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Figure 6. Heterogeneity between perivascular deposition of activated
complement and immunoglobulins and AQP4 expression. (A-G) Serial
sections of the peripheral area of chronic active lesions in the cerebral
white matter of NMO-10. A. Demyelinating lesions confined to the
vicinity of blood vessels. B. No inflammatory cell infiltration. €. AQP4
immunoreactivity on astrocyte processes. Immunoreactivities to acti-
vated complement (C3d (D) and C3neo (E)) and immunoglobulins (igM
(F) and 1gG (G)} in the perivascular areas. Note that one blood vessel
does not show deposition of activated complement or immunoglobulins
(arrow in D-G). (H-L) Serial sections in the cerebral white matter of the
same case. H. A chronic inactive demyelinating lesion. 1. Few CD68-
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positive macrophages in the lesion. J. AQP4 labeling of the astrogliosis
covering the lesions. C3d (K) and IgG {L) immunoreactivities are most
intense in the perivascular area. (M-0) Serial sections of a chronic active
demyelinating lesion in the spinal cord of the same case. M. Loss of
AQP4 immunoreactivity is confined tc the perivascular areas associated
with C3d {N) and IgM (0) deposition. A, H, KB, B, I, CD68 immunohis-
tochemistry {(IHC}; C, J, M, AQP4 IHC; D, K, N, C3d IHC; E, C9neo IHC; E,
0. IgM IHC; G, L. IgG IHC. Scale bar = 100 um (A-G); 50 um (H-O);
15 um (C). AQP4 =aquaporin4; GFAP =glial fibrillary acidic protein;
KB = Kliver-Barrera staining; NMO = neuromyelitis optica.

complement-related mechanisms are important in AQP4 astrocyt-
opathy in a fraction of NMO cases, as seen in one case with anti-
AQP4 antibody, but AQP4 loss can also occur in some actively
demyelinating MS lesions, and can occasionally be very extensive,
as seen in the Bal6-like concentric spinal cord lesions of MS-4.
Furthermore, the lesion-to-lesion heterogeneity in the AQP4
expression pattern observed in NMO cases implies a heteroge-
neous relationship between anti-AQP4 antibody and loss of AQP4
expression.

Our study has some limitations inherent to studies using archival
autopsied materials. First, because the autopsied cases died with
the disease, there was a potential bias toward severe cases. Our
histological evaluation focusing on early active lesions and sepa-
rately analyzing necrotic lesions can minimize this selection bias.
Second, the anti-AQP4 antibody status was only known in one case,
because the other autopsies were performed before the discovery of
NMO-IgG. These limitations are common to the other pathological
studies on AQP4 expression in NMO by Misu ef al (38) and
Roemer et al (45). We were able to evaluate AQP4 expression in the
one NMO case with confirmed anti-AQP4 antibodies, which
enabled a detailed evaluation of the relationship between the pres-
ence of anti-AQP4 antibody and AQP4 expression in the CNS.

The results of our study are somewhat discordant with those of
previous studies (38, 45), which might, in part, be attributable to
the differences in methodology and materials. Regarding the stain-
ing method, in our previous (33) and present studies, we found
AQP4 expression patterns similar to those reported in normal and
diseased control brain tissues (1, 27, 38, 45) despite using a differ-
ent anti-AQP4 antibody. The evaluation of necrotic lesions also
requires some consideration. In necrotic lesions totally replaced by
macrophages where no viable astrocytes existed, we could not
differentiate whether the loss of AQP4 was caused by down-
modulation of AQP4 in astrocytes or the loss of astrocytes per se.
Furthermore, in such destructive lesions, it would be difficult to
determine the causal relationship between AQP4 loss and the astro-
cyte damage. Therefore, we decided to put more stress on evaluat-
ing earlier lesions where the background tissues were still
relatively preserved. Although the clinical features of MS are
somewhat different between northern (Misu’s cases) and southern
Japanese (our cases) (15, 41), these differences in methodology
should not seriously distort our results.

Half of our NMO cases showed a preferential loss of AQP4 in
actively demyelinating and chronic active lesions, whereas the rest
did not, despite severe tissue destruction. This is in line with the fact
that anti- AQP4 antibody is not detected in 30%—70% of NMO cases
(22). Vasculocentric complement and immunoglobulin deposition
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was noted only in NMO/NMOSD cases but not in MS cases. These
findings support the notion that AQP4 loss in NMO cases results
from immune responses to AQP4 (38, 45). Accordingly, it is possible
that pathologically, there are two types of NMO, namely AQP4
autoimmunity-related and AQP4 autoimmunity-unrelated, and the
latter may correspond clinically to seronegative NMO (31, 35).

