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ABSTRACT

Campylobacter jejuni (C. jejuni) enteritis is frequently associated with an axonal form of
Guillain-Barré syndrome (GBS). This condition presents with prominent axonal
degeneration but minimal lymphocytic infiltration, suggesting an involvement of
non-immune system factors. We recently reported that a C. jejuni DNA-binding protein
from starved cells (C-Dps) induces paranodal myelin detachment and axonal degeneration
through binding with sulfatide in vivo. Here, we aimed to investigate invasion of C-Dps
into hosts with C. jejuni-related GBS. We studied antibody responses to recombinant
C-Dps by ELISA and the presence of C-Dps by sandwich ELISA on blood samples from
42 patients with GBS (including 24 with C. jejuni-related disease), 148 with other
inflammatory neurologic diseases (OIND), 11 with C. jejuni enteritis, and 55 healthy
controls (HC). Antibodies against C-Dps in sera were significantly more common in C.
jejuni-related GBS patients (15/24, 62.5%) than in HC (0/55, 0%) or patients with OIND
(0/148, 0%) or C. jejuni enteritis (1/11, 9%), suggesting a heavier exposure to C-Dps in C.
jejuni-related GBS patients. C-Dps was detected in sera from C. jejuni-related GBS
patients (5/27, 14.8%) but not from HC (0/21), patients with GBS following respiratory
tract infection (0/16), or those with C. jejuni enteritis (0/5). The frequency of positivity for
C-Dps in the sera was significantly higher in C. jejuni-related GBS patients than in HC.
These findings suggest that C-Dps invades the hosts and may potentially contribute to the

peripheral nerve damage in C. jejuni-related GBS.
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INTRODUCTION

Guillain-Barré syndrome (GBS) is primarily considered to be an inflammatory
demyelinating neuropathy; however, prominent axonal involvement is frequently seen in
GBS patients following infection by Campylobacter jejuni (C. jejuni) (Ho TW et al., 1995).
Electrophysiologically, this axonal form of GBS, termed acute motor axonal neuropathy
(AMAN) (Griffin JW et al., 1996), is characterized by a simple reduction of compound
muscle action potentials without conduction delay (Kuwabara S et al., 2004; Hiraga A et
al., 2005). Pathologically, Wallerian-like degeneration and infiltration of periaxonal
macrophages are prominent features, while demyelination and lymphocytic infiltration are
minimal or even lacking (Griffin JW et al., 1995).

In this condition, anti-GM1 ganglioside antibody is hypothesized to be pathogenic
through molecular mimicry between human GM1 ganglioside and C. jejuni
lipo-oligosaccharide (Ariga T and Yu RK, 2005). The reproduction of clinical and
pathological components of the disease by passive transfer of anti-GM1 antibodies to
experimental animals has been reported (Hirota N et al., 1997; Sheikh KA et al., 2004;
Susuki K et al., 2007; Greenshields KN et al., 2009); however the ability of these
antibodies to bind and exert pathogenic effects is inconsistent. Considering the presence of
anti-GM1 antibody-negative axonal GBS cases, factors other than anti-GM1 antibodies
need further investigation.

We characterized a DNA-binding protein from starved cells (Dps) derived from C.
jejuni (Ishikawa T et al., 2003). This protein is produced at high levels under conditions of

oxidative or nutritional stress, and efficiently protects bacterial DNA. We found that C-Dps
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induces paranodal myelin detachment and axonal degeneration of myelinated nerve fibers
through selective binding with sulfatide (Piao H et al., 2010; Piao H et al., 2011). Sulfatide
is essential for paranodal junction formation and for the maintenance of ion channels on
myelinated axons (Honke K et al., 2002; Ishibashi T et al., 2002). In this study, we aimed
to demonstrate invasion of C-Dps into hosts with C. jejuni-related GBS, both indirectly by
showing antibody responses to C-Dps and directly by demonstrating the presence of

C-Dps in the blood.

