Downloaded from jnnp.bmj.com on March 8, 2011 - Published by group.bmj.com

Research paper

strong regulatory components thereafter. Recovery of local
complement is quite rapid as there is a local complement
synthesis. Besides the abovementioned anti-inflammatory effect
(1) immunoglobulins through the V-connected network have in
addition an immediate and direct influence on biding of patho-
logical autoantibodies, as shown here and elsewhere; (2) inter-
acting with T- and B-cell receptors, they can influence long-term
the immunoglobulin regertoire and (3) they can influence
dendritic cell maturation.”® In GBS, an acute disease not being in
a steady-state, the mild regulatory effects of plasmaphaeresis
apparently are sufficient to mediate an improvement. In MMN,
however, a chronic condition having established some level of
steady state, the more powerful immunomodulatory effect of
IVIG is needed to achieve an improvement.

A better understanding of the IVIG action mechanism will aid
in developing more effective treatments for MMN. Moreover,
more rational treatment may make use of complement inhibi-
tors. The murine model of Fisher syndrome has been treated
successfully with eculizumab, a humanised monoclonal anti-
body that binds to and blocks cleavage of C5.%° Several serine
proteases activate the classical and alternative complement
system pathways, and a synthetic serine protease inhibitor,
nafamostat mesilate, inhibits complement deposition and
prevents sodium channel cluster disruption in the AMAN rabbit
model.”” In our in vitro study, nafamostat mesilate blocked the
C3b deposition mediated by anti-GM1 IgM antibodies in MMN
(data not shown). Complement inhibitors, therefore, may
provide optional treatment of MMN.

In conclusion, our findings proved that there is a binding of
pathogenic anti-GM1 autoantibodies from MMN sera to the
target antigen GMI1 in vitro. This suggests a similar effect
happening during MMN progression. As a consequence of
formation of antigen-antibody complexes, local complement
activation occurs from Clq to C5b-9, the latter representing the
tissue-damaging membrane attack complex. The results
presented support the view of multi-site concomitant IVIG
action benefitting MMN patients. They indicate that IVIG
counteracts the immune complex-initiated, complement-
mediated tissue damage activation at various stages; by
anti-idiotypic activity, as well as inhibition of complement
deposition by scavenging nascent C3b and, probably more
important, by specific inhibition of the alternative pathway of
C3 convertase assembly.?® ** As a consequence of reduced C3
activation, generation of the membrane attack complex and
tissue damage are reduced. In other words, IVIG may inhibit
complement activation and in situ deposition, thereby leading to
improvement of muscle strength.
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Lack of antibody response to
Guillain—Barré syndrome-related
gangliosides in mice and men
after novel flu vaccination

