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Abstract
Soluble β-amyloid (Aβ) oligomers impair synaptic plasticity and cause synaptic loss associated
with Alzheimer’s disease (AD). We report that murine PirB (paired immunoglobulin-like receptor
B) and its human ortholog LilrB2 (leukocyte immunoglobulin-like receptor B2), present in human
brain, are receptors for Aβ oligomers, with nanomolar affinity. The first two extracellular
immunoglobulin (Ig) domains of PirB and LilrB2 mediate this interaction, leading to enhanced
cofilin signaling, also seen in human AD brains. In mice, the deleterious effect of Aβ oligomers on
hippocampal long-term potentiation required PirB, and in a transgenic model of AD, PirB not only
contributed to memory deficits present in adult mice, but also mediated loss of synaptic plasticity
in juvenile visual cortex. These findings imply that LilrB2 contributes to human AD
neuropathology and suggest therapeutic uses of blocking LilrB2 function.

Soluble oligomeric species of β-amyloid (Aβ) are thought to be key mediators of cognitive
dysfunction in Alzheimer’s disease (AD) (1, 2). Transgenic mice expressing elevated levels
of human Aβ experience memory loss and synaptic regression (3–6). Aβ production is
thought to be activity-dependent (7, 8), and even in wild-type mice, addition of soluble Aβ
oligomers to hippocampal slices or cultures induces loss of long-term potentiation (LTP),
increases long-term depression (LTD), and decreases dendritic spine density (9–11). Aβ
oligomers may exert some of their adverse effects on synaptic plasticity and memory by
binding to receptors, thereby perturbing or engaging downstream signaling. At least two Aβ
receptors, cellular prion protein (PrPC) and ephrin type B receptor 2 (EphB2), have been
identified, and downstream signaling from both alters N-methyl-D-aspartate (NMDA)
receptor function in response to Aβ (6, 12, 13). Aβ oligomers are also known to engage other
signaling pathways, including the actin-severing protein cofilin and protein phosphatases
PP2A and PP2B/calcineurin, thereby mediating spine loss and synaptic defects (9, 14);
however, signaling upstream of these pathways is not well understood.

Recently, a very early loss of activity-dependent plasticity was discovered in vivo in APP/
PS1 transgenic mice, an AD model in which mutant alleles of both amyloid precursor
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protein (APPswe) and presenilin 1 (PSEN1ΔE9) are expressed (15, 16): Ocular dominance
plasticity (ODP) during the critical period of development in visual cortex [postnatal day 22
(P22) to P32] is defective (17). This observation directly contrasts with mice lacking PirB
(paired immunoglobulin-like receptor B), in which ODP is enhanced during the critical
period and in adults (18). PirB, a receptor originally thought to function exclusively in the
immune system (19), is now also known to be expressed by neurons, present in neuronal
growth cones, and associated with synapses (18, 20). Thus, it is possible that Aβ acts
through PirB to diminish ODP in APP/PS1 mice.

To determine whether PirB can act as a receptor for soluble Aβ oligomers, we prepared
biotinylated synthetic human Aβ1-42 (Aβ42) peptides either without (mono-Aβ42) or with
oligomerization (oligo-Aβ42; consists primarily of high-n oligomers) (Fig. 1, A and B, and
fig. S1A) (12, 21, 22). We then measured binding of Aβ42 peptides to human embryonic
kidney (HEK) 293 cells that expressed mouse PirB (PirB-IRES-EGFP) or control vector
(IRES-EGFP). Relative to monomeric Aβ42, oligomerized Aβ42 peptides bound to PirB-
expressing cells about 6 times as much (Fig. 1, A to D). Oligo-Aβ42 was consistently
associated with PirB protein, as seen both by coimmunostaining (Fig. 1E, arrowheads) and
by coimmunoprecipitation (fig. S1, B and C), indicating a direct interaction with PirB. This
assay also confirms previously reported Nogo-66 binding to PirB (fig. S2) (20). In contrast,
binding of Aβ42 oligomers was not evident in heterologous cells expressing mouse PirA1,
mouse PirA4, or an isoform of rat PirB (23); all of these receptors are closely related to
mouse PirB (Fig. 1, F and G, and fig. S3). This finding indicates that Aβ42 oligomers bind
selectively to PirB. Oligo-Aβ42 binding to PirB expressed in HEK293 cells was saturable,
with an apparent dissociation constant (Kd) of 180 nM monomer equivalent of total Aβ42
peptide (Fig. 1, H to J) (24). An alkaline phosphatase assay gave a similar binding affinity
(Kd = 160 nM; fig. S4). In contrast, mono-Aβ42 exhibited no apparent binding affinity to
PirB (Fig. 1, H to J).