METHODS

Patients and controls

For studying IgG antibody responses to C-Dps, serum samples obtained from 42 patients
with GBS, 148 patients with other inflammatory neurologic diseases (OIND), 11 patients
with C. jejuni enteritis, all of whom had positive stool cultures, and 55 healthy controls
(HC), were measured for their reactivity to recombinant C-Dps protein using an ELISA.
We examined the blood samples obtained before immune-therapies. The demographics and
clinical data of patients and healthy controls were shown in Table 1. GBS patients were
electrophysiologically classified as axonal, demyelinating, unclassifiable, or unexcitable
according to a reported criterion (Hadden RD, et al. 1998). Neurological severity was
accessed by the Hughes grade (Hughes RA, et al. 1978). The presence of antibodies
against C. jejuni was determined by ELISA using the SERION ELISA classic
Campylobacter jejuni IgG kit (Virion/Serion, Wiirzburg, Germany), which has a sensitivity

0f 100% and a specificity of 83.6%, according to the manufacturer’s product information.
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Among the GBS patients, 24 were positive for anti-C. jejuni antibodies in sera by ELISA,
and were classified as having C. jejuni-related GBS (stool cultures were negative in three
of them), while the other 18 who had GBS following an upper respiratory tract infection
were all seronegative. Among the 11 patients with C. jejuni enteritis, five (45.45%) were
also positive for anti-C. jejuni antibody by ELISA. The serum from nine patients with
Miller Fisher syndrome (MFS) were also examined. The details of the patients with OIND
are as follows: 79 patients had multiple sclerosis, 29 had HTLV-1-associated
myelopathy/tropical spastic paraparesis, 25 had myelitis with atopic diathesis, six had
chronic inflammatory demyelinating polyneuropathy and IgM antibody responses to
C-Dps were also examined in six C. jejuni-related GBS patients, five patients with C.
jejuni enteritis alone, and 10 HC. For detecting C-Dps in the blood, we analyzed the C-Dps
levels of serum by sandwich ELISA in 42 GBS patients (27 with preceding C. jejuni
infection and 16 with antecedent respiratory tract infection), 5 patients with C. jejuni
enteritis alone, and 21 HC. The study procedures were approved by the ethics committee

of the Graduate School of Medical Sciences, Kyushu University.

Purification of recombinant C-Dps protein

E. coli BL21 (DE3) cells harboring the dps gene were grown in LB-ampicillin (50 pg/ml)
at 37°C overnight. After expression of dps was induced with 1 mM
isopropyl-D-thiogalactoside for 3 h, bacterial cells were harvested (15,000 x g for 1 h) and
resuspended in 20 mM Tris-HCI buffer (pH 8.0). After cell disruption by sonication, the

lysates were centrifuged at 4°C (39,000 x g for 20 min). Supernatants containing C-Dps
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were purified using Ni-NTA agarose columns and dialyzed against phosphate-buffered
saline (PBS)-0.1 mM EDTA."? Thereafter, endotoxin levels were decreased by affinity
chromatography using a polymyxin B agarose gel (Sigma, St. Louis, MO). We assayed the
endotoxin level in the final protein solution using a QCL-1000 kit (BioWhittaker, Verviers,

Belgium), and the levels were found to be less than 10 EU/mg.

Western blotting for anti-C-Dps 1gG antibodies

C-Dps was electrophoresed on 15% sodium dodecyl sulfate-polyacrylamide
electrophoresis gels and transferred onto a polyvinylidene fluoride membrane (GE
Healthcare Bio-Sciences Corp., Piscataway, NJ). Membranes were blocked with 5% skim
milk in Tris-buffered saline-0.2% Tween-20 (TBST) for 1 h at room temperature, and then
washed three times with TBST. Serum specimens were diluted 1:100, added to membranes
and incubated at 4°C overnight. After washing, a 1:10,000 diluted horseradish peroxidase
(HRP)-conjugated mouse anti-human IgG antibody was added and the membranes were
incubated at room temperature for 1 h. Membranes were then washed and drained to
remove excess liquid. Detection of protein was performed an enhanced
chemiluminescence kit (GE Healthcare Bio-Sciences Corp.) and the membranes were

exposed to X-ray film for 5 min.

ELISA for anti-C-Dps IgG and IgM antibodies
We coated polystyrene microtiter ELISA plates (ICN Biomedicals, Inc., Costa Mesa, CA)

with endotoxin-free C-Dps protein (0.1 pg/well) overnight at 4°C. After washing the plates
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with 0.1% Tween-20 in PBS (PBST), non-specific binding sites were blocked by
incubation with blocking buffer (Nacalai Tesque, Kyoto, Japan) at room temperature for 45
min. Fifty microliters of each serum sample, serially diluted 1:2,000 with blocking buffer
in PBST, was applied to the wells at room temperature and incubated for 1 h. After
washing with PBST, 50 ul of HRP-conjugated mouse anti-human IgG or IgM (1:2,000)
(Southern Biotechnology Associates, Birmingham, AL) was applied to each well. We
developed the plates using 100 pl/well o-phenylenediamine dihydrochloride (Sigma). After
15 min, the reaction was blocked by the addition of 50 pul of 2 M H,SO4 to each well. The
optical density (OD) was quantified at 450 nm using an Immunomini NJ-2300 plate reader
(Inter Med, Osaka, Japan). Each plate included negative and positive control sera. The
cut-off level for the positive presence of the anti-C-Dps antibody was defined as the mean

value plus five SD of the OD values of the HC.

