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Abstract

BACKGROUND—Multiple sclerosis is a chronic inflammatory demyelinating disease of the
central nervous system. Many findings suggest that the disease has an autoimmune pathogenesis;
the target of the immune response is not yet known.

METHODS—We screened serum IgG from persons with multiple sclerosis to identify antibodies
that are capable of binding to brain tissue and observed specific binding of IgG to glial cells in a
subgroup of patients. Using a proteomic approach focusing on membrane proteins, we identified
the ATP-sensitive inward rectifying potassium channel KIR4.1 as the target of the 1gG antibodies.
We used a multifaceted validation strategy to confirm KIR4.1 as a target of the autoantibody
response in multiple sclerosis and to show its potential pathogenicity in vivo.

RESULTS—Serum levels of antibodies to KIR4.1 were higher in persons with multiple sclerosis
than in persons with other neurologic diseases and healthy donors (P<0.001 for both comparisons).
We replicated this finding in two independent groups of persons with multiple sclerosis or other
neurologic diseases (P<0.001 for both comparisons). Analysis of the combined data sets indicated
the presence of serum antibodies to KIR4.1 in 186 of 397 persons with multiple sclerosis (46.9%),
in 3 of 329 persons with other neurologic diseases (0.9%), and in none of the 59 healthy donors.
These antibodies bound to the first extracellular loop of KIR4.1. Injection of KIR4.1 serum 1gG
into the cisternae magnae of mice led to a profound loss of KIR4.1 expression, altered expression
of glial fibrillary acidic protein in astrocytes, and activation of the complement cascade at sites of
KIR4.1 expression in the cerebellum.

CONCLUSIONS—KIR4.1 is a target of the autoantibody response in a subgroup of persons with
multiple sclerosis. (Funded by the German Ministry for Education and Research and Deutsche
Forschungsgemeinschaft.)
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Multiple Sclerosis, the most common chronic inflammatory disease of the central nervous
system (CNS), causes disability in the majority of affected patients.12 The cause of this
disease is unknown, but epidemiologic evidence suggests that there is a complex interplay
between genetic and environmental factors.3# An uncertain pathogenic mechanism, clinical
heterogeneity, and unpredictable therapeutic response add to the complexity of the disease.®

One hypothesis that has been suggested is that autoreactive T cells are key to the
pathogenesis of multiple sclerosis.> However, histopathological studies have revealed
prominent deposition of immunoglobulins and complement activation in acute
demyelinating lesions.5-8 Some patients with multiple sclerosis who have these lesions have
a response to therapeutic plasma exchange.® Moreover, depletion of B cells by therapeutic
monoclonal antibodies has an effect on inflammatory activity in patients with multiple
sclerosis.10 1t would therefore seem that, at least in a subgroup of patients with multiple
sclerosis, B cells and antibodies contribute substantially to the disease.1112 However, direct
proof of clinically relevant antibodies in multiple sclerosis has not been established, and the
molecular targets for humoral responses in the disease are not known.

A specific serum autoantibody against the water channel aquaporin-4 (AQP4), which is
expressed on astrocytes, has been described previously in persons with neuromyelitis
optica.13.14 The antibody seems to exert pathogenic effects in vivo and in vitro.15-17
Historically, neuromyelitis optica was considered to be a variant of multiple sclerosis.
However, the identification of the AQP4 autoantibody provides evidence that neuromyelitis
optica is a distinct disease entity8 and has reinvigorated the search for specific autoantibody
responses in multiple sclerosis. We undertook this study to identify the target of the
autoantibody response in multiple sclerosis.