Aβ42 oligomer binding to cultured cortical neurons from PirB−/− mice was diminished by
about 50% relative to wild-type neurons, indicating that binding is PirB-dependent. The
estimated Kd for Aβ42 oligomers and neuronal PirB is 110 nM (Fig. 1K), similar to that
observed for PirB-expressing HEK293 cells (Fig. 1, I and J). We note that this binding is not
completely abolished in the absence of PirB (Fig. 1K), which suggests that additional
binding sites for Aβ oligomers exist (6, 12, 25). Together, these results suggest that PirB is a
high-affinity receptor for Aβ oligomers.

The human homolog of murine PirB is leukocyte immunoglobulin (Ig)–like receptor B,
which comprises five family members, LilrB1 to LilrB5 (19, 20). To identify which of these
orthologs functions analogously to PirB as a receptor for Aβ oligomers, we examined the
three most related LilrB receptors, LilrB1, 2, and 3 (19, 20, 26, 27), as well as a moderately
related human killer immune receptor (Kir) (Fig. 2A). Aβ42 oligomers robustly bound to
LilrB2-expressing heterologous cells, but not to LilrB1-, LilrB3-, or Kir (3DL1)–expressing
cells (Fig. 2B and fig. S5A). Binding was saturable, with an apparent Kd of 206 nM (Fig. 2,
C and D; also fig. S5, B and C: Kd = 250 nM). LilrB2 displayed minimal binding to mono-
Aβ42 (Fig. 2, C and D), which suggests selective binding with Aβ42 oligomers. LilrB2
proteins were detected in human brain specimens from both AD patients and non-AD adults
(table S1), with no significant difference in levels (Fig. 2, E and F); however, downstream
signaling was altered in AD (see below). These results suggest that LilrB2 is available as a
receptor for Aβ oligomers in human brain. LilrB2 has also been identified as a human
ortholog of PirB for other recently discovered nonimmune ligands: In vitro, PirB and LilrB2
act as functional receptors to inhibit axonal outgrowth on Nogo, myelin-associated
glycoprotein, and oligodendrocyte myelin glycoprotein substrates (20); in the hematopoetic
system, angiopoietin-like proteins can also bind to PirB and LilrB2 to support stem cell and
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leukemia development (26). These observations imply that mouse PirB may have diverse
functions well beyond inhibitory signaling in the innate immune system and that LilrB2 may
execute these roles in humans, particularly in the nervous system.

To determine the domains of PirB or LilrB2 responsible for Aβ oligomer binding, we made
full-length or deletion mutants of PirB and LilrB2 (Fig. 2G). Because Aβ oligomers appear
to bind preferentially to dimeric PirB in heterologous cells (fig. S6A), soluble dimeric forms
of PirB or LilrB2 extracellular domain were constructed using human IgG1-Fc (fig. S6B). In
vitro binding to Aβ42 oligomers revealed that the two most N-terminal Ig domains (D1D2)
of PirB and of LilrB2 are critical, whereas the PirB-D5D6 and LilrB2-D3D4 domains have
minimal affinity (Fig. 2, G and H, and fig. S6C) (28). In this assay, PirB-Fc, LilrB2-Fc, and
PirB(D1D2)-Fc proteins pulled down high-n Aβ42 oligomers (Fig. 2H), recapitulating
coimmunoprecipitation results (fig. S1B). PirB(D5D6)-Fc was used as a negative control
and the oligomeric status of bound Aβ42 was confirmed using the oligomer-specific
antibody OMAB (29) (Fig. 2H and fig. S6D). These results suggest that PirB and LilrB2 are
potent receptors for Aβ42 oligomers, and that their D1D2 domains are sufficient to mediate
binding.

