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Abstract
BACKGROUND: The complement system, a major component of innate immunity, has recently
been implicated in the mechanisms of fetal loss and placental inflammation in the anti-phospholipid
antibody syndrome. Inhibition of complement has been proposed as an absolute requirement for
normal pregnancy. Yet, pregnancy is characterized by a generalized activation of the innate immune
system. This study was conducted to determine whether normal pregnancy is associated with
complement activation in the maternal circulation.

METHODS: Anaphylatoxins (C3a, C4a and C5a) were determined in the plasma of normal pregnant
(20-42 weeks; n=134) and non-pregnant women (n=40). These complement split products (C3a, C4a
and C5a) were measured using specific immunoassays. Non-parametric statistics were used for
analysis.

RESULTS: 1) The median plasma concentration of C3a, C4a and C5a was significantly higher in
normal pregnant women than in non-pregnant women (all p<0.001); 2) The concentration of C3a,
C4a and C5a did not change with gestational age (p>0.05); and 3) The plasma concentration of C3a
had a positive correlation with the plasma C4a and C5a concentrations (r 0.36, p<0.001 and r 0.35,
p<0.001, respectively).

CONCLUSION: 1) Normal human pregnancy is associated with evidence of complement
activation, as determined by increased concentrations of the anaphylatoxins C3a, C4a and C5a in the
maternal circulation; and 2) We propose that physiologic activation of the complement system during
pregnancy is a compensatory mechanism aimed to protect the host against infection.
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INTRODUCTION
The complement system, a major component of the innate immune system, is comprised of
different plasma proteins reacting with one another in a proteolytic cascade, generating active
and powerful products that provide early defense mechanisms against pathogens.
Opsonization, chemotaxis and lysis of microorganisms may result from activation of the
complement cascade. Furthermore, the complement system has been attributed to modulate
adaptive immunity through regulation of B and T cell responses[1] and its involvement in
antiviral response has recently been suggested.[2]

Complement can be activated by three different mechanisms: 1) the classical pathway,
triggered by the binding of C1q to antigen-antibody complexes or directly to the surface of a
microorganism; 2) the alternative pathway, triggered by deposition of spontaneously activated
complement components directly on microbial surfaces; or 3) the mannan binding lectin (MBL)
pathway, initiated by the binding of MBL to mannose-containing carbohydrates on
microorganisms. All these pathways converge in C3 protein; the subsequent cleavage of C5
initiates the assembling of the membrane attack complex (MAC), which is essential for
complement function. C3a, C4a and C5a are a group of peptides released from the cleavage of
their native proteins during the activation of the complement system. These “complement split
products” are also known as anaphylatoxins, due to their ability to increase vascular
permeability[3-5] and stimulate smooth muscle contractions.[4,5] Serum carboxypeptidases
modulate the activity of all three anaphylatoxins by the removal of a C-terminal arginine
residue, generating inactive (C3a desArg and C4a desArg) or less active products (C5a desArg).
[6] It has been suggested that detection of complement split products in plasma results from
increased complement activation and saturation of the binding capacity of their receptors,[7]
or is the consequence of an uncontrollable inflammatory response.[8] Since anaphylatoxins
are inactivated rapidly (approximately 2 min),[6] determination of their metabolites (C3a
desArg, C4a desArg, and C5a desArg) accurately represents the degree of complement
activation.[9] Aside from its role in host defense, the complement system has been implicated
in the pathophysiology of sepsis,[10,11] asthma,[12] ischemic/hypoxic injury,[13] rheumatoid
arthritis,[14,15] systematic lupus erythematous,[16] and delayed type hypersensitivity.[17]

Complement activation could potentially harm the developing fetus. Recent evidence in murine
models have implicated Crry deficiency, a C3 convertase inhibitor, and C3 products in the
mechanisms of pregnancy loss.[18] Additionally, fetal injury and pregnancy loss in
experimental antiphospholipid-antibody syndrome has been attributed to the effects of
complement, mainly C5a.[19] Therefore, it has been proposed that inhibition of the
complement system is an absolute requirement for normal pregnancy.[20] Yet, the presence
of immune complexes and products of the complement cascade have been identified in
trophoblast tissue in normal gestation.[21-23] Moreover, pregnancy is characterized by
enhancement of the innate immune system and suppression of the adaptive immune response.
[24] Accumulating evidence in support of this view includes: 1) an increased number of
granulocytes in maternal blood;[25] 2) phenotypic and metabolic changes in granulocytes and
monocytes (increased expression of adhesion molecules, baseline intracellular reactive
oxygen, and oxidative burst);[26,27] 3) an increased concentration of acute phase proteins
(fibrinogen, clotting factors, globulin);[28,29] and 4) a shift of the T helper-1 to T helper-2 cell
cytokine profile.[30,31]