METHODS

PATIENTS

The multiple sclerosis cohort comprised persons with multiple sclerosis or with a clinically
isolated syndrome. In all persons with multiple sclerosis, the disease was diagnosed
according to the 2005 McDonald criteria. Persons with a clinically isolated syndrome had at
least one episode compatible with a relapse of multiple sclerosis and two or more lesions on
magnetic resonance imaging (MRI), oligoclonal bands in the cerebrospinal fluid, or both.
There were two control groups: one consisted of age-matched healthy donors, and the
second comprised persons with other neurologic diseases. Analyses were performed on a
discovery series of patients with multiple sclerosis or a clinically isolated syndrome and
were confirmed in two validation series. Details of the multiple sclerosis and control groups,
and the extent to which patients and controls from each group were included in the various
analyses, are provided in Figure S1 and Tables S1 and S2 in the Supplementary Appendix,
available with the full text of this article at NEJM.org).

IMMUNOPRECIPITATION, ELECTROPHORESIS, AND WESTERN BLOTTING

Details of the specific antibodies and peptides that were used in the study are provided in the
Supplementary Appendix. We derived IgG antibodies specific to membrane-expressed
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proteins in the CNS from the pooled serum specimens from 12 persons with multiple
sclerosis and purified them using a protein A/G bead-based approach (GE Healthcare Life
Sciences): we used gentle antigen—antibody binding and elution buffers (Pierce) to enable
the purification of 1gG under nondenaturating conditions (high salt concentration and nearly
neutral pH). We enriched IgG with reactivity against CNS membrane antigen using a
cyanogen bromide—activated Sepharose CNS membrane-protein enrichment column (see the
Methods section in the Supplementary Appendix). Magnetic protein G beads (Invitrogen)
were used according to the manufacturer’s protocol to immunoprecipitate antigen—antibody
complexes from the eluate of the CNS membrane-protein enrichment column. The eluted
molecules were precipitated with chloroform—methanol and then further solubilized with a
two-dimensional protein solubilizer (Invitrogen). The solubilized fractions were run on pH
3-10 isoelectric focusing strips (Invitrogen). Two-dimensional gel electrophoresis was
performed with two-dimensional Benchtop technology (Invitrogen). Spots were picked and
subjected to matrix-assisted laser desorption—tandem mass spectrometry (Alphalyse) for
identification. As a control, we purified parallel samples of pooled serum 1gG antibodies
from 12 persons with other neurologic diseases. To determine whether the purified
antibodies bind KIR4.1, we used purified 1gG antibodies to immunoprecipitate rat kidney
lysate,1® human brain lysate, and a sample of in vitro—translated KIR4.1 protein. We eluted
the protein and then subjected it to Western blotting using rabbit antihuman KIR4.1 antibody
(see the Supplementary Appendix).

ENZYME-LINKED IMMUNOSORBENT ASSAYS

We used plate-bound purified recombinant KIR4.1 (see the Supplementary Appendix) to
screen for anti-KIR4.1 reactivity in serum samples. We used two negative controls: plates
coated with effluent (“flow-through™) obtained after KIR4.1 purification with the use of
HisPur cobalt agarose beads (Thermo Scientific) and plates coated with bovine serum
albumin. Purified protein was diluted in phosphate-buffered saline (PBS) to a final
concentration of 6 g per milliliter, and 100 /4 was added to each well of Nunc Immaobilizer
amino plates (Thermo Scientific). Plates were left overnight at 4°C on a rotary shaker.
Coated plates were washed twice with PBS with Tween 20 detergent and blocked for 1 hour
with 10 mM ethanolamine in 100 mM sodium bicarbonate, pH 9.6. All assays were
performed on blinded samples, were run in duplicate, and were controlled by standard serum
samples at two dilutions. Anti-KIR4.1 activity in the serum of patients and controls from the
discovery series and the two validation series was determined with the use of this assay.

