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ABSTRACT: Intrauterine infection is associated with chorioamnio-
nitis (CAM), which can lead to preterm delivery. We previously
reported that the levels of IgM and the incidence of CAM were
elevated in preterm infants with neonatal pulmonary emphysema.
The pathogen and target of this IgM remain unclear. By using
Western blot and amino acid sequences, we have determined one of
the target proteins: annexin A2. Immunohistochemical analysis
showed that annexin A2 was expressed at fetal chorion and amnion
membranes. Among very low birth weight (VLBW) infants with
hyper-IgM (�30 mg/dL), 58.8% showed a high titer against annexin
A2 (more than �16), which accounted for about 20%–40% of the
total IgM. Anti-annexin A2 IgM antibody inhibited plasmin genera-
tion. Furthermore, the median of anti-annexin A2 IgM titer from
preterm infants who were delivered with high-grade (grade III) CAM
was significantly higher than those from preterm infants without
CAM (p � 0.011) and with low-grade CAM (grade I and II) (p �
0.010). Here, we indicate the fetal autoimmunoreactivity against the
fetomaternal interface in preterm infants. (Pediatr Res 60: 699–704,
2006)

CAM is a pathologic status of the placental membranes and
is often interpreted as an intrauterine inflammatory re-

sponse. CAM is present in 70%–80% of preterm births of
�30 wk of gestational age (1,2). It is reported that the
pathogenesis of CAM is associated with microbial invasion of
the amniotic cavity (3,4) and that the level of inflammatory
cytokines is elevated in the amniotic fluid and fetuses affected
by CAM (5). These elevated cytokine levels are associated
with an increased risk of bronchopulmonary dysplasia (BPD),
periventricular leukomalacia, and necrotizing enterocolitis in
preterm infants (6,7). This status is called fetal inflammatory
response syndrome (FIRS) (8).

Despite developments in medical treatment, BPD is, to date,
one of the most important disorders for the morbidity and

mortality of preterm infants (9). Neonatal pulmonary emphy-
sema is a severe type of BPD (10). We reported that this
pulmonary emphysema syndrome was significantly associated
with both CAM and elevated serum IgM levels (11,12).
However, the target molecule of this IgM remains unknown.

Annexins bind to negatively charged phospholipids in a
calcium-dependent manner (13). Annexin A2 has been impli-
cated in membrane attachment, endocytosis, and exocytosis,
which are pivotal for various pathogens to interact with the
host cells (14–20). On the other hand, annexin A2 also
functions as a modulator in immunologic clearance and for
procoagulant and anticoagulant remodeling factors in vascular
damage: phagocytosis (19), bridging macrophage with secre-
tory leukocyte protease inhibitor (14), von Willebrand factor
secretion after histamine stimulation (20), and fibrin clot
dissolution (21,22). The protein promotes fibrinolysis on the
apical surfaces of vascular endothelial cells by serving as a
platform for the binding of plasminogen and tissue-
plasminogen activator (t-PA). This permits the efficient cleav-
age of plasminogen by t-PA for producing the fibrinolytic
enzyme, plasmin (22). Overexpression of annexin A2 occurs
in the leukocytes of a subset of patients having the hemor-
rhagic form of acute promyelotic leukemia (23). The produc-
tion of anti-annexin A1 and A2 autoantibodies commonly
occurs in lung cancer and is associated with high circulating
levels of interleukin-6 (24). It has recently become clear that
certain dysregulations in annexin expression and activity can
be correlated with human diseases, which has led to the
introduction of the term annexinopathies (25).

In this study, we investigated the target molecules of ele-
vated IgM in preterm infants and found that one of the targets
is a host cellular protein, annexin A2.

METHODS

Clinical features of hyper-IgM. Among 6086 infants admitted from 1981
to 2004, 2433 were VLBW infants (birth weight �1500 g) and 1966 cord
bloods were analyzed for their IgM levels. Pathologic examinations were
given to all placentas. Grading of CAM was determined according to Blanc’s
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criteria (26). Acute and subacute CAM was classified according to the
previous description (27).