Studies conducted on complement system activation during normal pregnancy have
demonstrated increased complement protein concentrations and total complement hemolytic
activity (CH50).[32-35] Complement regulatory proteins including “decay accelerating
factor” (DAF), membrane cofactor protein (MCP), and CD59 have been reported to be highly
expressed in trophoblast[23,36,37] and may play a role in protecting the fetus from damage

RICHANI et al. Page 2

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2006 April 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



generated from complement activation. However, there is a paucity of data on maternal plasma
C3a, C4a and C5a concentration in normal pregnancy. This study was designed to determine
if the plasma concentrations of C3a, C4a and C5a change during normal pregnancy.

PATIENTS AND METHODS:
Study design: A cross-sectional study was conducted by searching our clinical database and
bank of biological samples. This study included 174 women in the following two groups: 1)
non-pregnant women (n=40); and 2) normal pregnant women (n=134). The non-pregnant group
consisted of healthy women ranging in the luteal phase of the menstrual cycle from 18 to 40
years of age. Normal pregnant women were enrolled from either a labor-delivery unit (in cases
of scheduled cesarean section that were not in labor) or from our antenatal clinic. Normal
pregnant women were defined as those without medical, obstetrical or surgical complications.
Their gestational ages ranged from 20 weeks to term gestation. Eligible patients were
approached at the Detroit Medical Center/Hutzel Women's Hospital in Detroit, Michigan. All
women provided informed consent prior to the collection of the plasma samples. The collection
of samples was approved by the Human Investigation Committees and their utilization for
research purposes by the IRBs of both the National Institute of Child Health and Human
Development and Wayne State University. Many of these samples have been used in prior
studies.

Blood Collection and anaphylatoxin immunoassays: Samples of peripheral blood were
collected in tubes containing EDTA. The samples were centrifuged and stored at −70° C.
Specific and sensitive enzyme-linked immunoassays were used to determine concentrations
of complement C3a, C4a and C5a. Immunoassay systems for C3a and C4a were obtained from
Assay Designs, Inc (Ann Arbor, MI). C5a immunoassays were obtained from the American
Laboratory Products Company (Windham, NH). Complement C3a, C4a and C5a assays were
performed according to the manufacturers' instructions. Briefly, maternal plasma samples were
incubated in duplicate wells of the microtiter plates, which had been pre-coated with antigen
specific (C3a, C4a or C5a) antibodies. Complement C3a, C4a or C5a present in the standards
or maternal plasma samples were immobilized by their specific pre-coated antibodies (forming
antigen antibody complexes) during this incubation. Repeated washing and aspiration removed
all other unbound materials from the assay plates. This step was followed by incubation with
a specific antibody-enzyme reagent. Following a wash step to remove excess and unbound
materials, a substrate solution was added to the wells of the microtiter plates and color
developed in proportion to the amount of antigen bound in the initial step of the individual
assays. The color development was stopped with the addition of an acid solution, and the
intensity of color was read using a programmable microtiter plate spectrophotometer (Ceres
900 Micro plate Workstation, Bio-Tek Instruments, Winooski, VT). The concentrations of
complement C3a, C4a or C5a in maternal plasma samples were determined by interpolation
from individual standard curves composed of purified human C3a, C4a or C5a. The calculated
inter-assay coefficients of variation (CV) for C3a, C4a and C5a immunoassays in our laboratory
were 5.4%, 6.1% and 4.0%, respectively. Calculated intra-assay CV for C3a, C4a and C5a
were 6.6%, 6.9% and 2.3%, respectively. The detection limit (sensitivity) was 0.13 ng/ml for
C3a, 0.32 ng/ml for C4a, and 0.06 ng/ml for C5a.