INTRATHECAL INJECTION OF IgG IN MICE

To show the pathogenicity of serum IgG KIR4.1-specific antibody in vivo, serum IgG from
persons with multiple sclerosis who had high antibody titers against KIR4.1 was purified.
We split the purified IgG into two fractions and depleted KIR4.1-specific antibodies from
one of these fractions using a preabsorption column containing bead-bound recombinant
KIR4.1 protein. 1gG fractions were injected into mice intracisternally, as described
previously.20 Further details and validation of prepared 1gG fractions are provided in the
Supplementary Appendix.
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STATISTICAL ANALYSIS

We considered serum specimens to be antibody-positive when the optical density exceeded
the cutoff value, which was set at 5 SD above the mean optical density in serum specimens
from healthy donors. In the screening experiments, anti-KIR4.1 serum reactivity was
compared with the use of the Kruskal-Wallis test for one-way analysis of variance, followed
by Dunn’s multiple-comparison test or the Mann—Whitney t-test, for which P values are
shown. P values of less than 0.05 were considered to indicate statistical significance.

RESULTS

BINDING OF CNS MEMBRANE ANTIGENS BY IgG FROM PERSONS WITH MULTIPLE
SCLEROSIS

For the immunohistochemical analyses, we purified 1gG antibodies from serum samples of
19 persons with multiple sclerosis and 24 with other neurologic diseases and tested for
reactivity with brain-tissue sections. We observed that 11 of 19 samples (58%) from persons
with multiple sclerosis showed glia-specific immunoreactivity when they were tested on
human-brain sections, and 7 of those samples (37% of the 19 samples) showed
immunoreactivity when they were tested on rat cerebellar sections (representative
micrograph shown in Fig. S2A in the Supplementary Appendix). We did not observe glia-
specific immunoreactivity when we used serum IgG from persons with other neurologic
diseases. Next, we designed an enzyme-linked immunosorbent assay (ELISA) using plate-
bound human cerebellar protein fractions enriched for either membrane or cytoplasmic
antigens. We tested serum specimens from 56 persons with multiple sclerosis and from 29
with other neurologic diseases (including the serum specimens used in the
immunohistochemical analyses described above). The serum from patients with multiple
sclerosis bound plates coated with membrane proteins — but not plates coated with
cytoplasmic proteins — more avidly than did the serum from persons with other neurologic
diseases (P = 0.006 for the comparison with respect to membrane proteins and P = 0.42 for
the comparison with respect to cytoplasmic proteins) (Fig. S2B in the Supplementary
Appendix and data not shown). Therefore, in subsequent immunoprecipitation studies, we
used CNS tissue enriched for membrane proteins.

IDENTIFICATION OF KIR4.1 AS A TARGET IN MULTIPLE SCLEROSIS

We purified and enriched 1gG reactive against CNS membrane proteins from the pooled
serum specimens of persons with multiple sclerosis using a column consisting of the
membrane protein fraction from human brain. The enriched 1gG fraction was used for
subsequent antigen immunoprecipitation assays from human brain-tissue lysate.
Immunoprecipitated CNS antigens were then analyzed by means of sodium dodecyl sulfate—
polyacrylamide-gel electrophoresis (SDS-PAGE) and separated by means of two-
dimensional gel electrophoresis (Fig. 1A). Seven protein spots were excised and analyzed
with the use of matrix-assisted laser desorption—tandem mass spectrometry. One of the spots
contained KIR4.1. We confirmed the identity of KIR4.1 as the target of serum IgG from
persons with multiple sclerosis by means of immunoprecipitation and Western blotting,
using extracts from rat kidney lysate, human brain lysate (Fig. 1B), and in vitro—translated
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KIRA4.1 protein (Fig. 1C). The proteins recovered from the other spots did not specifically
bind 1gG from persons with multiple sclerosis.

