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Anti-GM,; antibodies of the immunoglobulin M (IgM) isotype are normal components of the antibody
vepertoire of adult human serum. Using a sensitive high-performance thin-layer chromatography (HPTLC)
immunostaining assay, we found that these antibodies were absent in the umbilical vein and children <1
maonth of age but could be detected after 1 month of age. Although most of the children older than 6 months
of age were positive, there were still a few negative children. The appearance of anti-GM; IzM antibodies
showed a perfect concordance with two well-characterized antibacterial antibodies, anti-Forssman and anti-
Wood group A, which indicates a similar origin. We also studied TgM reactivity with lipopolysaccharides
(LPSs) from gram-negative bacteria isolated from stool samples from healthy babies and from Escherichio colf
HB101 in serum from individuals of different ages. We found a positive reaction with both LPSs in all the
children more than 1 month of age analyzed, even in these that were negative for anti-GM, antibodies.
Anti-GM; IgM antibodies were purified from adult serum by affinity chromatography and tested for the ability
to bind LPSs from different bacteria. This highly specific preparation showed reactivity only with LIPS from a
strain of Campylobacter fefuni isolated from a patient with diarrhea. We conclude that normally eccurring 1M
antibodies are generated after birth, probably during the immune defense against specific bacterial strains.

Antibodies reacting with GM, are clearly associated with
maotor nenropathies (11, 14, 18). Although the pathogenic role
of the antibodies in the disease is still uncertain, cumulative
evidence suggests that they are primarily mvolved {1, 17, 19,21,
22, 24). In contrast, very little information i available about
how these autoantibodies are originated. Anti-GM; immuno-
globulin M (IgM) antibodies are part of the antibody reper-
toire of normal humans (%) and similar antibodies but with
higher affinity have been found i patients with neuropathy (6,
10}, Studies of anti-GM,; IgM antibodies (13} cloned from
neuropathy patients have shown that they are encoded by
somatically mutated diverse ¥V genes. In contrast, although an
antibody response can be obtained by immunization of animals
with GM,, only low-affinity antibodies can be generated (5, 7).
Consistent with these findings, all the mouse monoclonal an-
tibodies characterized so far are encoded by genes close to the
germ line configuration, with few mutations (25).

Based on comparative studies of experimentally induced
versus disease-associated antibodies, high affinity has been pos-
tulated as a disease determinant factor in anti-GM, antibodies
(7}, but the origin of the high-affinity antibodies is still hypo-
thetical. Two different hypotheses have been proposed for ex-
plaming the appearance of anti-GM, antibodies in disease, the
antigen mimicry hypothesis (2, 3a, 15, 27) postulates a cross-
reactive immune response originally directed to Campyiohacter
Jjejuni lipopolysaccharides {LPSs), and the binding site drift
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hypothesis {6, 8) proposes that the orgin of disease-associated
{high-affinity) antibodies s spontaneous mutations m the bind-
ing site of normally occurring antibodies. An unresolved point
of the second hypothesis 15 the origin of nomally occurring
antibodies. Since the pioneering work of Springer {209, it had
been widely accepted that naturally occurring antibodies rec-
ognizing defined glycans such as the Forssman and blood
group antigens are produced in response 1o intestinal or respi-
ratory tract bacteria. In the present paper, we present evidence
indicating a similar origin for anti-GM; IgM antibodies in
healthy humans.