Antigen preparation. All clinical specimens were taken after informed
consent was obtained and approved by the Ethics Committee of Osaka
Medical Center and Research Institute for Maternal and Child Health. Antigen
preparation was performed to isolate plasma-membrane–enriched endothelial
cell fraction by modification of the methods of Hajjar and Hamel (28). Briefly,
umbilical arteries were prepared from a fresh normal umbilical cord with
forceps and scissors. These were minced in phosphate-buffered saline con-
taining 1 mmol/L ethylenediaminetetraacetic acid and 1 mmol/L phenylmeth-
anesulfonylfluoride, and centrifuged at 3000 � g at 4°C for 5 min. The pellet
was homogenized and recentrifuged at 3000 � g at 4°C for 5 min. Superna-
tants from these two centrifugations were mixed and centrifuged at 10,000 �
g at 4°C for 30 min. The supernatant was centrifuged at 100,000 � g at 4°C
for 1 h, and the pellet was designated the 100-K membrane fraction and used
in further analysis.

IgM target protein determination. The 100-K membrane fraction was
analyzed by Western blot. The transferred membrane was incubated with
human sera from infants with hyper-IgM as a primary antibody and with
horseradish peroxidase–conjugated anti-human IgM antibody (Sigma Chem-
ical Co.-Aldrich, St. Louis, MO) as a secondary antibody. Next, 36-kD
protein was digested with trypsin (Boehringer Mannheim, Indianapolis, IN).
The trypsinized peptides were fractioned by micro high-performance liquid
chromatography (HPLC). Automated Edman degradation of samples was
performed using a protein sequencer (ABI 477A).

The 100-K membrane fraction was dissolved and the anti-annexin A2
mouse F(ab)=2 IgG antibody (BD Biosciences, San Jose, CA) was added and
incubated at 4°C overnight. Protein A/G PLUS Agarose SC-2003 (Santa Cruz
Biotechnology, Santa Cruz, CA) was added to the lysate and incubated at 4°C
overnight. The immunocomplex was dissociated from the beads and analyzed
by Western blot with sera of patients as a primary antibody.

Immunohistochemistry. After deparaffinization and hydration, the sec-
tions were soaked in 10 mmol/L sodium citrate buffer (pH 6.0), and an antigen
was retrieved. The slides were fixed in methanol containing 0.3% hydrogen
peroxide, the sections were incubated with anti-annexin A2 antibody (BD
Biosciences), and the immunoreactivity was detected with a Vector Elite ABC
Kit (Vector Laboratories Inc., Burlingame, CA). Sections were counterstained
with Mayer’s hematoxylin.

Production of recombinant human annexin A2 and enzyme-linked im-
munosorbent assay (ELISA). We constructed an expression system for
recombinant human annexin A2 by Pichia pastoris (29). The recombinant
annexin A2 (10 ng/�L) was coated on a 96-well microtiter plate (Corning
Inc., Corning, NY) and incubated at 4°C overnight. The serum of patients was
serially diluted twofold and added into each well. The specific IgM against
annexin A2 was detected with horseradish peroxidase–conjugated anti-human
IgM antibody at room temperature for 1 h and colored with o-
phenylenediamine (Sigma Chemical Co.-Aldrich).

Absorption of serum to recombinant annexin A2. To examine the pro-
portion of anti-annexin A2 IgM antibody in total serum IgM, we measured the
levels of IgM (Easy-Titer Human IgM Assay Kit, PIERCE, Rockford, IL)
with or without absorption to recombinant annexin A2. Briefly, 50 �L of
diluted sera (1:100) from each of four anti-annexin A2 IgM high-titer patients
and three normal adults were added into an annexin A2–coated plate (500 ng
of recombinant annexin A2 per well) and incubated at 4°C overnight. The
complete absorption of anti-annexin A2 IgM antibody to the plate was
confirmed by ELISA. These sera were finally diluted at 1:1000, and 20 �L of
the sera were incubated with 20 �L of anti-human IgM sensitized beads at
room temperature for 5 min and the absorbance was measured at 405 nm by
Microplate Reader, Model 3550 (Bio-Rad, Tokyo, Japan).