The vasculocentric deposition of complement and immunoglo-
bulins.was only detected in NMO patients with AQP4 loss, includ-
ing one with anti-AQP4 antibody. This supports the hypothesis that
anti-AQP4 antibody destroys perivascular astrocyte foot processes
via complement-dependent mechanisms. However, more than half
of the AQP4-down-modulated NMO lesions showed no vasculo-
centric deposition of complement and immunoglobulins. This
might be caused by very transient complement and immunoglobu-
lin deposition. We staged NMO lesions with myelin-laden mac-
rophages as active according to the lesion staging in MS; however,
it is possible that complement/immunoglobulin deposition rapidly
disappears even in the presence of myelin-laden macrophages once
it triggers the astrocytic damage. Alternatively, the findings might
be interpreted, such that the anti-AQP4 antibody and complement-
mediated mechanism is unique to NMO, but does not always
accompany every lesion. Further studies are necessary to clarify
the time course of complement/immunoglobulin deposition during
the formation of NMO lesions in an experimental model.

Our pathological study also argues against autoimmune AQP4
destruction as the sole NMO mechanism. First, the severity of
tissue destruction was unrelated to tissue AQP4 loss or preserva-
tion. Second, AQP4 expression was heterogeneous even in the same
individual. Although chronic inactive lesions may restore AQP4
expression with astrogliosis, one NMO case showed preservation
of AQP4 in actively demyelinating optic chiasmal lesions, despite
reduced AQP4 expression in other CNS lesions. Third, the perivas-
cular deposition of complement and immunoglobulins did not
closely correlate with perivascular AQP4 loss.

Anti-AQP4 antibody titer could change from patient to patient
and between different disease stages in the same patient, which
might have affected AQP4 expression levels in the pathological
lesions. However, in this case, the existence of actively demyelinat-
ing lesions without AQP4 loss in NMO patients showing preferen-
tial AQP4 loss in other active lesions suggests that anti-AQP4
antibody does not always play a primary role in initiating inflam-
matory lesions. Other factor(s) may be responsible for triggering
the pathological features, which are then modulated by anti-AQP4
antibodies. To clarify the real consequences of this autoantibody, a
prospective neuropathological study based on anti-AQP4 antibody
status is required.
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Regarding MS, somewhat inconsistent tesults have been
reported. Misu ez al (38) reported no loss of AQP4 in MS plaques,
whereas Roemer ef al (45) found stage-dependent loss of AQP4,
with inactive MS lesions showing complete AQP4 loss. On the
other hand, Sharma et af (48) observed patchy AQP4 loss only in a
subset of active lesions following pattern Il MS lesions. These
authors found loss of perivascular astrocytic foot processes where
AQP4 was lost, while numerous reactive astrocytes had intense
AQP4 immunoreactivity in the lesions. In our study, AQP4 expres-
sion was decreased or totally lost in acute and chronic active
demyelinating lesions in a fraction of MS cases, including one that
lacked optic nerve and spinal cord lesions. At the cellular level,
disruption of astrocytic vascular foot processes was evident in such
lesions, and AQP4 expression was lost in both cell bodies and
vascular foot processes of astrocytes as seen in acute NMO lesions.
Our present and previous findings (33) raise the possibility that
AQP4 loss per se is not confined to NMO, but rather, that it could
also occur in actively demyelinating lesions of MS and BCS, sug-
gesting a notion that astrocyte damage accompanied by AQP4 loss
is not always related to anti-AQP4 antibody. Sharma et al (48) also
reported that autoantibody-independent AQP4 loss and astrocytic
dysfunction occurs in lipopolysaccharide-induced experimental
demyelination, providing experimental support for such a notion.
Interestingly, Balo-like concentric lesions in the spinal cord of
MS-4 also showed similar extensive AQP4 loss to BCS, including
in the areas of preserved myelin. We previously found no vasculo-
centric deposition of complement and immunoglobulin in BCS
cases (33), and we and others (2) also demonstrated no such
perivascular deposition in MS. Thus, extensive AQP4 loss without
perivascular deposition of complement and immunoglobulin may
be a common pathological feature of at least a subset of the concen-
tric lesions in BCS and MS.

In summary, antibody-mediated AQP4 astrocytopathy occurs
only in NMO, whereas antibody-independent AQP4 astrocytopathy
can develop in various demyelinating conditions, including MS,
BCS and a fraction of NMO cases (Figure 7C). Further studies on
astrocytopathy as well as the dynamic plasticity of astrocytes in
demyelinating diseases may shed light on the mechanisms underly-
ing MS and allied disorders.
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