ELISA for anti-ganglioside antibodies

Bovine brain ganglioside type III (containing GM1, GD3, GD1a, GD1b, and GT1b), GM1,
GM2, GM3, GDl1a, GalNAc-GD1a, GD1b, GD3, sulfatide, GT1b, and galactocerebroside
were purchased from Sigma and GQ1b was obtained from Calbiochem (Gibbstown, NJ).
To detect antibodies to gangliosides in sera, gangliosides (GM1, GM2, GM3, GDl1a, GD1b,
GD3, GT1b, GQ1b, GaINAc-GD1a) (200 ng each) were placed in duplicate into 96-well
microtiter ELISA plates and dried by evaporation. After incubation with 1% bovine serum
albumin in PBS for 30 min, 50 ul of each serum sample (1:40) was applied to the wells at

room temperature and incubated for 1.5 h (Kusunoki S et al., 1994). After washing with
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PBS, 50 pl of HRP-conjugated anti-human IgG (1:500) (ICN Biomedicals, Inc.) was
applied to each well. We developed the plates using 200 ul/well o-phenylenediamine
dihydrochloride (Sigma). After 2 min, the reaction was blocked by the addition of 50 pl of
4 M H,SO4 to each well. The OD was quantified at 490 nm using an Immunomini NJ-2300
plate reader (Inter Med). The cut-off level was set at 0.1 O.D. units for all gangliosides

examined.

Sandwich ELISA for the detection of C-Dps in serum

We detected C-Dps in serum with a sandwich ELISA using two monoclonal anti-C-Dps
antibodies. ELISA plates were coated with a monoclonal anti-C-Dps antibody (5 pg/well)
overnight at 4°C. After washing, non-specific binding sites were blocked by incubation
with blocking buffer (Nacalai Tesque). Undiluted serum (50 pl/well) was applied to wells
and incubated for 1 h. After washing with PBST, HRP-conjugated anti-C-Dps antibody
(1:2,500) was applied to each well. We developed the plates using 50 pl/well
o-phenylenediamine dihydrochloride (Sigma). After 15 min, the reaction was blocked by
the addition of 50 pl of 4 N H,SO4 to each well. The OD was quantified at 490 nm. Each
plate included negative and positive control sera. We generated a standard curve using the
serially diluted recombinant C-Dps protein (1.56-400ng/ml) and the slope of the fitting
curve was 0.99. The limit of detection was defined as the mean value plus three SD of the

OD values of HC (44.61 ng/ml) and used as a cut-off value.

Statistical analysis
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Fisher’s exact probability test or Chi-square test was employed for comparison of the
frequencies of the anti-C-Dps antibody and the anti-ganglioside antibody in each group.

Statistical significance was set at p < 0.05.

RESULTS

Clinical data of patients.

The demographics and clinical data of patients and HC were shown in tablel. The patients
with GBS and OIND were significantly older than patients with C. jejuni enteritis alone (C.
jejuni related GBS and OIND v.s. C. jejuni enteritis alone, p < 0.05; respiratory related
GBS v.s. C. jejuni enteritis alone, p < 0.01). As expected, the interval between an
infectious onset and blood sampling in patients with GBS and MFS were significantly
longer than that of patients with C. jejuni enteritis alone (p < 0.05, C. jejuni related GBS
and respiratory related GBS v.s. C. jejuni enteritis alone; p < 0.01, MFS v.s. C. jejuni
enteritis alone). Nerve conduction study classified 17 patients with C. jejuni related GBS
and no patient with respiratory related GBS as axonal type. The electrophysiological
phenotype (axonal, demyelinating, or the others) was significantly different between C.

jejuni related and respiratory related GBS.