During a mass vaccination campaign in the
USA in 1976, there was a statistically signif-
icant increased risk of developing Guil-
lain—Barré syndrome (GBS) following receipt
of the A/NJ/1976/H1N1 ‘swine flu’ vaccine.!
Because the currently circulating pandemic A
(HIN1) flu virus is partially of swine origin,
there has been concern about a similar asso-
ciation of GBS with the novel flu A (HINT1)
vaccine. Preliminary analysis showed an
elevated, statistically significant assoc1at10n
between 2009 H1N1 vaccination and GBS.? If
confirmed, the increased risk of GBS associ-
ated with 2009 H1N1 vaccine of 0.8 cases per
1 million vaccinations would be comparable
with the risk described previously for some
trivalent seasonal flu vaccine formulations.
GBS is divided into two major subtypes,
acute inflammatory demyelinating poly-
radiculoneuropathy (AIDP) and acute motor
axonal neuropathy (AMAN)? AMAN, but
not AIDP, is significantly associated with IgG
antibodies against GM1, GMIlb, GDla,
GalNAc-GD1a and GD1b. It is not known if
the 1976 flu vaccine was associated with
AIDP or AMAN. A recent report, however,
demonstrated that the 1976 swine flu
vaccines, seasonal flu vaccines from
1991-1992 and 2004—2005, and recombi-
nant haemagglutinin proteins derived from
high pathogenic avian H5N1 viruses A/HK/
156/97 and A/Vietnam/1203/04 induced
IgM and IgG anti-GM1 antibodies in mice.*
Here, we report our assessment of the
pandemic 2009 A (HINI1) and H5NI
vaccines' ability to induce antiganglioside
antibodies in mice and humans, providing
information as to the possible risk of devel-
oping AMAN following these vaccinations.
Inactivated A/H1N1pdm split vaccines
(without adjuvant) used during the Japan
2009—2010 vaccination programme (A/Cali-
fornia/7/2009 NYMC X-179A) were supplied
by Kitasato Institute (Tokyo, Japan) and
Denka Seiken (Tokyo, Japan). Inactivated,
aluminium hydroxide-adjuvant H5N1 whole
vaccines (A/Indo/05/2005-PR8-IBCDC-RGZ,
A/Anhui/01/2005-PR8-IBCDC-RG5 and
A/Viet Nam/1194/2004-NIBRG-14) were
provided by Research Foundation for
Microbial Diseases of Osaka University
(Biken) (Kagawa, Japan) and Kitasato Insti-
tute (Tokyo, Japan). Trivalent seasonal split
vaccine (without adjuvant) of the Japan
2008—2009 vaccination programme (A/Bris-
bane/59/2007, A/Uruguay/716/2007 and
B/Florida/4/2006) was supplied by Denka
Seiken (Tokyo, Japan). Additional trivalent
vaccine preparation used during the US
2004—2005 vaccination programme (A/New
Caledonia/20/99, A/Wyoming/03/2003 and

B/Jiangsu/10/2003) was kindly provided by
Irving Nachamkin (University of Pennsyl-
vania School of Medicine, Philadelphia). The
1976 swine flu vaccines were not available to
study.

Mice lacking the functional gene for
(N-acetylneuraminyl)-galactosylglucosylcer-
amide  N-acetylgalactosaminyltransferase
(GalNACT ™~ mice) do not express complex
gangliosides and are naive hosts against
ganglioside. In these mice, ganglioside-like
lipo-oligosaccharide of a Campylobacter jejuni
strain from AMAN e11c1ts high titres of
antlgang11051de antibodies.” As previously
described,* 7- to 10-week-old GalNACT ™~
mice were intramuscularly injected with the
recommended adult human dose (0.5 ml,
equivalent to 15 pug of haemagglutinin) of
vaccine 3 weeks apart, whereas 9-week-old
C3H/HeN mice were subcutaneously
injected (box 1). Serum samples were
obtained before each immunisation and
2 weeks after the second immunisation.
Experimental protocols were approved by
Animal Care and Use Committees.

Neither IgM nor IgG antibodies against
GM1, GM1b, GD1a, GalNAc-GD1a, GD1b,
GT1laand GQlbwere detected in GalNACT ™/~
mice vaccinated with A/HIN1pdm vaccine
(Denka Seiken) (n=10), H5N1 wvaccines
(A/Indo/05/2005-PR8-IBCDC-RG2  (n=5),
A/Anhui/01/2005-PR8-IBCDC-RG5  (n=5)
and A/Viet  Nam/1194/2004-NIBRG-14
(n=>5)), trivalent seasonal vaccines from Japan
2008—2009 (n=>5) and the US 2004—2005
vaccination programmes (n=5). No anti-
ganglioside antibodies were induced in C3H/
HeN mice inoculated with A/H1N1pdm
vaccine (Denka Seiken) (n=>5), HSN1 vaccine
(A/Indo/05/2005-PR8-IBCDC-RG2) (n=5) or
trivalent seasonal vaccines from Japan
2008—2009 vaccination programme (n=5),
whereas serum haemagglutination inhibition
titres increased from <10 to 80+49 after
inoculation of A/HIN1pdm vaccine. Despite
the use of the same seasonal 2004—2005 flu
vaccine and C3H/HeN mice,* we could not
confirm earlier observations that these flu
vaccines elicit an antiganglioside antibody
response. Moreover, no antiganglioside anti-
bodies were induced in the naive mice. The
previous study did not describe whether
optical densities of GMI-free wells were
subtracted from densities of GM1I-coated
wells,” raising the possibility that non-specific
IgM and IgG responses were shown.