Statistical Analysis: Kolmogorov-Smirnov and Shapiro-Wilk tests were used to test for
normal distribution of the data. Mann-Whitney U tests were utilized for comparison of results
among non-pregnant and normal pregnant women. A chi square test was used for comparison
of the proportions and Spearman's rank test was used for correlations. The statistical package
employed was SPSS 12 (SPSS Inc., Chicago, IL). A probability value < 0.05 was considered
statistically significant.
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RESULTS
Clinical and obstetrical characteristics of women in each group are displayed in Table I. Normal
pregnant women had a significantly higher median plasma concentration of C3a, C4a and C5a
than non-pregnant women (all p< 0.001; Figure 1). The concentration of C3a, C4a and C5a
did not change with gestational age (Spearman's correlation coefficient r = −0.16, p = 0.05; r
= −0.08, p=0.35; and r = 0.15, p= 0.08, respectively; Figure 2). While a positive correlation
was found between plasma concentrations of C3a, C4a and C5a (r = 0.36, p<0.001 and r =
0.35, p<0.001, respectively), no correlation was noted between plasma concentrations of C4a
and C5a.

DISCUSSION
This study demonstrated that normal pregnancy is associated with activation of the plasma
complement system as determined by increased maternal plasma C3a, C4a and C5a
concentrations (Figure 1). In addition, the concentrations of these anaphylatoxins did not
change with advancing gestational age (from 20 weeks to term gestation) (Figure 2).

The determination of plasma anaphylatoxin concentration was used, since these molecules are
more sensitive markers of complement activation in vivo than total hemolytic complement
activity (CH50) or native complement proteins.[9] Previous studies have demonstrated that the
concentration of complement proteins or CH50 in maternal blood during normal pregnancy is
increased.[32,34,38-40] Moreover, Johnson et al.[41] reported that the concentrations of some
complement proteins (C2, C4, C3, C5, C6, and Factors B and H) were increased during
pregnancy, while others remained unchanged (C1q, C1r and P). However no study has
compared the plasma anaphylatoxin concentrations of non-pregnant and normal pregnant
women. Although Haeger et al.[42] reported higher plasma C3a and C5a concentrations in
preeclamptic patients than in normal pregnant women, no comparisons were performed
between normal pregnant and non-pregnant women.

The hormonal regulation of complement tissue expression has been assessed in the
endometrium of humans[43] and mice.[44] Hasty et al.[43] determined that human endometrial
C3 expression and synthesis was up-regulated during the luteal phase of the menstrual cycle.
In contrast, in animal models, the up-regulation of C3 appeared to be influenced by estrogens.
[44] The increment in systemic anaphylatoxins during gestation could be attributed, in part, to
a stimulation of their precursors by high levels of steroid hormones. Futures studies are required
to evaluate the relationship between systemic complement activation and endocrine factors.

The plasma concentration of C1 esterase inhibitor (C1INH), which regulates the activation of
the first component of the classical pathway, has been reported to be either low[45-47] or
unchanged[40] during normal pregnancy. Its reduction may lead to the activation of the
complement cascade and subsequent elevation of C3a, C4a and C5a in maternal plasma.
Furthermore, a decrease in the expression of complement receptor 1 (CR1) and DAF on red
blood cells has been observed during normal pregnancy.[48] These findings could also explain
high levels of complement split products in maternal plasma.

C5a, the most potent anaphylatoxin, can induce oxidative burst in neutrophils and stimulate
oxygen radical species production,[49-51] enhance phagocytosis,[49] chemoattract
granulocytes,[7,52] and reduce neutrophil apoptosis.[53] Interestingly, these findings have
been described in normal pregnant women.[26,27,54] Activated phagocytic cells have the
ability to cleave C5 into C5a and C5b fragments.[55-57] Vogt et al. showed that oxidants
generated by PMN myeloperoxidase and kallikrein activity resulted in the cleavage of C5 and
subsequent production of C5a.[56,58] Additionally, the enzymatic activity of neutrophil
elastase[57,59] and macrophage serine protease[55] can also lead to the generation of this
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anaphylatoxin. Considering that pregnancy is associated with an increase in the white blood
cell count,[25] as well as “activation” of granulocytes and monocytes,[26,27] these may, at
least in part, explain the increased C5a concentrations.