If PirB or LilrB2 mediates deleterious effects of Aβ on synaptic function, then deletion of
PirB should mitigate them in cellular or animal models of AD. A cellular mechanism
proposed to underlie memory impairment in AD is loss of hippocampal LTP resulting from
the presence of soluble Aβ oligomers (2, 12). To assess a direct contribution of PirB to this
cellular correlate of AD pathology, we examined the effects of acute Aβ42 oligomer
addition in wild-type and PirB−/− hippocampal slices; LTP at Schaffer collateral-CA1
synapses was measured (Fig. 3, A to D). Because PirB has high affinity for Aβ oligomers
(Kd ≈ 110 to 180 nM; Fig. 1 and fig. S4), slices were treated with 200 nM total peptide of
oligomerized Aβ42 or with vehicle control, and field excitatory postsynaptic potentials
(fEPSPs) after theta burst stimulation (TBS) were recorded. Consistent with previous reports
(12, 30), Aβ42 oligomers abolished LTP in hippocampal slices from wild-type mice
(vehicle, 134 ± 4% of baseline; Aβ42 oligomer, 94 ± 7% of baseline; Fig. 3, A and C). In
marked contrast, in PirB−/− slices, LTP remained intact even in the presence of Aβ42
oligomers (135 ± 5% of baseline; Fig. 3, B and C); these effects were significantly different
between wild-type and PirB−/− slices (Fig. 3D). Application of vehicle control in PirB−/−

slices did not alter the magnitude of LTP, which was similar to wild-type mice (125 ± 4% of
baseline; Fig. 3, B and C), consistent with previous observations of hippocampal LTP in
PirB−/− mice (31). These experiments demonstrate that the deleterious effects of Aβ
oligomers on hippocampal LTP depend on PirB.

To assess whether PirB contributes in vivo to cognitive deficits, we crossed APP/PS1
transgenic (Tg) mice with PirB−/− mice to generate APP/PS1 littermates with (PirB+/− Tg)
or without (PirB−/− Tg) PirB. First, recognition memory was examined using two tests:
novel object recognition and novel place recognition (6, 32). As expected (32), impaired
behaviors were observed in both tests in 9-month-old PirB+/− Tg mice; however, these
learning and memory defects were not evident in mice lacking PirB (PirB−/− Tg) (Fig. 3, E
and F). Together, these observations demonstrate that PirB contributes not only to Aβ-
mediated loss of hippocampal LTP but also to defects in recognition memory that
characterize older APP/PS1 mice and are symptoms of synaptic pathology in AD.

One of the earliest manifestations of pathology detected in APP/PS1 mice is impaired ODP
(17). We evaluated ODP during the developmental critical period (P22 to P32) by measuring
the ability of one eye to expand its functional representation within visual cortex after
removal of the other eye (Fig. 3G). ODP was significantly diminished in APP/PS1 mice
(PirB+/− Tg) (18%; Fig. 3, H and I) (17). When we deleted PirB, the mice (PirB−/− Tg)
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showed no loss in ODP. In fact, PirB−/− Tg mice had ODP similar to that of PirB−/− mice
and greater than that of PirB+/− mice (Fig. 3, H and I), consistent with previous observations
(18) and with the fact that PirB binds other ligands known to limit ODP in addition to Aβ
(i.e., MHCI; Nogo; fig. S2 and S10) (18, 20, 33).

