregnancy BMI, smoking status and

African-American ethnic origin. The final regression model demonstrated that both

increased fragment Bb concentrations in maternal plasma (OR 1.79, 95% CI 1.12-2.85;

p=0.01) and higher pre-pregnancy BMI (OR 1.09, 95% CI 1.01-1.18) were significantly and

independently associated with preterm delivery among patients with an episode of PTL.

DISCUSSION

Principal findings of this study

1) Preterm parturition, with or without intra-amniotic infection/inflammation, is associated

with a higher median maternal plasma fragment Bb concentration than patients with an

episode of PTL who delivered at term; 2) In contrast, spontaneous labor at term was not

associated with a significant change in the median maternal plasma concentration of

fragment Bb; 3) normal pregnancy is not associated with increased maternal plasma

concentrations compared to non-pregnant women; and 4) maternal plasma fragment Bb

concentrations does not change significantly with advancing gestation.

The alternative complement pathway

The complement system, an effector arm of the innate immune system, plays a pivotal role

in the host defense against infections. In addition, the complement system mediates the

inflammatory response elicited against infection, and participates in activating the adaptive

immune system.2-4 Activation of complement cascade through either of the three

complement pathways converges at the point of C3 convertase formation,1;2 and the latter

cleaves C3 to C3a and C3b. C3b participates in the formation of the C5 convertase, which

cleaves C5 to C5a and C5b. C3a and C5a, termed anaphylatoxins, are pleiotropic

inflammatory mediators.2

In contrast to the classical pathway, which is initiated by the binding of C1q to antigen-

antibody complexes and to the lectin pathway which is initiated by the binding of mannose-

binding lectin (MBL) to sugars present on the bacterial cell wall, the alternative pathway is

capable of spontaneous auto-activation through a slow rate hydrolysis of C3, generating

C3(H2O).5 The latter can covalently attach to permissive surface and bind factor B, which is

cleaved by factor D to become the active protease, fragment Bb.44 The active convertase,

C3(H2O)Bb complex, can cleave additional native C3 molecules, generating C3b which in

turn can associates with factor B to generate more C3-convertase,2 creating an amplification

loop. Thus, increased production of fragment Bb can represent activation of the alternative

pathway.

Inappropriate activation of the complement system has been implicated in the

pathophysiology of numerous disorders such as systemic lupus erythematosus,45 rheumatoid

arthritis,46;47 and stroke.48;49 The alternative complement pathway has been specifically

suggested to have a role in the pathophysiology of several diseases such as age-related

macular degeneration,4;50-53 rheumatoid arthritis, lupus nephritis, and anti-phospholipid

syndrome.4
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The complement in normal and complicated pregnancies

Physiologic activation of complement in maternal circulation during normal pregnancy6-10

has been proposed to be a compensatory mechanism aimed to protect the host against

infection.10 Nevertheless, excessive systemic maternal complement activation has been

linked to pregnancy complications such as spontaneous pregnancy losses,11-16

preeclampsia,17-27 pyelonephritis,28 fetal death,29;30 and preterm birth.31-33

A specific association between systemic maternal activation of the alternative pathway and

pregnancy complications was first suggested for spontaneous fetal loss.12;54-56

Subsequently, the alternative pathway has been implicated in other obstetrical

complications. Lynch et al.27 were the first to report an association between elevated

maternal plasma fragment Bb concentrations (≥90th percentile of their entire cohort) in early

pregnancy (< 20 weeks of gestation) and an increased risk for later development of

preeclampsia. A subsequent report by the same group33 demonstrated an association

between high maternal plasma concentrations of fragment Bb (≥75th percentile) in early

pregnancy and spontaneous preterm birth < 34 weeks. Consistent with this report, our

group37 has recently reported an association between increased amniotic fluid concentration

of fragment Bb and intra-amniotic infection/inflammation in patients in preterm labor. This

has been suggested to represent alternative pathway activation as part of the fetal innate

immune response57;58 to intra-amniotic infection. In the present study we intended to further

examine the behavior of fragment Bb in the maternal compartment during normal pregnancy

and whether an excessive activation of the alternative pathway, as is in amniotic fluid, exist

also in the maternal compartment in women with preterm labor and in the presence of IAI.