IgM purification and inhibition assay for plasmin generation. One
hundred forty microliters of sera from each three anti-annexin A2 IgM
high-titer patients and three normal adults were used to purify IgM. First, to
remove IgG, protein A/G plus agarose SC-2003 was used and then IgM was
purified using an IgM purification kit (HiTrap IgM Purification Column;
Amersham Pharmacia Biotech, Uppsala, Sweden) according to the manufac-
turer’s instructions. The purity of IgM was confirmed by Western blot using
anti-human IgM antibody (data not shown).

For the plasmin generation inhibition assay, the 100-K membrane fraction
containing annexin A2 was suspended in 20 mmol/L phosphate buffer (pH
7.5) (final concentration of 6.6 �g/mL) and incubated with or without the
purified IgM antibody (0.02 �g/�L) at 37°C for 30 min. Prepared samples
were then incubated with N-terminal glutamic acid plasminogen (0.1 �mol/L;
Carbiochem, Darmstadt, Germany) at 37°C for 1 h to form the annexin
A2–plasminogen complex. Both t-PA (0.01 �mol/L; Technoclone, Vienna,
Brunnerstr, Austria) and a fluorogenic plasmin substrate Boc-Val-Leu-Lys-
MCA (125 �mol/L; Peptide Institute, Inc., Osaka, Japan) were added, and
substrate hydrolysis was measured at 2-sec intervals as relative fluorescent

units (RFU) with 380-nm excitation and 460-nm emission in a fluorescence
spectrometer (FP-6500, Jasco, Tokyo, Japan).

Statistical analysis. Statistical analysis was performed using the software
SPSS11.0 for Windows (SPSS Inc., Chicago, IL). First, we used the Pearson
correlation and regression analysis to determine the association between
anti-annexin A2 IgM titers and total serum IgM levels in patients with
hyper-IgM. Second, we analyzed the distribution of anti-annexin A2 IgM titer
for each group. Results were presented as medians and ranges. These distri-
butions were compared using the Kruskal-Wallis test, followed by the Mann-
Whitney nonparametric test. Third, in the plasmin generation inhibition assay,
initial rates of plasmin generation were calculated using linear regression
analysis of plots of RFU versus time2 and statistical analysis was conducted
using a t test. The study data are expressed as mean � SD; p � 0.05 was
considered significant.

RESULTS

Clinical features of 174 hyper-IgM patients. From 1981 to
2004, a total of 2433 VLBW infants (40.0% of all admitted
patients) were cared for in the neonatal intensive care unit
(NICU) in Osaka Medical Center and Research Institute for
Maternal and Child Health, Osaka, Japan, and 1966 (80.8% of
VLBW infants) sera from cord bloods were analyzed for their
IgM levels. One hundred seventy-four patients (7.2% of VLBW
infants) had congenital hyper-IgM. Of these, only six proved to
be infected with a specific pathogen by routine laboratory exam-
inations; five were infected with cytomegalovirus infections and
one with syphilis. One hundred forty-four placentas (86.7% of
patients with hyper-IgM on pathologic examination) showed
CAM, and only 22 patients did not (Fig. 1).
Annexin A2 as a molecular target of IgM. By using

Western blot, several proteins (three to nine per patient)
were reacted with IgM from 12 hyper-IgM patients, and a
36-kD protein was reacted frequently (8/12, 66.7%; Fig. 2A ).
In contrast, the protein was not detected in the age-matched
control serum (0/4). It was detected in the membrane fraction
of placenta and a cell line of human umbilical vascular
endothelial cells (data not shown). Trypsin digestion of the
36-kD protein, followed by HPLC separation of the resulting
peptides, gave rise to three major peaks whose N-terminal
amino acid sequences were determined as TNQELQEINR,
DLYDAGVK, LSLEGDXSTPPSAYGSVK, and AYTNF-
DAERDALNIETAIK. All these sequences were mapped to
annexin A2 (NCBI Accession No. NP001002858).