Cellular mechanisms associated with ODP in visual cortex of juvenile APP/PS1 mice were
also examined. LTD of synaptic responses in cortical layer 2/3 induced by low-frequency
stimulation of layer 4 (fig. S7A) shares mechanisms with those that cause weakening of
deprived-eye visually driven responses after monocular deprivation (34, 35). The magnitude
of LTD at L4 to L2/3 synapses in APP/PS1 mice is almost 3-fold greater than in
nontransgenic littermates (fig. S7, B and C). This excessive LTD in PirB+/− Tg slices is not
evident in PirB−/− Tg slices (fig. S7, B to D). Collectively, these data show that PirB
function is associated not only with synaptic and cognitive alterations induced in adult mice
by Aβ but also with loss of plasticity during early development in visual cortex of APP/PS1
mice.

Next, to identify signaling mechanisms engaged by the association of oligomeric Aβ with
either PirB or LilrB2, we compared downstream signaling pathways in APP/PS1 mice with
or without PirB. From an unbiased proteomic screen, we identified the actin-depolymerizing
factor cofilin, as well as the serine-threonine phosphatases PP2A and PP2B/calcineurin, as
potential PirB interactors. These candidates have already been implicated in Aβ-dependent
synaptic loss and are engaged after induction of hippocampal LTD or LTP (9, 14, 36–38). In
forebrains of APP/PS1 (PirB+/− Tg) mice, interactions of PirB with cofilin (Fig. 4A), as well
as with protein phosphatases PP2A, B, or C (fig. S8), were increased relative to
nontransgenic littermates. In contrast, other PirB signaling pathways, including tyrosine
phosphorylation of PirB and its association with SHP-2 (18, 39, 40), were not significantly
changed (Fig. 4A, lanes 1 and 2), nor were the levels of Aβ oligomers, including previously
reported Aβ*56 (41) (56-kD high-n oligomers) (fig. S9; lanes 2 and 4). Together, these
results suggest that the elevated interactions between PirB and cofilin or protein
phosphatases in APP/PS1 mice are most likely to be caused by Aβ-PirB interactions.

PP2A and PP2B/calcineurin can activate cofilin by dephosphorylation at the Ser3 residue
(42, 43), and the resulting actin filament disassembly appears to be crucial for Aβ oligomer–
induced spine loss (9). Indeed, levels of cofilin phosphorylation at Ser3 normalized to total
cofilin levels were reduced about 40% in juvenile (P30) APP/PS1 forebrains (Fig. 4, B and
D), as well as in adult (P200) hippocampal synaptosomes (Fig. 4, C and E), which were
fully restored to normal levels by knocking out PirB (Fig. 4, B to E). Cofilin activity could
be decreased by LIM kinase (LIMK) 1/2, an upstream kinase that phosphorylates cofilin at
Ser3; no evident change was detected in LIMK1/2 activity in APP/PS1 mice with or without
PirB (Fig. 4, B to E), implying that PirB and LIMK signaling may regulate cofilin
independently. Addition of Aβ42 oligomers to cultures of cortical neurons also consistently
triggers cofilin activation (25% reduction in cofilin phosphorylation in wild-type neurons
after 1 hour of treatment), as well as the loss of the postsynaptic protein PSD-95 (23%
reduction after 24 hours of treatment) (Fig. 4, F and G). These changes did not occur in
cortical neuron cultures from PirB−/− mice. Levels of cofilin phosphorylation in human
Alzheimer’s brains were reduced by about 38% relative to those in non-AD control brains
(Fig. 4, H and I). In AD brains, elevated Tau phosphorylation was also observed (Fig. 4H),
consistent with AD diagnosis (table S1). Thus, the PirB receptor may act directly to link Aβ-
induced synaptotoxicity and cofilin or protein phosphatase pathways (9): Aβ oligomer–PirB
binding would recruit cofilin-signaling modules to facilitate actin depolymerization,
resulting in synaptic loss (indicated by reduction of PSD-95), ultimately leading to altered
synaptic plasticity and cognitive deficits in APP/PS1 mice (fig. S10). In the cerebral cortex
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of Alzheimer’s patients, LilrB2 could engage similar cofilin-mediated downstream
mechanisms.