MATERIALS AND METHODS

Homan sermm. Umbilical wein blood samples were obtained shortly aflier
delivery. Adult blood was obtained from healthy volunteers with pegative serol.
ogy for common infectious diseases. After clol separation (usually kess than 3 h
after extraction), the serum was frozen at =70°C uptil use. For infants, we used
senum samples extracted lor nsonatal sereening (babies kess than 1 week old) or
presurgery control (children more than 1 month of age},

Glyeolipids, GM,, Gy, and GDy, were obtained from human brains, Asialo-
GM, (GA;) was prepared by acid hydrolysis of cow brain ganglicsides (3).
Forssman and blood group A giyeolipids were obiained from sheep enthrocyies
and human A meconium, respectively, Glycolipids were purified by DEAE chro
matography (26} and high-pressure liquid chromatography (HPLC) on an lat-
robeads silica gel column (23),

Bacterial growth conditions and extraction of LPS, Comgplobacter jgm Bo-
latex! from 3 patient with diaerhea was grown on blood agar (Columbia agar base
supplemented with 3% human blood and fetal bovine serum) at42°C for 48 hin
a microacrobic atmosphere, Aerobic conditions, 37°C, 45 b, and EME growth
medium wers wed for Escherichia coli HB10W, Salmonella ententidis, Shipella
Aexners, and cultures obtained from stool sampies from the babies. Bacterial
biomass was harvested and [PSs were extraclted with the miniphenol-water
method {16}, LPS from Escherichia coli 0127-B8 and Freudoniones eerginos
serotype 10 wene from Sigma (St Lowis, Mo.).
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FIG. 1. Antiglvean IgM antibodies in normal human serum. Forss-
man and blood group A glveolipids (lane 1, upper and lower bands,
respectively), and gangliosides GaA,, GM,, GD,_, and Gy, (lane 2,
top to hottom) were separated by HFTLC as described in Materials
and Methods, Plates were incubated with the stated human serum, and
after being washed, IgM antibody binding was detected with peroxi-
dase-labeled anti-human 1gM antibodies. One plate was stained with
orcinol reagent for chemical detection of glycolipids.

HPTLC immvunestaining. Glycolipids (0.3 nmol each) and LPS (50 pp or
amounts equivadent o 3 mg of bacteria) were separated on high-performance
thin-layer chromatograply (HFTLC) plates in running sobvent containing chlio-
roforme-methanol-agqueeons (.2% CaCl, (4545100 and 2-propanol-7% NH,(OH)
(6:4), respectively, with a tank designed 10 obtain highly reprlucible chromato-
grams {12} After air drying, the plates were comed by being dipped for 2 min in
a 5% solution of polyisobutylmethaerylate (Plexigum P28; Rohm and Haas,
Drarmestaddt, Germany) in w-hexane-chloroform (9:1). The plates were blocked
with 15 bovine serum albumin in phosphate-buffered saline containing 0,05%
Twean 20 (BSA-PBSL) for 1 b, incobated overnight with BSA-PBSt-diluted
serum (1100, and washed thorooghly with PBSt, Binding was detected afier 2 h
of incubation with BSA-PESt-diluted (1:1,000) peroxidase-conjugated anti-ho-
man IgM (i chain) goat antibodies (Sigma). All the incubation steps were
performed at 470 Alter washing, color development was achieved in a substrate
solution comtaining 2.8 mM 4-chloro-1-paphihol and 001% Ho0; in metha-
nol-20 mM Triz-HO1 balfer, pH 7.4 (1:29), The reaction wis stopped after 20
min by washing the plates with PBSE.

Preparation of GM, affinity cobumn. The method wsed, modified from that of
Hirsbayashi et al. (4), was previously found to be suitable for separation of
anti-CGid antiboedy populations (6). Brielly, 1.5 mi of methanol-agqueous 0.2 M
K1 (1:1) contaming (025 pmol of GM,; was added 10 1 ml of octyl-Sepharose
{Sigma). The mixture was rotated end over end for 1 b at room lemperature.
Adter removal of the solwtion, the gel was washed three times with 5 volumes of
PBS. The remaining steps were performed a1 4°C, Small portions of the gel were
loaded in a calibrated column and wished with PBS. Serum (1 ml per 0.1 ml of
gel) was passed through the column five times. The column was washed with
PBS, amd retained antibodies were eluted with 1 M KSCN in PBS (10 bed
vidumes) and desalied in Sephadex G-25 columns, Fractions were supplemented
with BSA (19 final concentration), aliquoted, and frozen at =70°C wntil use.