Figure 1. Incidence of hyper-IgM patients in Osaka Medical Center and
Research Institute for Maternal and Child Health, Osaka, Japan, 1981–2004.
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To test the immunoreactivity of the patients’ serum against
annexin A2, we purified annexin A2 from the 100-K mem-
brane fraction by immunoprecipitation with an anti-annexin
A2 antibody. The immunoprecipitated annexin A2 was then
used as an antigen source for Western blot detected by the
patient’s serum as a primary antibody, followed by anti-
human IgM antibody detection. In contrast to the IgM reac-
tivity to annexin A2, annexin A2 was not detected by anti-
human IgG antibody as a secondary antibody (Fig. 2B).

Localization of annexin A2 in placenta. To investigate the
localization of annexin A2 in utero, the expression pattern in
the placenta was examined by immunohistochemical staining.
The expression of annexin A2 was observed in amniotic
epithelial cells, chorionic trophoblasts, villous trophoblasts,
and villous endothelial cells both in term and preterm placen-
tas without CAM (Fig. 2C), which is consistent with a previ-
ous report (30). Furthermore, similar expression pattern was
observed in CAM placentas (data not shown).
Anti-annexin A2 IgM titer. ELISA for annexin A2 was

established to titrate the annexin A2 IgM antibody using the
recombinant human annexin A2 (29). Thirty-four cord blood
samples were collected from 1981 to 2004. The mean � SD
of their IgM levels was 110.05 � 84.54 mg/dL. Among the 34
patients with hyper-IgM, 20 (58.8%) showed high titer (more
than �16) against annexin A2 in their cord blood. In contrast,
in preterm infants without hyper-IgM (n � 5), term control
infants (n � 12), and normal volunteer adults (n � 10) (the
mean � SD of their IgM levels was 120.53 � 41.01 mg/dL),
the titer of anti-annexin A2 IgM antibody showed not more
than �16 (Fig. 3).

The association between the anti-annexin A2 IgM titer and
total serum IgM level was examined. The anti-annexin A2
IgM titer did not correlate with the levels of serum IgM (R2 �
0.041, p � 0.253; n � 34 samples, Fig. 4A).
Proportion of anti-annexin A2 IgM antibody in total

serum IgM. The proportion of annexin A2–specific IgM was
measured by comparing the levels of IgM with and without
absorption to recombinant annexin A2. The proportion of
anti-annexin A2 IgM in total IgM ranged from 29.1% to
38.5% among four annexin A2 high-titer IgM samples (two
samples showed �256 and two showed �512) (Fig. 4B). On
the other hand, the proportions of this IgM in three normal
control adults were small (0.0%–2.5%).
Anti-annexin A2 IgM functions as an inhibitor of plasmin

generation. To explore the contribution of anti-annexin A2
IgM antibody to preterm infants with hyper-IgM, we tested
whether purified IgM from anti-annexin A2 IgM high-titer
patients inhibited plasmin generation. In Figure 5, patients’

Figure 2. (A) IgM reacted with a 36-kD protein in 66.7% (8/12) of patients
with hyper-IgM. Lanes 1–12: cord blood sera from hyper-IgM patients; lanes
13–16: cord blood sera from normal term infants. (B) IgM reacted with the
immunoprecipitated annexin A2. Immunoprecipitation with serum from hy-
per-IgM patients (lanes 1 and 2) and anti-annexin A2 antibody (lane 3,
positive control). Lane 1, second antibody, anti-human IgM antibody; lane 2,
second antibody, anti-human IgG antibody. (C) Annexin A2 was expressed in
amniotic epithelial cells, chorionic trophoblasts, villous trophoblasts, and
villous endothelial cells in term and preterm placentas. (A–C) chorion and
amnion; (D, E) villi. The number at the top left corner indicates gestational
age. Arrows indicate 36 kDa (A, B).

Figure 3. 58.8% (20/34) of hyper-IgM patients showed high titer (more than
�16) against annexin A2. Preterm gestational ages, �37 wk. Term gesta-
tional ages, �37 wk. The short, bold, horizontal lines are the median for each
group.