Our results show that murine PirB and its human ortholog LilrB2 act as receptors for
oligomeric forms of Aβ42. Mice lacking PirB are immune to the damaging effects of Aβ in
hippocampal LTP and recognition memory, as well as to alterations in cofilin signaling and
PSD-95 synaptic loss. We suggest that interactions between Aβ oligomers and PirB generate
not only synaptotoxicity in mouse models of AD but also early defects in developmental
plasticity present in visual cortex (17). The demonstration here that PirB−/− but not wild-
type hippocampal slices are resistant to the acute effects of Aβ oligomers on LTP and that
Aβ oligomers can alter cofilin signaling in wild-type but not PirB−/− cortical neurons in
vitro, also argues that the rescue of AD phenotypes in PirB−/− Tg mice is via direct
abrogation of PirB action, rather than indirect compensation or parallel signaling pathways.
We also identify LilrB2 in human brain as an Aβ receptor that may contribute to synaptic
loss and cognitive impairment in AD progression. Our results show that via PirB, Aβ
oligomers can engage signaling pathways for neuronal actin organization that lead to
synapse elimination. Therapies that selectively block LilrB2 function may be promising for
treatment of AD even in the prodromal stage.
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Fig. 1. PirB is a receptor for oligomeric Aβ
(A) Monomeric (mono) or oligomerized (oligo) synthetic human Aβ42 peptides (fig. S1A)
(21, 22) were analyzed by size exclusion column chromatography. Arrows indicate
monomeric form; V0, void volume; absorbance at 215 nm is in arbitrary units. (B) The same
peptides were analyzed by Western blotting with antibody to Aβ (4G8; detects Aβ17-24).
(C) PirB-IRES-EGFP–transfected (top) or control IRES-EGFP–transfected (bottom)
HEK293 cells (green) were treated with mono- or oligo-Aβ42 (100 nM total peptide,
monomer equivalent), and bound Aβ42 (red) was visualized. See also fig. S1. DAPI, 4′,6-
diamidino-2-phenylindole. (D) Quantification of Aβ42 binding represented in (C). AU
denotes average signal per pixel (22); data are means ± SEM (PirB-IRES-EGFP, n = 5;
IRES-EGFP, n = 4). (E) PirB-expressing cells were treated with oligo-Aβ42 (100 nM) and
immunostained for Aβ and PirB. Colocalization is observed particularly at cell membrane
(i.e., arrowheads). (F) Schematic of mouse PirB, the highly related mouse PirA1 and PirA4,
and a rat PirB isoform (23). Amino acid sequence similarities to mouse PirB (% score,
ClustalW) are indicated at bottom. Ig, immunoglobulin domain; ITIM, immunoreceptor
tyrosine-based inhibitory motif. (G) Relative oligo-Aβ42 (200 nM) binding to HEK293 cells
expressing mouse PirB, PirA1, or PirA4 or rat PirB; see also fig. S3. Data are means ± SEM
(n = 4 or 5). (H) Dose-dependent binding of mono- or oligo-Aβ42 (squares and circles,
respectively) to HEK293 cells expressing IRES-EGFP (green) or PirB-IRES-EGFP (red),
assessed as a function of Aβ42 total concentration. (I) Binding curve of mono- or oligo-
Aβ42 to PirB. Data (PirB-IRES-EGFP minus IRES-EGFP) are from (H) (22). (J) Scatchard
plots of data from (I). Data are means ± SEM (n = 4). Calculated Kd = 180 ± 52 nM; see also
fig. S4. (K) Binding of oligo-Aβ42 to cultured cortical neurons (21 days in vitro) is
diminished ~50% by deletion of PirB (PirB−/−), as assessed by alkaline phosphatase assay.
Data are means ± SEM (n = 6). Estimated Kd for neuronal PirB [dashed line: ΔPirB = wild
type (WT) minus PirB−/−] is 110 nM.
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Fig. 2. LilrB2 is a PirB ortholog present in human brain and acts as a receptor for Aβ oligomers
via the D1D2 domain
(A) Schematic of LilrB1, LilrB2, LilrB3, and Kir (3DL1), human homologs of mouse PirB.
Amino acid sequence homologies (% score, ClustalW) to PirB or to LilrB2 are given at
bottom. (B) Aβ42 oligomer (200 nM) selectively binds to LilrB2-expressing HEK293 cells
but not to LilrB1-, LilrB3-, or Kir-expressing cells (arbitrary units); see fig. S5A. Similar
LilrB1, LilrB2, and LilrB3 expression levels were verified by Western blotting (inset) with
antibodies to Myc. Data are means ± SEM (n = 5). (C and D) Dose dependence of mono-
Aβ42 (squares) or oligo-Aβ42 (circles) binding to LilrB2 expressed in HEK293 cells (22);
data are means ± SEM (n = 4). Kd = 206 ± 65 nM; see also fig. S5, B and C. (E) LilrB2 is
expressed in frontal lobe of specimens from three adult humans (non-AD; C1 to C3) and