BINDING OF KIR4.1 ON GLIAL CELLS BY SERUM IgG FROM PERSONS WITH MULTIPLE
SCLEROSIS

Using rat-brain sections, we performed double immunofluorescence labeling with an anti-
KIR4.1 monoclonal antibody and purified 1gG antibodies from the serum specimens of
persons with multiple sclerosis, selectively enriched for CNS membrane reactivity. As a
control, we used purified IgG from the serum specimens of persons with other neurologic
diseases. We observed a colocalization of the immunofluorescence signal when we used the
monoclonal anti-KIR4.1 antibody and purified 1gG antibodies from the serum specimens of
persons with multiple sclerosis on rat cerebellar sections. We did not observe colocalization
of the signal when we used purified 1gG from the serum specimens of persons with other
neurologic diseases (Fig. 2A). Next, we performed immunolabeling of cerebellar sections
from 10-day-old wild-type mice and Kir4.1 knockout mice with 1gG from the serum
specimens of persons with multiple sclerosis. Kir4.1 is expressed in high amounts in the
mouse brain 10 days after birth.21 KIR4.1 antibody-positive serum specimens from persons
with multiple sclerosis stained glial cells in cerebellar sections from wild-type mice but not
in sections from the knockout mice (Fig. 2B). We then prepared mixed glial primary cultures
from mice. Purified 1gG antibodies from the serum specimens of persons with multiple
sclerosis stained the membranes of glial cells as detected by immunofluorescence and flow
cytometry (Fig. S3 in the Supplementary Appendix), and anti-KIR4.1 antibodies isolated
from purified 1gG antibodies from the serum specimens of persons with multiple sclerosis
bound to KIR4.1-transfected, but not mock-transfected, cells (Fig. S4 in the Supplementary
Appendix). We concluded that anti-KIR4.1 antibodies exist in some persons with multiple
sclerosis and that these antibodies react with KIR4.1 protein expressed on glial cells.

SPECIFICITY OF ANTI-KIR4.1 ANTIBODIES FOR MULTIPLE SCLEROSIS

To quantify anti-KIR4.1 reactivity, we used an ELISA with solid-phase recombinant KIR4.1
protein (Fig. S5 in the Supplementary Appendix). We detected no antibodies to KIR4.1 in
the serum specimens from 37 healthy donors (dilution 1:100, data not shown). Next, we
analyzed the serum specimens from healthy donors and from persons with multiple sclerosis
or other neurologic diseases from the discovery series. Antibody titers were significantly
higher in the serum specimens from persons with multiple sclerosis than in those from
healthy donors and those from persons with other neurologic diseases (P<0.001 for both
comparisons) (Fig. 3A). We obtained similar results in two validation series (Fig. 3A).
Combining the results, we observed antibodies to KIR4.1 in 186 of 397 persons with
multiple sclerosis (46.9%), in 3 of 329 persons with other neurologic diseases (0.9%), and in
none of the 59 healthy donors. We found no significant differences in the prevalences or
titers of serum anti-KIR4.1 antibodies among persons with a clinically isolated syndrome,
those with relapsing—remitting multiple sclerosis, and those with progressive multiple
sclerosis (Fig. S6A in the Supplementary Appendix) and observed no correlation between
KIRA4.1 antibody positivity and age, clinical characteristics, or characteristics of the
cerebrospinal fluid (Table S3 in the Supplementary Appendix), although the study was
neither designed nor powered to provide a test of correlation. We also detected anti-KIR4.1
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antibodies in the cerebrospinal fluid of 19 of 30 patients with multiple sclerosis whose
cerebrospinal fluid was tested for anti-KIR4.1 reactivity. We observed evidence for
intrathecal antibody synthesis in 2 of these 19 patients (Fig. S6B in the Supplementary
Appendix).

MAPPING THE KIR4.1 EPITOPE

Analysis of the membrane topology of the KIR4.1 protein has predicted two extracellular
loops (KIR4.19g_114 and KIR4.1134_142) (Fig. STA in the Supplementary Appendix). We
synthesized peptides representing the extracellular loops of KIR4.1 and the adjacent
intramembrane regions (KIR4.1g3_190 and KIR4.112g_148, respectively), tagged them with
biotin, and layered them onto streptavidin-coated ELISA plates. We observed serum
reactivity to KIR4.11,g_14g in 4% of the persons with multiple sclerosis but in none of the
healthy donors or persons with other neurologic diseases (P = 0.08) (data not shown). In
contrast, antibody titers to KIR4.1g3_1,0 were significantly higher in serum specimens from
persons with multiple sclerosis than in those from healthy donors (P<0.001) or those from
persons with other neurologic diseases (P<0.001) (Fig. S7B in the Supplementary
Appendix).