RESULTS

Using HPTLC immunostaining, we screened samples of nor-
mal human serum, searching for antibodies that reacted with
GM, and related glyeolipids (Fig. 1). As we deseribed previ-
ously (%), anti-GM, IgM antibodies cross-reacting with GA,
and Gy, were detected in all the adults tested. In contrast, we
failed to detect them in umbilical vein serum samples, even at
very low serum dilutions (1:2). Antibody binding was observed
when an appropriate amount of aflinity-purificd anti-GM, an-
tibodies from adult serum was mixed with umbilical vein serum
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FIG. 2. Normal buman serum IghM antibody binding to bacterial
L.PSs LPSs from gram-pegative bacteria isolated from stool samples
from healthy babies (lane 1) and from Escherncfifo colf HEL0L (lane 2)
were prepared by the miniphenol-water method (16), Both prepara-
tions and GM,; (lane 3) were separated by HPTLC and assaved for
IgM antibody binding as described in Materials and Methods, Serum
samples from an umbilical vein, an adult, and two children were used.
Motice the absence of anti-GM,; [gM antibody binding in the serum
sample from the S-month-old child. Arrows indicate a nonspecific spot
originating from the culture medium.

{results not shown), indicating that if they were present, these
antibodies should have been detected by the method wsed.
Anti-GM, antibody binding reactivity was also absent in very
young babies (5 w 10 days old), but it began w be detectable
after approximately 1 month of life. The incidence of these
antibodies in serum samples [rom umbilical veins (n = 6),
children 5 o 10 days old (n = 7), children 1 to 5 months old,
6 1o 12 months old, and 13 to 24 months old (n = 42), and
adults (n = 12) was 0, 0, 30, 88, 100, and 100%, respectively.
Although most of the children older than 6 months had these
antibodies, it is important (o highlight that there were still
some negative individuals.

In addition to anti-GM, antibodies, we also searched for
IzM antibodies reacting with two other glycans, the Forssman
and blood group A glycolipids (Fig. 1). Comparing anti-GM,
with anti-Forssman antibodies, a perfect concordance was ob-
served: when one reactivity was absent or present in a serum,
the other was also absent or present, respectively. Similar re-
sults were observed with anti-A antibodies when only non-A
individuals were considered. 1t have been clearly demonstrated
that anti-Forssman and anti-A antibodies are produced in re-
sponse 1o bacteria (20). Consequently, these resulls are strong
evidence of a similar origin for normal anti-GM, antibodies,

LPSs are the main glycan-carrying molecules in gram-nega-
tive bacteria. LPS from gram-negative bacteria isolated from
stool samples from healthy babics and LPS from Escherichia
cofil IB101 were prepared and assayed for antibody binding.
As shown in Fig, 2, adult serum contained IgM antibodies to
both LPSs, but they were not detected in umbilical vein serum
samples. Babies less than 1 week old were also devoid of
anti-LPS antibodies (results not shown), and as expected, they
started 1o appear later on. Interestingly, antibodies o LPS
were detected in serum samples from children that were neg-
ative for anti-GM, antibodies (Fig. 2). These resulls suggest
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FIG. 3. Cross-reactivity of anti-GM,; antibodies with LIPS from £
O127-88 (lane 1), gram-negative bacteria isolated from stool samples
rom healthy babies (lane 2), Fsendomonas aemginosa scrolype 10
(lome 3), Shigello flemend (lane 4), Salmonella enceriidis (lane 5),
Campylabacter jefuni isolate 1 and C. jefuni isolate 2 (lane 6), were
chromatographed together with GM, (lane 8) and assayed for IgM

antibody binding as described in Materals and Methods. HPTLC

plates were incubated either with total adull serum samples (lane 7) or
(B) their anti-GM, IgM antibodies purified by affinity chromatography
(C). One plate was stained with orcinol reagent (A). The asterisk
indicates 2 nonspecific spol onginating from the colture medium,

that anti-GM, antibodies are not related o the immune re-
sponse 1o symbiotic bacteria.