Anti-C-Dps antibody in C. jejuni-related GBS patients
We first analyzed the levels of serum IgG antibodies against recombinant C-Dps in 42
GBS patients (24 with preceding C. jejuni infection and 18 with antecedent respiratory

tract infection), 11 patients with C. jejuni enteritis alone, 148 patients with OIND and 55
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HC, by ELISA. Anti-C-Dps IgG antibody was only detected in patients with C. jejuni
infection and its frequency was significantly higher in C. jejuni-related GBS patients
(62.5%) than in HC (0%; p < 0.001), patients with OIND (0%; p <0.001), or C. jejuni
enteritis patients without GBS (9%; p = 0.004) (Fig. 1A). Neither patients with GBS
following respiratory tract infection nor MFS patients had anti-C-Dps IgG antibodies. The
presence of antibodies against C-Dps in C. jejuni-related GBS patients was also confirmed
by western blotting (Fig. 1B). Anti-C-Dps IgM antibodies were detected in none of six C.
jejuni-related GBS patients, five patients with C. jejuni enteritis alone, and 10 HC. Threre
was no significant difference in the electrophysiological subtype between anti-C-Dps

antibody positive and negative GBS patients.

Anti-ganglioside antibody in C. jejuni-related GBS patients

Anti-GM1 antibodies were found in 37.5% of C. jejuni-related GBS patients, and other
anti-ganglioside antibodies were found in 20% of patients or fewer (Fig. 2). The frequency
of anti-GM1 antibody presence was significantly higher in patients with C. jejuni-related
GBS than in those with C. jejuni enteritis alone (p = 0.033). The frequency of anti-GD1b
antibody presence tended to be higher in with C. jejuni-related GBS than in those with C.

jejuni enteritis alone.

Detection of C-Dps in sera from GBS patients
The sera from five GBS patients with C. jejuni infection showed higher OD values than

the cut-off value (Fig. 3). There was no patient who showed a higher serum OD value than
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the cut-off value in the respiratory infection GBS, C. jejuni enteritis, MFS, or HC groups.
The frequency of positivity for C-Dps in the serum was significantly higher in C.
jejuni-related GBS patients (14.8%) than in HC (0%; p = 0.032). There was no significant
difference in the electrophysiological classification between C-Dps positive and negative

GBS patients.

DISCUSSION

We found that serum IgG antibodies against C-Dps were significantly more common in C.
jejuni-related GBS patients than in HC or patients with OIND or C. jejuni enteritis.
Furthermore, C-Dps was detected in sera from C. jejuni-related GBS patients, but not in
sera from HC, patients with GBS following respiratory tract infection or those with C.
jejuni enteritis. IgM antibodies against C-Dps were undetectable in patients with C. jejuni
enteritis alone and C. jejuni-related GBS patients.

The presence of anti-C-Dps IgG antibodies in C. jejuni-infected patients indicates that
C-Dps can be absorbed during C. jejuni infection and presented to the host immune system.
The absence of IgM antibodies against C-Dps in patients with C. jejuni enteritis alone
indicates that the delay in blood sampling from C. jejuni-related GBS patients, compared
with that from patients with C. jejuni enteritis alone, is not a major reason for the specific
positivity of the IgG response in C. jejuni-related GBS. The heightened immune response
to C-Dps in C. jejuni-related GBS patients compared with the C. jejuni enteritis patients

suggests that, in C. jejuni-related GBS patients, the host is more often and more heavily
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exposed to C-Dps, or that the immune response against C-Dps is exaggerated in those
patients with GBS compared with those without GBS. In a previous experimental infection
study (Li CY et al., 1996), the possible existence of a neurotoxin produced by the organism
could not be excluded because of severe paralysis in the absence of apparent
morphological changes and inflammation. In this model, diarrhea began 2—4 days after
inoculation and lasted for up to 14 days, while the earliest signs of paralysis appeared 5
days after inoculation. C-Dps, which is liberated by bacterial cell lysis during the diarrhea
period, may thus be a candidate neurotoxin produced by this organism.

Anti-GM1 antibody appears to be the most frequently found anti-ganglioside
antibody in AMAN, and their specific response may be related to the severity. Although
the sample size is small in this study, the frequency of anti-GM1 antibody presence in
patients with C. jejuni-related GBS was significantly higher than that in patients with C.
jejuni enteritis alone. Anti-GM1 antibody response is considered to play significant role in
the pathogenesis of C. jejuni related GBS, but no consensus has emerged regarding the
effects of anti-GM1 antibody treatment on myelinated axons in either isolated nerve
preparations or following intraneural injection. Some authors have reported a conduction
block and pathological changes (Takigawa T et al., 1995; Willison HJ et al., 1997; Susuki
K et al., 2007; Greenshields KN et al., 2009), while others have not found these changes
(Hirota N et al., 1997; Buchwald B et al., 1998; Dilley A et al., 2003). Such inconsistencies
are considered to be attributable to the GM1 microenvironment in vivo, where GM1
epitopes are embedded and hidden (Greenshields KN et al., 2009).