We observed a strong correlation between the serum antibody reactivity measured by means
of ELISA with the use of recombinant KIR4.1 and the antibody reactivity measured by
ELISA with the use of the peptide fragment KIR4.1g3 120 (two-tailed Pearson’s correlation
coefficient, 0.93; P<0.001) (Fig. S7C in the Supplementary Appendix). We therefore
performed an ELISA-based competition assay using the KIR4.1g3 150 peptide and the
recombinant KIR4.1 protein. Binding of serum anti-KIR4.1 antibodies to the KIR4.1 protein
was outcompeted by the KIR4.1g3_109 peptide but not by a control peptide derived from the
C-terminal sequence of KIR4.1 (KIR4.1356_375) (Fig. S7D in the Supplementary Appendix).
Similarly, binding of a monoclonal antibody to the C-terminal part of the protein was
outcompeted by the C-terminal peptide but not by the KIR4.1g3_15¢ peptide (data not
shown). We made similar observations using a cell-based competitive binding assay.
Antibodies against the KIR4.1 protein (obtained from persons with multiple sclerosis) were
outcompeted by KIR4.1g3 150 but not by the control peptide (Fig. S8 in the Supplementary
Appendix). Thus, serum reactivity to KIR4.1 is present in a significant percentage of
patients with multiple sclerosis and is directed against determinants of the first extracellular
loop of the protein.

EFFECT OF ANTI-KIR4.1 1gG IN VIVO

The 1gG isotype is critical to complement activation: 1gG1 and 1gG3, but not IgG2 and
1gG4, can activate the complement cascade. We determined 1gG isotypes in the serum of 20
persons with multiple sclerosis who were positive for anti-KIR4.1 antibodies and observed
that all 20 had IgG1 antibodies, 1gG3 antibodies, or both (Fig. S9 in the Supplementary
Appendix).

To determine the pathogenic potency of KIR4.1-specific serum antibodies, we prepared
KIRA4.1 containing 1gG from persons with multiple sclerosis. As a control, we used KIR4.1-
depleted 1gG, in which KIR4.1 reactive antibodies had been preabsorbed (Fig. S10 in the
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Supplementary Appendix). We supplemented aliquots of these preparations with human
complement and injected them into the cisternae magnae of wild-type mice. We used PBS
supplemented with complement as a further control. The mice were killed after 24 hours,
and we assayed expression of glial fibrillary acidic protein (Gfap), Kir4.1, and C9neo (which
is a marker of complement activation) in sections of the cerebellum. PBS-injected mice and
mice injected with serum 1gG depleted of KIR4.1 antibodies lacked C9neo reactivity and
showed a normal pattern of Gfap and Kir4.1 expression; Kir4.1 was expressed in astrocytes
and oligodendrocytes (Fig. 4). In contrast, the mice injected with KIR4.1-reactive serum IgG
showed alteration of Gfap expression, loss of Kir4.1 expression, and C9neo deposits. The
loss of parenchymal Kir4.1 was most pronounced in the vicinity of the subarachnoid space
and less pronounced with increasing distance from the sub-arachnoid space. C9neo deposits
were locally restricted to regions of Kir4.1 depletion. These results suggest that multiple
sclerosis—specific anti-KIR4.1 serum IgG can recognize its target antigen in the CNS and
induce structural damage to glial cells.