Figure 4. (A) The anti-annexin A2 IgM titer did not correlate with the levels
of total IgM in patients with hyper-IgM. Open circles show patients who were
examined the proportion of anti-annexin A2 IgM in total IgM (R2 � 0.041; p
� 0.253). (B) The proportion of anti-annexin A2 IgM in total IgM; 1–4,
preterm infants with high titer of anti-annexin A2 IgM antibody; (5–7, normal
adults.
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IgM inhibited the plasmin generation more strongly compared
with control IgM (1.58 � 0.26 versus 0.20 � 0.06 RFU/min2,
n � 3, p � 0.001).
Relationship between the titer of anti-annexin A2 IgM

antibody and CAM. To examine the correlation between the
titer of anti-annexin A2 IgM antibody and CAM, we prospec-
tively titrated anti-annexin A2 IgM antibody in preterm in-
fants (gestational age �37 wk) who were admitted to the
NICU in and after 2005. A total of 37 cord blood specimens
were available; all their placentas were pathologically classi-
fied. Their mean gestational age was 29.4 � 3.9 wk, and their
mean birth weight was 1143.6 � 521.3 g (mean � SD). In this
study, first we divided subjects into three groups according to
Blanc’s classification; no CAM, low-grade CAM (grade I and
II), and high-grade CAM (grade III). The median titers of
anti-annexin A2 IgM antibody were �4 (range, �4–16) in
patients without CAM, �4 (range, �4–8) in patients with
low-grade CAM, and 4 (range, �4–512) in patients with
high-grade CAM. The titer of anti-annexin A2 IgM antibody
was significantly higher in patients with high-grade CAM than
in patients without CAM (p � 0.011) and in patients with
low-grade CAM (p � 0.010) (Fig. 6A). We classified nine
high-grade CAM placentas into acute CAM (n � 5; range,
�4–16) and subacute CAM (n � 4; range, �4–512). All
three placentas from anti-annexin A2 IgM high-titer patients
(more than �16) showed subacute grade III CAM, which was
considered as persistent inflammation in the chorion and
amnion (Fig. 6B).

DISCUSSION

Proinflammatory cytokines contribute to the morbidity of
preterm infants. The inflammatory cascade is activated by the
nuclear factor-�B pathway of the innate immunity triggered

by membrane Toll-like receptors (31,32). On the other hand,
little is known about the acquired immunologic response to
pathogens and inflammation in preterm infants.

Pentameric IgM plays important roles in primary antigen
trapping and complement activation (33). The level of IgM in
cord blood is about one tenth that of the adult level, and
elevation of IgM levels at birth is suggestive of intrauterine
infection. Recent studies indicate the involvement of low-
pathogenic microorganisms, such as Mycoplasma hominis,
Ureaplasma urealyticum, Ureaplasma parvum, Gardnerella
vaginalis (2), and oral pathogens (34), in intrauterine infec-
tions. However, only a small portion of newborns with hyper-
IgM show responsiveness to these microorganisms (35). Only
3.4% (6/174) of VLBW infants with hyper-IgM who were
admitted to NICU from 1981 to 2004 were serologically
diagnosed as having syphilis (one patient) and cytomegalovi-
rus infection (five patients) (Fig. 1).

Early studies on infantile immunoglobulin synthesis
showed that human neonatal B lymphocytes are capable of in
vitro synthesis of autoantibodies, which are typically of the
IgM class (36,37). The above findings led us to investigate the
autoimmunity, which may occur after microorganism clear-
ance, in cord blood from preterm infants. We identified an-
nexin A2, a host protein, as one of the target proteins of
hyper-IgM in preterm infants at a high rate (Fig. 3). Our report
is the first to demonstrate autoimmune fetal response in pre-
term infants associated with fetal inflammation.