It is unknown when complement split products C3a, C4a and C5a begin to rise during normal
gestation. However, our results indicate that their plasma concentrations remain unchanged
from 20 weeks of gestation to term. Previous studies by Baines et al.[32] and Kitzmiller et al.
[34] reported no difference in plasma CH50 concentration in the first trimester when compared
to those of non-pregnant women. Stabile et al.[60] did not observe a correlation between
maternal complement protein concentrations (C3, C4, factor B) and gestational age during the
second trimester, but the interval period of the study was short. Kovar et al.[61] reported similar
results during the third trimester. The weak positive correlation between plasma concentration
of C3a and the other two anaphylatoxins studied (C4a and C5a) support the view that not all
C3a peptides are generated after C4, and that other routes of complement activation may be
involved (i.e., alternative pathway). Similarly, other factors besides C3 activation may be
involved in the production of C5a, as previously described.[55-57,59]

In conclusion, our study demonstrated that normal pregnancy is associated with increased
maternal plasma C3a, C4a and C5a concentration. The activation of the complement system
constitutes further evidence of activation of the innate immune system during normal
pregnancy. We propose that complement activation may compensate for the decreased adaptive
immunity observed in normal pregnancy, and is aimed to protect the host (mother and/or fetus)
from microorganisms and other potential antigens.

Reference List
1. Carroll MC. The complement system in regulation of adaptive immunity. Nat Immunol 2004;5:981–

6. [PubMed: 15454921]
2. Kim AH, Dimitriou ID, Holland MC, Mastellos D, Mueller YM, Altman JD, et al. Complement C5a

receptor is essential for the optimal generation of antiviral CD8+ T cell responses. J Immunol
2004;173:2524–9. [PubMed: 15294968]

3. Schumacher WA, Fantone JC, Kunkel SE, Webb RC, Lucchesi BR. The anaphylatoxins C3a and C5a
are vasodilators in the canine coronary vasculature in vitro and in vivo. Agents Actions 1991;34:345–
9. [PubMed: 1810146]

4. Cochrane CG, Muller-Eberhard HJ. The derivation of two distinct anaphylatoxin activities from the
third and fifth components of human complement. J Exp Med 1968;127:371–86. [PubMed: 4383923]

5. Gorski JP, Hugli TE, Muller-Eberhard HJ. C4a: the third anaphylatoxin of the human complement
system. Proc Natl Acad Sci U S A 1979;76:5299–302. [PubMed: 291947]

6. Bokisch VA, Muller-Eberhard HJ. Anaphylatoxin inactivator of human plasma: its isolation and
characterization as a carboxypeptidase. J Clin Invest 1970;49:2427–36. [PubMed: 4098172]

7. Chenoweth DE, Hugli TE. Demonstration of specific C5a receptor on intact human polymorphonuclear
leukocytes. Proc Natl Acad Sci U S A 1978;75:3943–7. [PubMed: 279010]

8. Ward PA. The dark side of C5a in sepsis. Nat Rev Immunol 2004;4:133–42. [PubMed: 15040586]
9. Ahmed AE, Peter JB. Clinical utility of complement assessment. Clin Diagn Lab Immunol 1995;2:509–

17. [PubMed: 8548527]
10. Bengtson A, Heideman M. Anaphylatoxin formation in sepsis. Arch Surg 1988;123:645–9. [PubMed:

3282496]
11. Nakae H, Endo S, Inada K, Yoshida M. Chronological changes in the complement system in sepsis.

Surg Today 1996;26:225–9. [PubMed: 8727941]
12. Humbles AA, Lu B, Nilsson CA, Lilly C, Israel E, Fujiwara Y, et al. A role for the C3a anaphylatoxin

receptor in the effector phase of asthma. Nature 2000;406:998–1001. [PubMed: 10984054]
13. Langlois PF, Gawryl MS. Detection of the terminal complement complex in patient plasma following

acute myocardial infarction. Atherosclerosis 1988;70:95–105. [PubMed: 3258520]

RICHANI et al. Page 5

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2006 April 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



14. Wang Y, Rollins SA, Madri JA, Matis LA. Anti-C5 monoclonal antibody therapy prevents collagen-
induced arthritis and ameliorates established disease. Proc Natl Acad Sci U S A 1995;92:8955–9.
[PubMed: 7568051]

15. Moxley G, Ruddy S. Elevated C3 anaphylatoxin levels in synovial fluids from patients with
rheumatoid arthritis. Arthritis Rheum 1985;28:1089–95. [PubMed: 3876836]

16. Wild G, Watkins J, Ward AM, Hughes P, Hume A, Rowell NR. C4a anaphylatoxin levels as an
indicator of disease activity in systemic lupus erythematosus. Clin Exp Immunol 1990;80:167–70.
[PubMed: 2357842]