The detailed mechanism of C-Dps contribution in GBS is unclear. We previously
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reported that C-Dps directly induces paranodal myelin detachment and axonal
degeneration through binding to sulfatide in vivo and in vitro (Piao H et al., 2010). We also
showed that C-Dps is a candidate neurotoxin and preferentially binds to the nodes of
Ranvier, while we could not find the binding of recombinant anti-C-Dps antibody to the
peripheral nerve (Piao H et al., 2011). We here showed direct evidences of C-Dps invasion
into blood circulation and antibody response to C-Dps in vivo of C. jejuni related GBS
patients. On these bases, we consider direct neurotoxic effects of C-Dps, potentially
augmenting the actions of anti-GM1 antibodies by revealing hidden GM1 epitopes at the
node, rather than a focal autoantibody response in the peripheral nerve. A considerable
immune-mediated mechanism is that C-Dps firstly binds to the peripheral nerve and
subsequent anti-C-Dps antibody binding to the C-Dps may cause peripheral nerve damage
through activation of complements. Since we found no clear association between
electrophysiological subtypes of GBS (axonal or demyelinating) and the positivity of
C-Dps or anti-C-Dps antibody in this study, it needs further investigation to confirm an

involvement of C-Dps in the mechanism of axonal pathology in C. jejuni related GBS.
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Figure Legends

Fig. 1 (A) ELISA for IgG antibodies against recombinant C-Dps in sera. The short lines
denote mean values for the respective groups. The long dashed line across the panel
denotes absorbance values five SD above the mean value in healthy controls. (B) Western
blotting analyses for C-Dps. Anti-C-Dps antibody (lane 1) and sera from patients with C.
jejuni-related GBS (lanes 2 and 3) react with recombinant C-Dps, but those from healthy
controls do not (lanes 4 and 5). AM = myelitis with atopic diathesis, C-Dps =
Campylobacter jejuni DNA-binding protein from starved cells, CIDP = chronic
inflammatory demyelinating polyneuropathy, GBS = Guillain-Barré syndrome, HAM =
HTLV-I-associated myelopathy/tropical spastic paraparesis, HCs = healthy controls, MFS

= Miller Fisher syndrome, MS = multiple sclerosis, O.D. = optical density.

Fig. 2 The frequencies of anti-ganglioside IgG antibody presence in patients with C.

jejuni-related GBS (G; n =24) and C. jejuni enteritis patients without GBS (E; n = 11).

Fig. 3 Sandwich ELISA for the detection of C-Dps in sera. The short lines denote mean
values for the respective groups. The long dashed line across the panel denotes absorbance
values three SD above the mean value in healthy controls. GBS = Guillain-Barré syndrome,

MES = Miller Fisher syndrome, O.D. = optical density.



Table 1. Demographics and neuropathic characteristics of patients and healthy controls

Kawamura-20

C. jejuni Respiratory MEFS C. jejuni OIND HC
related GBS related GBS enteritis

(n=24) (n=18) (n=9) (n=11) (n=139)  (n=50)

A 42.0% 52,8 39.0 16.4 46.7* 44.5
g%y (13-68) (27-78) (12-59) (5-38) (12-77)  (21-62)

Sex
(Male / Fernale) 16/8 711 8/1 7/4 44/95 6/44
Efsgg’&ls onset | y3 g% 14.0 * 19.0 ** 5.0 A A
sampling, d (7-24) (6-24) (9-32) (1-7)
Neurological
onset to blood 58(1-14)  6.0(2-10)  5.7(2-21) N/A N/A N/A
sampling, d
Hughes grade 3.2 (1-4) 3.5(2-5) N/A N/A N/A N/A
Phenotype
(axonal 16/3/5%%* 3/8/7 N/A N/A N/A N/A

/ demyelinating
/ the others)

Data were expressed as a mean and range.

" p <0.05, v.s. C. jejuni enteritis; ** p < 0.01, v.s. C. jejuni enteritis; *** p < 0.01, v.s.
respiratory related GBS.

N/A, not applicable, The others include unclassifiable and unexcitable.
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Fig. 2
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Fig. 3
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