Adult anti-GM, antibodies were purified with a GM, col-
umn (6. The antibody preparation obtained was highly specific
and did not contain anti-Forssman or anti-A antibodies (re-
sults not shown). When this preparation was assayed [or bind-
ing to LPSs obtained from different bacteria, we found that
most of the anti-LPS activity present in toial serum disap-
peared (Fig. 3). However, anti-GM, antibodies reacted with
LIPS from a local isolate of Campylobacter jejuni. When these
L.PSs were assayed with serum samples from children, we
found results similar 1o those obtained with LPSs from normal
flora bacteria; anti-LPS antibodies were not detected in sam-
ples from umbilical veins and babies less than 1 week old but
were found in older children, even in those with negative re-
activity to GGM, (resulis not shown).

INFECT, MU,

DISCUSSION

Normal adult human serum contains anti-GM, antibodies of
the IgM isotype (9). They are relatively low-aflinity antibodies,
cross-reacting with GA, and GD,, and probably devoid of
GM-mediated biological activity (10). Since early experiments
showed that they were not present in umbilical vein serum, we
studied infant serum to search for the time of their appear-
ance. As expected, they were also absent in babies less than 1
week old but could be detected afier a few months of life. The
appearance of anti-GM, antibodies seems o be related 1o the
immune response Lo bacteria, because they showed a perfect
concordance (100%:) with the presence of two anti-glycan IgM
antibodies identificd as typical antibacterial antibodics, anti-
Forssman and anti-blood group A. Both antibodies are con-
sidered to originate in response to bacteria that colonize the
intestinal or respiratory tract (20).

Triggering of the production of anti-GM, antibody by bac-
teria can be achieved by at least two mechanisms, by polyclonal
lymphocyte activation through a bystander elfect of infection, if
these antibodies are part of the collection of natural antibod-
ics, and by an antigen-specilic immune response. Considering
that bacterial colonization of the body starts early after hirth,
the absence of antibodies in some children more than 1 month
of age indicates that symbiotic bacteria are not involved in
their generation. This idea is additionally supported by the
facts that serum lacking anti-GM, antibodies reacted with 1LPS
obtained [rom gram-negative bacieria isolated from stool sam-
ples from babies and with £, coli HB101 and that aflinity-
purificd anti-GM, antibodies did not react with these LPSs,
Although antibody concordance is a clear evidence of the an-
tibacterial origin of the anti-GM, antibodies, the rest of the
results indicate that bacteria, at least those belonging w nor-
mal flora, are not mainly responsible for their generation.

These apparently contradictory results can be explained if
we think of an infection with a particular bacterium. In order
to search for a bacterial candidate that could act as the im-
munogen for anti-GM, antibodies, LPSs from different bacte-
ria were assayed for reactivity against anti-GM, 1gM antibod-
ies aflinity purified from an adult human. This highly specific
antibody preparation only reacted with LPS from a €. fejuni
strain insolated from the stool sample of a patient with diar-
rhea but not with other bacterial LPSs, including LPS from a
second C. jejuni strain insolated from a different patient. In-
terestingly, children more than 1 month of age, even those
negative for anti-GM, antibodies, showed immunoreactivity
with LIPSs from both strains, highlighting the high strain spec-
ificity of anti-GM; antibodies.

Our results indicate that normally occurring IgM antibodies
are generated after birth during the immune defense against
specific bacterial strains. In our study, a strain of C, jejuni was
identified as a candidate for immunogenicity, but other bacte-
ria not related to diarrhea can also be the immunogen respon-
sible. If this bacterium is the immunogen for the antibody
production, it appears that an episode of diarrhea is not nec-
essary: in the general population, most children are positive for
anti-GM, after 1 year of life, but few of them have had the
disease associated with C. jejuni infection. Subclinical or
asymptomatic infection, commonly observed in developing
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