A total of 200 eligible subjects underwent
randomisation to receive 15 pg of haemag-
glutinin antigen (A/HIN1pdm split vaccine,
Kitasato Institute) subcutaneously or 30 pug
intramuscularly. They had previously
received two doses of the assigned vaccine
3 weeks apart in 2009 (box 1). A total of 121
eligible subjects were administered 15 ug of
haemagglutinin  antigen (whole H5N1
vaccines; A/Viet Nam/1194/2004-NIBRG-
14, Biken or A/Anhui/01/2005-PR8-IBCDC-
RG5A, Kitasato Institute) adjuvanted with
alum, who previously received two subcu-
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(A) Mouse immunisation

» GalNACT ™/~ mice 15 ug im, 3 weeks
apart

» (3H/HeN mice 15 pg sc, 3 weeks
apart.

(B) Human vaccination
» A/H1N1pdm split vaccines.
~ 15 g sc, two doses, 3 weeks apart
in 2009 (n=100).
— 30 pug im, two doses, 3 weeks apart
in 2009 (n=100). '
» Whole H5N1 vaccines.
- 15 pg sc, two doses, 3 weeks apart
in 2008 (n=121).
— 5 or 15 ug im, two doses 3 weeks
apart in 2006 and 15 pg im, one
dose in 2008 (n=137).

taneousdoses of the assigned vaccine 3 weeks
apart in 2008. Serum samples were obtained
from each subject before each vaccination,
3 weeks after the second vaccination or
6 months after the first vaccination. A total
of 137 eligible subjects were administered
5 or 15 pg of haemagglutinin antigen (whole
H5N1 vaccine; A/Indo/05/2005-PR8-IBCDC-
RG2, Biken) intramuscularly 3 weeks apart in
2006, then received 15 pg of haemagglutinin
antigen (whole H5N1 vaccines; A/Viet Nam/
1194/2004-NIBRG-14 or A/Anhui/01/2005-
PR8-IBCDC-RGS5A) in 2008. Serum samples
were obtained before the second vaccination,
and 1 and 3 weeks after the second vaccina-
tion. Informed written consent was obtained
from each subject.

IgM anti-GM1 antibodies and low-affinity
IgG anti-GM1 antibodies are induced in non-
diseased rabbits sensitised with GM1 or in
AMAN rabbits before the onset.® This raises
a possibility that such low-affinity anti-GM1
antibodies were induced in some of human
subjects, although none of those developed
GBS. Both IgM and IgG antibodies against
GM1, GM1b, GD1a, GalNAc-GD1a, GD1b,
GTla and GQ1b were undetectable in sera
from the 200 subjects who received
A/H1IN1pdm vaccine twice, whereas they
obtained high titres of neutralising anti-
bodies against the vaccine-strain flu virus as
well as haemaglutination inhibition (http://
www.mhlw.go.jp/bunya/kenkou/kekkaku-
kansenshou04/inful_iken-koukan1111.html).
The aforementioned antiganglioside anti-
bodies were also not induced in 258 subjects
who received H5N1 vaccine, although the
neutralising antibodies and haemaglutina-
tion inhibition activities against the vaccine
virus were present (Thara, Ito, Kobayashi and
Kamiya, in preparation).

The flu vaccines studied here elicited no
antiganglioside antibody response in mice
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(n=50) and men (n=458). A thin-layer
chromatogram with resorcinol staining did
not detect gangliosides in any of the
vaccines. Previous haemagglutinin inhibition
findings suggested the presence of a GM1
epitope on flu viruses,* but our immunoblot
results failed to detect haemagglutinin-
associated GM1. In conclusion, our results
suggest that the flu vaccines are unlikely to
induce the production of antiganglioside
antibodies associated with AMAN.
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