17. Tsuji RF, Kikuchi M, Askenase PW. Possible involvement of C5/C5a in the efferent and elicitation
phases of contact sensitivity. J Immunol 1996;156:4444–50. [PubMed: 8648091]

18. Xu C, Mao D, Holers VM, Palanca B, Cheng AM, Molina H. A critical role for murine complement
regulator crry in fetomaternal tolerance. Science 2000;287:498–501. [PubMed: 10642554]

19. Girardi G, Berman J, Redecha P, Spruce L, Thurman JM, Kraus D, et al. Complement C5a receptors
and neutrophils mediate fetal injury in the antiphospholipid syndrome. J Clin Invest 2003;112:1644–
54. [PubMed: 14660741]

20. Girardi G, Salmon JB. The role of complement in pregnancy and fetal loss. Autoimmunity
2003;36:19–26. [PubMed: 12765467]

21. McCormick JN, Faulk WP, Fox H, Fudenberg HH. Immunohistological and elution studies of the
human placenta. J Exp Med 1971;133:1–18. [PubMed: 4099714]

22. Sinha D, Wells M, Faulk WP. Immunological studies of human placentae: complement components
in pre-eclamptic chorionic villi. Clin Exp Immunol 1984;56:175–84. [PubMed: 6370518]

23. Tedesco F, Narchi G, Radillo O, Meri S, Ferrone S, Betterle C. Susceptibility of human trophoblast
to killing by human complement and the role of the complement regulatory proteins. J Immunol
1993;151:1562–70. [PubMed: 7687635]

24. Sacks G, Sargent I, Redman C. An innate view of human pregnancy. Immunol Today 1999;20:114–
8. [PubMed: 10203701]

25. Efrati P, Presentey B, Margalith M, Rozenszajn L. Leukocytes of normal pregnant women. Obstet
Gynecol 1964;23:429–32. [PubMed: 14128474]

26. Naccasha N, Gervasi MT, Chaiworapongsa T, Berman S, Yoon BH, Maymon E, et al. Phenotypic
and metabolic characteristics of monocytes and granulocytes in normal pregnancy and maternal
infection. Am J Obstet Gynecol 2001;185:1118–23. [PubMed: 11717644]

27. Sacks GP, Studena K, Sargent K, Redman CW. Normal pregnancy and preeclampsia both produce
inflammatory changes in peripheral blood leukocytes akin to those of sepsis. Am J Obstet Gynecol
1998;179:80–6. [PubMed: 9704769]

28. Comeglio P, Fedi S, Liotta AA, Cellai AP, Chiarantini E, Prisco D, et al. Blood clotting activation
during normal pregnancy. Thromb Res 1996;84:199–202. [PubMed: 8914219]

29. Stirling Y, Woolf L, North WR, Seghatchian MJ, Meade TW. Haemostasis in normal pregnancy.
Thromb Haemost 1984;52:176–82. [PubMed: 6084322]

30. Lin H, Mosmann TR, Guilbert L, Tuntipopipat S, Wegmann TG. Synthesis of T helper 2-type
cytokines at the maternal-fetal interface. J Immunol 1993;151:4562–73. [PubMed: 8409418]

31. Marzi M, Vigano A, Trabattoni D, Villa ML, Salvaggio A, Clerici E, et al. Characterization of type
1 and type 2 cytokine production profile in physiologic and pathologic human pregnancy. Clin Exp
Immunol 1996;106:127–33. [PubMed: 8870710]

32. Baines MG, Millar KG, Mills P. Studies of complement levels in normal human pregnancy. Obstet
Gynecol 1974;43:806–10. [PubMed: 4208314]

33. Hopkinson ND, Powell RJ. Classical complement activation induced by pregnancy: implications for
management of connective tissue diseases. J Clin Pathol 1992;45:66–7. [PubMed: 1740520]

34. Kitzmiller JL, Stoneburner L, Yelenosky PF, Lucas WE. Serum complement in normal pregnancy
and pre-eclampsia. Am J Obstet Gynecol 1973;117:312–5. [PubMed: 4199698]

35. Levy DL, Arquembourg PC. Maternal and cord blood complement activity: relationship to premature
rupture of the membranes. Am J Obstet Gynecol 1981;139:38–40. [PubMed: 7457518]

36. Holmes CH, Simpson KL, Okada H, Okada N, Wainwright SD, Purcell DF, et al. Complement
regulatory proteins at the feto-maternal interface during human placental development: distribution