from four Alzheimer’s patients (AD1 to AD4) (table S1). Protein extracts from fresh frozen
frontal lobe were immunoprecipitated with control IgG or LilrB2-specific antibodies
followed by Western blot analysis. (F) Quantitation of LilrB2 protein levels shown in (E).
Data are means ± SEM. (G) Deletion of the D1D2 domain abrogates binding of Aβ42
oligomers to PirB and LilrB2. Top: Schematic of PirB and LilrB2 ectodomain constructs:
full-length or truncated Ig domains fused to human IgG-Fc (hIgG-Fc). Bottom: Bar graphs
of average band intensities ± SEM from experiments such as that shown in fig. S6C (n = 3).
Note that sequence analysis using pairwise alignment indicates that the D1D2 domain of
LilrB2 aligns closely with the D1D2 domain of PirB (28). (H) PirB-Fc or LilrB2-Fc binds
predominantly to high-n oligomeric forms of Aβ42. Oligomerized Aβ42 (input; also
contains low-n oligomers and monomeric Aβ42) was subjected to immunoprecipitation with
full-length or truncated soluble PirB- or LilrB2-Fc proteins followed by Western blot
analysis. Aβ oligomer binding domain–deficient PirB (D5D6)-Fc treatment was used as
negative control (lane 1). Top right: Western blot with antibodies to Aβ specific for
oligomeric forms (OMAB; see fig. S6D); Bottom left: quantification of Aβ42 binding. Data
are normalized average band intensities ± SEM (n = 3).
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Fig. 3. PirB deletion rescues synaptic plasticity and behavioral deficits in AD models
(A) Acute application of oligo-Aβ42 inhibits LTP in WT hippocampal slices. fEPSPs were
recorded from stratum radiatum in the CA1 region of hippocampal slices from 4- to 5-
month-old WT mice with or without addition of oligo-Aβ42 (200 nM total peptide). Top
panels show example fEPSP traces immediately before (light traces) and 45 min after (heavy
traces) TBS; each is an average of five individual consecutive traces. Calibration bar = 0.5
mV/5 ms. The slope of the fEPSP after TBS, relative to baseline, is plotted as a function of
time in the lower panel. Vehicle, n = 7 animals, 9 slices; Aβ42 oligomer, n = 6, 9 slices. (B)
Aβ42 oligomer does not block LTP in PirB−/− slices. Vehicle, n = 5 animals, 8 slices; Aβ42
oligomer, n = 4, 6 slices. (C) Histograms of fEPSP slope measured 45 min after TBS. Each
is a 2-min average of recordings taken from all slices of a given condition at time marked #
in (A) and (B); all data are means ± SEM, ***P < 0.0001, t test. (D) Comparison of Aβ42
oligomer effects on hippocampal LTP from WT and PirB−/− mice; replotted from (A) and
(B). (E) Novel object recognition memory of 9-month-old mice was evaluated by measuring
percent of time mice spent exploring a novel versus a familiar object during a 10-min test
session. (F) Novel place recognition memory (9-month-old) reflects percent time mice spent
exploring familiar objects whose locations were or were not changed. Values are means ±
SEM, *P < 0.05, paired t test. PirB+/−; APP/PS1 (PirB+/− Tg, n = 6), PirB−/−; APP/PS1
(PirB−/− Tg, n = 5). (G) Schematic of mouse visual system showing connections from eyes
to lateral geniculate nucleus (LGN) to visual cortex. Cortical binocular zone (BZ) receives
inputs from both eyes via the LGN. (H) In situ hybridization for Arc mRNA (digoxigenin-
labeled antisense riboprobe) in visual cortex BZ of PirB;APP/PS1 littermates. At P22, one
eye was removed; 10 days later (P32), induction of mRNA for the immediate early gene Arc
at P32 was used to monitor width of territory receiving functional input from the open
(ipsilateral) eye. Note that high Arc mRNA expression in layer 2/3 neurons within dashed
lines, denoting domain of Arc induction in visual cortex. Scale bar, 500 μm. (I)
Quantification of expansion in width of Arc mRNA signal in L2/3 visual cortex shown in
(H). Data are means ± SEM; ***P < 0.001, t test; PirB+/− (n = 14 animals), PirB+/− Tg (n =
7), PirB−/− (n = 14), PirB−/− Tg (n = 10).
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Fig. 4. Cofilin is recruited and activated by PirB in an Aβ-dependent manner in vivo and in vitro
and is altered in human AD frontal cortex
(A) PirB interacts with cofilin in vivo in PirB+/− Tg mice (P30, forebrain), assessed by
immunoprecipitation for PirB. Other known PirB-proximal signaling and interactions such
as tyrosine phosphorylation of PirB and SHP-2 recruitment to PirB are not altered in PirB+/−