Fragment Bb in maternal circulation during a normal pregnancy

The present study reports, for the first time, data regarding fragment Bb concentrations in

maternal circulation during normal pregnancy, and its correlation with advancing gestational

age and labor at term. In contrast to other complement activation products (i.e., C3a, C4a

and C5a),10 the concentrations of fragment Bb, an activation component of the alternative

pathway, were comparable in non-pregnant and normal pregnant women. This finding is in

agreement with the study by Lynch et al,33 who reported in their cohort a mean maternal

plasma fragment Bb concentration of 0.7 μg/mL in the first half of pregnancy which was in

the range of the laboratory normal reference for non-pregnant controls. The present study

extends this observation by demonstrating that the median fragment Bb concentration did

not change with advancing gestation. Collectively, these results suggest that normal

pregnancy is not characterized by physiologic activation of the alternative pathway of the

complement system.

In addition, we demonstrated that maternal plasma fragment Bb concentrations were not

significantly different between women at term with or without spontaneous labor.

Spontaneous labor at term is regarded as an inflammatory process.59-75 This view is

supported by the association between term parturition and infiltration of inflammatory cells

in the cervix,59;60;70 myometrium,68;70 and chorioamniotic membranes.69;70 Moreover,

labor at term is accompanied by increased production of proinflammatory cytokines71;74

(i.e. IL-1ß,61;63;65;70 IL-6,64;65;70 TNF-α,63;65 and IL-862;64;66;70) and chemokines71;74 (i.e.

GRO-α,67 G-CSF,64 MCP-172;73;75). Nevertheless, the present study suggests that term

parturition does not involve activation of the alternative complement pathway in maternal

circulation.
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Fragment Bb in maternal circulation is increased in preterm parturition with or without
intra-amniotic infection/inflammation but not in term labor

The finding that preterm parturition is associated with an increased concentration of

fragment Bb in maternal circulation is in agreement with the results reported by Lynch et

al.33 These investigators found significantly higher fragment Bb concentrations early in

pregnancy in women who will subsequently have a spontaneous preterm birth < 34 weeks,

but not among those who had a late spontaneous preterm birth, compared to women who

delivered at term. The authors proposed that elevated fragment Bb concentration from early

pregnancy may represent a subclinical phase of an inflammatory state or infection.

The present study further demonstrates that in the maternal circulation there were no

differences in the concentrations of fragment Bb between women with preterm labor and

preterm delivery, with or without IAI. These findings were different from those previously

reported in amniotic fluid in which fragment Bb concentrations are higher in women with

IAI.37 These observations, together with the finding that an episode of PTL that did not

result in a preterm delivery was not associated with higher fragment Bb concentrations, may

imply that activation of the alternative complement pathway in maternal circulation relates

to the process of preterm delivery itself, regardless of its etiology. In other words, it is

possible that activation of the alternative pathway is part of the pathologic common terminal

pathway of preterm labor that can be triggered through a variety of stimuli. However, the

cross-sectional nature of this study does not allow determining causality or temporal

relationship between increased maternal concentration of fragment Bb and preterm delivery.

Other possible explanations can be raised for the association between high fragment Bb

concentrations in maternal circulation and preterm delivery, regardless of the presence of