RICHANI et al. Page 6

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2006 April 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of CD59 by comparison with membrane cofactor protein (CD46) and decay accelerating factor
(CD55). Eur J Immunol 1992;22:1579–85. [PubMed: 1376264]

37. Hsi BL, Hunt JS, Atkinson JP. Differential expression of complement regulatory proteins on
subpopulations of human trophoblast cells. J Reprod Immunol 1991;19:209–23. [PubMed: 1713970]

38. Buyon JP, Cronstein BN, Morris M, Tanner M, Weissmann G. Serum complement values (C3 and
C4) to differentiate between systemic lupus activity and pre-eclampsia. Am J Med 1986;81:194–200.
[PubMed: 3740078]

39. Massobrio M, Benedetto C, Bertini E, Tetta C, Camussi G. Immune complexes in preeclampsia and
normal pregnancy. Am J Obstet Gynecol 1985;152:578–83. [PubMed: 3893134]

40. Mellembakken JR, Hogasen K, Mollnes TE, Hack CE, Abyholm T, Videm V. Increased systemic
activation of neutrophils but not complement in preeclampsia. Obstet Gynecol 2001;97:371–4.
[PubMed: 11239639]

41. Johnson U, Gustavii B. Complement components in normal pregnancy. Acta Pathol Microbiol
Immunol Scand [C ] 1987;95:97–9.

42. Haeger M, Unander M, Norder-Hansson B, Tylman M, Bengtsson A. Complement, neutrophil, and
macrophage activation in women with severe preeclampsia and the syndrome of hemolysis, elevated
liver enzymes, and low platelet count. Obstet Gynecol 1992;79:19–26. [PubMed: 1727579]

43. Hasty LA, Lambris JD, Lessey BA, Pruksananonda K, Lyttle CR. Hormonal regulation of complement
components and receptors throughout the menstrual cycle. Am J Obstet Gynecol 1994;170:168–75.
[PubMed: 7507644]

44. Sundstrom SA, Komm BS, Ponce-de-Leon H, Yi Z, Teuscher C, Lyttle CR. Estrogen regulation of
tissue-specific expression of complement C3. J Biol Chem 1989;264:16941–7. [PubMed: 2674144]

45. Cohen AJ, Laskin C, Tarlo S. C1 esterase inhibitor in pregnancy. J Allergy Clin Immunol
1992;90:412–3. [PubMed: 1527327]

46. Halbmayer WM, Hopmeier P, Mannhalter C, Heuss F, Leodolter S, Rubi K, et al. C1-esterase inhibitor
in uncomplicated pregnancy and mild and moderate preeclampsia. Thromb Haemost 1991;65:134–
8. [PubMed: 2053098]

47. Ogston D, Walker J, Campbell DM. C1 inactivator level in pregnancy. Thromb Res 1981;23:453–5.
[PubMed: 7324006]

48. Imrie HJ, McGonigle TP, Liu DT, Jones DR. Reduction in erythrocyte complement receptor 1 (CR1,
CD35) and decay accelerating factor (DAF, CD55) during normal pregnancy. J Reprod Immunol
1996;31:221–7. [PubMed: 8905554]

49. Mollnes TE, Brekke OL, Fung M, Fure H, Christiansen D, Bergseth G, et al. Essential role of the C5a
receptor in E coli-induced oxidative burst and phagocytosis revealed by a novel lepirudin-based
human whole blood model of inflammation. Blood 2002;100:1869–77. [PubMed: 12176911]

50. Sacks T, Moldow CF, Craddock PR, Bowers TK, Jacob HS. Oxygen radicals mediate endothelial
cell damage by complement-stimulated granulocytes. An in vitro model of immune vascular damage.
J Clin Invest 1978;61:1161–7. [PubMed: 207729]

51. Goldstein IM, Roos D, Kaplan HB, Weissmann G. Complement and immunoglobulins stimulate
superoxide production by human leukocytes independently of phagocytosis. J Clin Invest
1975;56:1155–63. [PubMed: 171281]

52. Shin HS, Snyderman R, Friedman E, Mellors A, Mayer MM. Chemotactic and anaphylatoxic fragment
cleaved from the fifth component of guinea pig complement. Science 1968;162:361–3. [PubMed:
4175690]

53. Perianayagam MC, Balakrishnan VS, King AJ, Pereira BJ, Jaber BL. C5a delays apoptosis of human
neutrophils by a phosphatidylinositol 3-kinase-signaling pathway. Kidney Int 2002;61:456–63.
[PubMed: 11849385]