DISCUSSION

Conventional strategies to uncover autoantibodies in patients with multiple sclerosis have
focused largely on serologic screening for immunoglobulins to candidate target molecules
preselected on the basis of their relevance to myelin biology and to autoimmune encephalitis
in animal models.2? These screenings have been performed with the use of proteins
expressed by Escherichia coli, through phage display, and through the use of peptide
libraries,23-26 but none have yielded potential multiple sclerosis—specific targets of the
humoral immune response.2”:28 |deally, screens should embrace the entire antigenic
repertoire of the CNS and allow for the recognition of conformationally dependent
determinants.

It was with these considerations in mind that we designed our study and were able to
identify and characterize a specific serum IgG directed against KIR4.1. The antibody is
present in a subgroup of persons with multiple sclerosis — 47% of the group that we
analyzed — and it has biologic effects in vivo.

In the rat brain, Kir4.1 expression is restricted to glial cells, specifically to oligodendrocyte
cell bodies and to astrocyte processes surrounding synapses and blood vessels.29-31 We
detected a similar astrocytic localization of Kir4.1 in mouse-brain sections. In human brain,
we observed a perivascular localization of KIR4.1 (similar to Kir4.1 expression in rat brain)
when we used either monoclonal anti-KIR4.1 antibody or 1gG antibodies purified from the
serum specimens of persons with multiple sclerosis. Various functions have been attributed
to astroglial expression of KIR4.1, including maintenance of the electrochemical gradient
across the cell membrane of perisynaptic astrocytes, which is critical to the efficient
potassium buffering and uptake of glutamate.30-32 It has been proposed that there is a
functional interaction between KIR4.1 and AQP4 at perivascular astrocyte processes and
that this interaction regulates water homeostasis.33:34 In addition, studies of Kir4.1 knockout
mice have shown that development of oligodendrocytes and myelination depend on Kir4.1
expression.3® Mutations in KCNJI0 (the gene encoding KIR4.1) in humans are associated
with the EAST or SeSAME syndrome, characterized by epilepsy, ataxia, tubulopathy, and
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sensorineural deafness.36-39 These observations, combined with the findings we describe
here, suggest that KIR4.1 is a candidate autoantigen in multiple sclerosis.

How could antibodies against KIR4.1 contribute to the pathogenesis of multiple sclerosis?
As we have shown, serum anti-KIR4.1 antibodies from persons with multiple sclerosis can
deplete KIR4.1 on glial cells and alter expression of GFAP in astrocytes, possibly through
activation of complement at sites of KIR4.1 expression. KIR4.1-specific antibodies may also
induce antibody-dependent cell-mediated cytotoxicity. C9neo deposits (indicating
complement activation) have been observed in acute demyelinating multiple sclerosis
lesions.® In addition, astroglial damage seems to occur in a subset of active multiple
sclerosis lesions. %0 It is also possible that anti-KIR4.1 antibodies may interfere with the
channel function of KIR4.1, resulting in a disruption of potassium buffering and
neurotransmitter homeostasis,32-34 and thus tissue injury or impaired remyelination.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Identification of KIR4.1 asa Target of Serum 1gG in Multiple Sclerosis (M S)
Panel A, left, shows a one-dimensional SDS-PAGE of human brain lysate precipitated with

1gG from the pooled serum of 12 patients with MS and 12 with other neurologic diseases
(OND). (For the middle lane [marked —], no brain lysate was used in the precipitation.)
Unique bands (third lane) above and below the 1gG heavy chain band (arrow) are observed
after immunoprecipitation with purified IgG from the pooled serum of patients with MS.
Panel A, right, shows a two-dimensional electrophoresis of brain antigens obtained after
immunoprecipitation with serum IgG from patients with MS. The spot containing the
KIRA4.1 protein, identified by means of matrix-assisted laser desorption—tandem mass
spectrometry, is outlined with a square. The arrow shows the IgG heavy chain spot. Panel B
shows KIR4.1 detection by Western blot analysis in two different immunoprecipitation (IP)
assays, as indicated. IP assays were performed with serum IgG from patients with OND and
from patients with MS on membrane-protein— enriched fractions of rat kidney and human
brain tissue lysates. The lanes on the left (marked —) of the blots are negative controls (no
1gG used for IP). Panel C shows a Western blot analysis of KIR4.1 immunoprecipitation
from in vitro—translated human KIR4.1 protein with serum IgG from patients with OND and
from patients with MS.
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Figure 2. Validation of KIR4.1 asthe Target of the Serum IgG Reactivity in Patientswith MS
Panel A shows double immunofluorescence labeling revealing colocalization of monoclonal