ELISA titration for specific annexin A2 IgM antibody
showed two groups: high titer and low titer (Fig. 3). We
further analyzed the proportion of IgM in patients with a high
titer of annexin A2 IgM antibody. This high-titer group re-
vealed a high proportion of annexin A2 IgM in total serum
IgM antibody (n � 4, about 20%–40%, Fig. 4B). This result
suggested the restricted divergence of IgM, although the
statistical analysis of all analyzed patients between the titer of
anti-annexin A2 IgM and the levels of total IgM did not show
a significant correlation among all 34 patients with hyper-IgM
(Fig. 4A). This result might be affected by the pathogenic
microorganisms, the duration, and the severity of infection or
inflammation.

Annexin A2 can function as a coreceptor for plasminogen
and t-PA and acts as a positive modulator in the fibrinolytic

Figure 6. (A) The median titer of anti-annexin A2 IgM antibody was
significantly higher in patients with high-grade CAM than in patients without
CAM and in patients with low-grade CAM. *p � 0.011; **p � 0.010. (B)
Placentas from anti-annexin A2 IgM high-titer patients (more than �16)
showed subacute grade III CAM. The short, bold, horizontal lines are the
median for each group.

Figure 5. Patients’ IgM inhibited the plasmin generation. vertical axis, initial
rates of plasmin generation (RFU/time2). Control, IgM from normal human
adults (n � 3). Patients, IgM from anti-annexin A2 IgM high-titer patients (n �
3). *p � 0.001.
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cascade (22). This finding was consistent with our findings in
anti-annexin A2 IgM high-titer patients (Fig. 5) and indicated
that anti-annexin A2 IgM antibody functioned as a neutraliza-
tion antibody in our study. However, there were no significant
differences of fibrin deposition in the placenta between high-
titer patients and low-titer patients at the optical microscope
level (data not shown). Therefore, we prospectively analyzed
the statistical significance between anti-annexin A2 IgM titer
and CAM. We showed that the titer of anti-annexin A2 IgM
antibody was significantly higher in patients with high-grade
CAM than in patients without CAM and in patients with
low-grade CAM (Fig. 6A). From this result, we speculate the
titer of anti-annexin A2 IgM as a novel biomarker for the
severity of CAM.

Anti-annexin A2 antibody was first demonstrated as an
auto-IgM antibody in this study. A possible explanation for
the production of this specific autoantibody was the localiza-
tion, abundance, and immunogenic characteristic of annexin
A2. Immunohistochemical analysis showed that annexin A2 is
expressed at the fetal membrane of amnion, chorion, and
endothelial cells, especially in amnion (Fig. 2C). According to
Blanc’s classification, grade III (high-grade) CAM is defined
by the infiltration of the inflammatory cells from chorion to
amnion. Moreover, all three placentas from anti-annexin A2
IgM high-titer patients showed subacute grade III CAM,
which is persistent inflammation in the chorion and amnion
(Fig. 6B). From these observations, we speculate the mecha-
nism of annexin A2 IgM production as follows. First, amnion
was destroyed by infiltrated inflammatory cells. Annexin A2
was released from the membrane, which led to the production
of specific IgM. However, we have no evidence for the
hyperimmunogenic character of annexin A2. Another expla-
nation for anti-annexin A2 IgM production is the immaturity
of the B-cell function in the preterm infants. It has been
reported that the VHDHJH diversity in IgM transcripts in cord
blood from preterm infants (gestational age, 25–29 wk) shows
about 80% compared with the term neonates. The diversity of
the VH region gene repertoire is developmentally controlled
and independent of environmental influences. Further, 48% of
the cord blood from preterm infants had no N nucleotides
between DH and JH, indicating that fewer DNA rearrange-
ments were observed in preterm infants (38). This previous
report may support our data of the high proportion of the
specific antibody against annexin A2 in four high-titer preterm
infants.

In summary, we identified annexin A2 as the target of IgM
antibody in preterm infants. This is a first report about the
autoimmune IgM antibody produced by preterm infants at the
local area of the fetomaternal interface. The patients’ IgM
inhibited plasmin generation. The titer of this anti-annexin A2
IgM antibody might be able to function as the marker of high-
grade CAM, i.e. FIRS. Further studies are needed to clarify the
participation of this IgM antibody in developing CAM.
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