IAI. Several other etiologic factors that had been implicated in the pathophysiology of

preterm delivery may be accompanied by activation of the alternative pathway. One such

factor is systemic maternal inflammation for which there is a growing body of evidence to

support the relationship with preterm parturition: 1) systemic administration of microbial

products76-78 or IL-179 to pregnant mice can result in preterm delivery; 2) treating mice

exposed to IL-1 with IL-1 receptor antagonist abrogates parturition;80 3) systemic

infections81-94 and chronic inflammatory states,95-103 have been associated with preterm

parturition. Indeed, the alternative complement pathway has been suggested to play a role in

the pathophysiology of several inflammatory-related diseases such as rheumatoid arthritis,

lupus nephritis, anti-phospholipid syndrome, asthma4 and age-related macular

degeneration.50-53 Furthermore, stress which is associated with increased risk of

spontaneous preterm delivery,104-106 has been shown in healthy volunteers to lead to

perturbation of the complement system homeostasis107-109 (including complement factors of

the alternative pathway109) and this was suggested as a potential mechanism for stress-

induced inflammatory activation in individuals with inflammatory disorders.109

CONCLUSIONS

The present study demonstrates that preterm parturition is associated with activation of

complement through the alternative pathway as reflected by the increased fragment Bb

concentration only in women with PTL who delivered preterm. Such activation is not

detectable in spontaneous labor at term. Intra-amniotic infection/inflammation does not

explain the alternative complement pathway activation of preterm labor. Collectively, these

observations suggest that the pathologic preterm parturition and the physiologic term labor

have fundamental differences in regulation of innate immunity.
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Figure 1. Maternal plasma concentration of fragment Bb in non-pregnant versus normal
pregnant women
The median maternal plasma concentration of fragment Bb did not differ significantly

between non-pregnant women and those with a normal pregnancy [0.85 μg/mL, interquartile

range (IQR) 0.64-1.12 vs. 0.81 μg/mL, IQR 0.61-0.97, respectively; p=0.8].
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Figure 2. Maternal plasma concentration of fragment Bb in pregnant women at term, with and
without spontaneous labor
The median maternal plasma concentration of fragment Bb did not differ significantly

between women at term in spontaneous labor and those not in labor (0.75 μg/mL,

interquartile range (IQR) 0.66-0.83 vs. 0.72 μg/mL, IQR 0.63-0.88, respectively; p=0.8].
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Figure 3. Comparison of the median maternal plasma concentration of fragment Bb in women
with a normal pregnancy and those with spontaneous preterm labor (PTL)
The median maternal plasma fragment Bb concentration was higher in patients with PTL

who delivered preterm, either with IAI (1.21 μg/ml, IQR 0.77-2.16 vs. 0.86 μg/mL, IQR

0.64-1.57; p=0.007) or without IAI (1.13 μg/mL, IQR 0.92-2.08; p=0.026), than those with

an episode of PTL who delivered at term and than those with a normal pregnancy (p<0.001

for both comparisons).
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Table I

Demographic and clinical characteristics of women with a normal pregnancy and those at term, with and

without spontaneous labor.

Normal Pregnancy (n=63) Term not in labor (n=70) Term in labor (n=59) P *

Maternal age (years) 23 (20-27) 27 (22-30) 24 (21-28) 0.01

Ethnic origin

 African-American 79.4 (50) 78.6 (55) 86.4 (51) NS

 Caucasian 11.1 (7) 11.4 (8) 3.4 (2)

 Hispanic 3.2 (2) 7.1 (5) 6.8 (4)

 Asian and other 6.3 (4) 2.9 (2) 3.4 (2)

Smokers (%) 19.4 (12/62) 15.7 (11) 25.4 (15) NS

Pre-pregnancy BMI (kg/m2) 23.8 (20.7-27.9) 29.1 (24.3-34.8) 23.5 (20.7-29.2) 0.001

GA at blood sample collection (weeks) 30.9 (26.6-33.3) 39.1 (38.9-39.6) 40 (39.1-40.4) <0.001

GA at delivery (weeks) 39.6 (38.6-40.6) 39.3 (39-40) 40 (39.1-40.4) 0.01

Neonatal birthweight (gr) 3320 (3000-3629) 3365 (3200-3632) 3330 (3080-3590) NS

Sample storage time (years) 8.0 (6.9-8.1) 7.2 (6.8-8.1) 6.7 (6.6-8.1) NS

Values expressed as median (interquartile range) or percentage (number) BMI: body mass index; GA: gestational age; NS: not significant.

*
between term not in labor and term in labor
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