relative to PirB+/− Tg mice. Representative data are shown (n > 2). (B and C) Cofilin
phosphorylation is reduced in both (B) juvenile (P30, forebrain) and (C) adult (P200,
hippocampal synaptosomes) PirB+/−; APP/PS1 (PirB+/− Tg) mice relative to PirB+/− mice,
and this reduction is rescued by PirB deletion (PirB−/− Tg). No significant alterations in LIM
kinase (LIMK) 1/2 phosphorylation (Thr508/Thr505) were de tected. (D and E) Quantificaton
of cofilin phosphorylation (left, expressed as pCofilin/total cofilin) and pLIMK levels (right)
represented in (B) and (C). (D) Means ± SEM from four independent experiments (13
animals per genotype) (22) shown in (B). *P < 0.05, U test. (E) Means ± SEM (n = 3; **P <
0.01, t test) shown in (C). (F) Cortical neurons (DIV18 to 22) isolated from WT or PirB−/−

embryos (E16) were treated with oligo-Aβ42 (100 nM) for 1 hour (top panels) or 24 hours
(middle panels) and cofilin signaling or PSD-95 levels were analyzed by Western blotting.
Anti-Tuj1 (βIII-tubulin) antibodies detect neuronal tubulin. Bottom panels: Expression of
PirB in these neurons detected by PirB immunoprecipitation. (G) Summary of cofilin
phosphorylation (left; *P < 0.05, U test, n = 7) or PSD-95 levels (right; *P < 0.05, U test, n
= 6) represented in (F). (H) Increased cofilin activity and Tau phosphorylation (Ser396) in
human frontal cortex specimens from Alzheimer’s patients (AD1 to AD4) relative to non-
AD adults (C1 to C3) (table S1), assessed by Western blot analysis. (I) Summary of cofilin
phosphorylation cases represented in (H). Means ± SEM, *P < 0.05, t test.
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