anti-KIR4.1 with serum IgG from a patient with MS in cerebellar sections of rat brain.
Staining with serum of a patient with other neurologic diseases (OND) is shown as a control
(scale bar, 200 xm for all parts of Panel A). Panel B shows immunofluorescence labeling of
cerebellar sections of wild-type (left) and Kir4.17/~ (right) mice with purified serum IgG
from a patient with MS (scale bar, 100 gm for the upper panels and 50 gm for the lower
panels). KIR4.1-antibody—negative serum specimens did not stain central nervous system

(CNS) tissue from wild-type mice or Kir4.17~ mice (data not shown).
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Figure 3. High-Titer Serum Reactivity to the KIR4.1 Protein in a Subgroup of Patientswith M S
A protein-based enzyme-linked immunosorbent assay (ELISA) was used to detect anti-

KIR4.1 serum autoantibodies. Purified recombinant KIR4.1 from HEK293 cells was
covalently coupled to ELISA plates. Serum antibody binding to KIR4.1 was determined in
healthy donors (HD), in patients with other neurologic diseases (OND), and in patients with
MS or a clinically isolated syndrome (CIS) for the discovery series (Panel A), the first
validation series (Panel B), and the second validation series (Panel C). For the first two
series, KIR4.1 antibody titers of healthy persons, of patients with OND, and of patients with
MS or a CIS were compared with the use of the Kruskal-Wallis test of one-way analysis of
variance followed by Dunn’s multiple comparison test, for which P values are shown. In the
third series, KIR4.1 antibody titers in patients with OND and those with MS or a CIS were
compared with the use of the Mann-Whitney t-test. The threshold for anti-KIR4.1 antibody
positivity (5 SD above the mean optical density [OD] for healthy persons) is indicated by a
dashed horizontal line. For further details, see the Supplementary Appendix.
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Anti-Gfap Anti-Kir4.1

Figure 4. KIR4.1-Specific M S Serum 1gG Antibodies and L oss of Kir4.1 Staining, Disruption of
Gfap Architecture, and Activation of Complement in Vivoin Mice

Phosphate-buffered saline (PBS; first row), serum IgG from a patient with MS depleted of
KIR4.1-specific antibodies (preabsorbed, second row), or serum IgG with preserved anti-
KIR4.1 reactivity (third and fourth rows) was injected into the cisternae magnae of C57BL/6
mice together with human complement. Twenty-four hours after injection, the mice were
killed and brain sections were assessed for glial fibrillary acidic protein (Gfap) expression
(left column), Kir4.1 expression (middle column), and C9neo reactivity (right column) by
means of immunohistochemical analysis. The monoclonal anti-Kir4.1 antibody, which was
used to visualize Kir4.1 expression, binds the intracellular domain of the protein and does
not compete with the KIR4.1 reactive serum IgG for the same epitope of the KIR4.1 protein
(Fig. S7 in the Supplementary Appendix and data not shown). Moreover, the lack of Kir4.1
immunoreactivity in mice that were injected with serum 1gG with preserved anti-KIR4.1
specific antibodies is not caused by masking of the Kir4.1 antigen by nonspecific serum 1gG
antibodies, because the monoclonal antibody used to detect glial Kir4.1 expression was not
blocked when it was applied together with serum 1gG that had been preabsorbed with
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KIRA4.1 (see second row) (scale bars, 50 gm in the upper three rows and 20 gm in the bottom
row).
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