54. von Dadelszen P, Watson RW, Noorwali F, Marshall JC, Parodo J, Farine D, et al. Maternal neutrophil
apoptosis in normal pregnancy, preeclampsia, and normotensive intrauterine growth restriction. Am
J Obstet Gynecol 1999;181:408–14. [PubMed: 10454692]

55. Huber-Lang M, Younkin EM, Sarma JV, Riedemann N, McGuire SR, Lu KT, et al. Generation of
C5a by phagocytic cells. Am J Pathol 2002;161:1849–59. [PubMed: 12414531]

56. Vogt W. Complement activation by myeloperoxidase products released from stimulated human
polymorphonuclear leukocytes. Immunobiology 1996;195:334–46. [PubMed: 8877407]

RICHANI et al. Page 7

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2006 April 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



57. Ward PA, Hill JH. C5 chemotactic fragments produced by an enzyme in lysosomal granules of
neutrophils. J Immunol 1970;104:535–43. [PubMed: 4985169]

58. Vogt W, Damerau B, von Z I, Nolte R, Brunahl D. Non-enzymic activation of the fifth component
of human complement, by oxygen radicals. Some properties of the activation product, C5b-like C5.
Mol Immunol 1989;26:1133–42. [PubMed: 2561180]

59. Vogt W. Cleavage of the fifth component of complement and generation of a functionally active
C5b6-like complex by human leukocyte elastase. Immunobiology 2000;201:470–7. [PubMed:
10776801]

60. Stabile I, Nicolaides KH, Bach A, Teisner B, Rodeck C, Westergaard JG, et al. Complement factors
in fetal and maternal blood and amniotic fluid during the second trimester of normal pregnancy. Br
J Obstet Gynaecol 1988;95:281–5. [PubMed: 2967090]

61. Kovar IZ, Riches PG. C3 and C4 complement components and acute phase proteins in late pregnancy
and parturition. J Clin Pathol 1988;41:650–2. [PubMed: 3260246]

RICHANI et al. Page 8

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2006 April 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Plasma anaphylatoxin concentrations in non-pregnant and pregnant women. Please note the
difference of the scales on the y-axis between A, B and C. A, The median plasma concentration
of C3a was higher in normal pregnant women than nonpregnant women (median 2364.7 ng/
ml, range 557.9 – 6642.7 ng/ml vs. median 1340.4 ng/ml, range 367.4 – 6722.4 ng/ml;
p<0.001). B, Normal pregnant women had a median plasma C4a concentration higher than
nonpregnant women (median 10125.4 ng/ml, range 850.7 – 32640 ng/ml vs. median 2625.4
ng/ml, range 304 – 21380 ng/ml; p<0.001). C, Normal pregnant women had a median plasma
C5a concentration higher than nonpregnant women (median 12.4 ng/ml, range 1.2 - 87.1 ng/
ml vs. median 4.1 ng/ml, range 0.9 - 13.1 ng/ml; p<0.001).
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Figure 2.
Relationship between plasma anaphylatoxin concentrations and gestational age. In normal
pregnant women, the plasma C3a, C4a and C5a concentrations did not show a correlation with
advancing gestational age from 20 weeks to term (C3a r = −0.16, P=0.05; C4a r = −0.08,
P=0.35 and C5a r = 0.15, P=0.08).
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Table I
Clinical characteristics of the study groups and plasma anaphylatoxin concentrations

No pregnancy n = 40 Normal pregnancy n = 134 P

Age (y) 26 (18-40) 25 (17-40) 0.33
Gestational age at venipuncture (wks) -- 35.5 (20-41.7)
Gestational age at delivery (wks) -- 39.2 (37-42.4)
Birthweight (g) -- 3345 (2610-4080)
C3a (ng/ml) 1340.4 (367.4 - 6722.4) 2364.7 (557.9 - 6642.7) <0.001*

Quartiles
25 1007.3 1723.5
75 2440.1 3120.3

C4a (ng/ml) 2625.4 (304 - 21380) 10125.4 (850.7- 32640) <0.001*
Quartiles

25 1609.9 5481.2
75 4567.9 15872.5

C5a (ng/ml) 4.1 (0.9 - 13.1) 12.4 (1.2 - 87.1) <0.001*
Quartiles

25 2.54 8.6
75 6.9 17.3

Values are expressed as median (range)

*
Statistically significant, P < 0.05
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