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Abstract Microglia clean up dead cells and debris
through phagocytosis in the central nervous system. UDP-
activated P2Y receptors (P2Y¢Rs) induce the formation of
phagocytic cup-like structure and P2Y¢R expression is
increased during the phagocytosis. However, it remains
unclear how surface expression of P2Y¢R is increased.
PICK1 (protein interacting with C-kinase-1) interacts with
various neurotransmitter receptors, transporters, and
enzymes. We here report that PICK1 might interact with
P2YgR. Surface P2Y¢R was reduced in microglia from
PICK1-knockout mice and PICK1-knockdown BV2 cells,
which was also confirmed by electrophysiological record-
ings, showing that P2Y¢R-mediated current was increased
by PICK1 overexpression but was reduced by PICKI-
knockdown in BV2 microglia. Finally, PICK1 was
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sufficient to affect cytoskeletal aggregation and phagocy-
tosis both in primary microglia and BV2 cells. These
results indicate that PICK1 is an important regulator of
P2Y¢R expression and microglial phagocytosis.
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Abbreviations
AMPAR  A-amino-3-hydroxy-5-methyl-4-isoxazole-
propionic acid receptor

BAR Bin-Amphiphysin-Rvs

Ibal Ca2+-binding adapter molecule 1
PICK1 Protein interacting with C-kinase 1
PDZ PSD-95/DIgA/Z0O-1

PKC Protein kinase C

PBS Phosphate-buffered saline
Introduction

Microglia, the immune cells in the central nervous system
(CNS) [1], detect pathological changes in the microenvi-
ronment and quickly respond to maintain CNS homeostasis
[2]. During CNS development, microglia can swallow
excess synapses, thereby regulating the number of synapses
[3]. Under pathological conditions, microglia clean up dead
cells and debris through the process of phagocytosis,
thereby reducing the secondary damage to CNS [4, 5].
Hence, studies on phagocytosis are important to understand
roles of microglia in CNS.

It has been shown that receptors on the surface of
microglia are remarkably sensitive to subtle changes in
microenvironment [6, 7]. Notably, P2Y¢ receptor (P2Y¢R),
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a G-protein-coupled purinergic receptor, is critical to
microglial phagocytosis [8, 9]. P2Y¢R is activated by UDP
released by damaged neurons, and surrounds larger exter-
nal particles through membrane ruffle. Meanwhile, mRNA
and protein levels of P2Y¢R in microglia are also
increased, and the phagocytosis can be blocked by P2Y¢R
antagonists [8, 9]. In fact, P2Y¢R deficiency is closely
linked to neurodegenerative and immune diseases in CNS
[10]. These findings highlight critical functions of P2Y¢R
in regulating microglial phagocytosis. However, it remains
unclear how P2YgR expression is increased and how
P2Y(R is transported to plasma membrane.

PICK1 (protein interacting with C-kinase-1) is first
cloned as a protein kinase C (PKC)-binding protein [11]. It
is the only known protein that possesses a PSD-95/DIgA/
Z0-1 (PDZ) domain and a Bin-Amphiphysin-Rvs (BAR)
domain, and has received considerable attention [12].
Through the PDZ domain, PICK1 interacts with various
neurotransmitter receptors, transporters, and enzymes [12,
13]. Through the BAR domain, PICK1 anchors its partners
and influences their synaptic localization and function [12,
13]. The best-characterized function of PICKI1 is that it
regulates trafficking of GluRA2 subunit of o-amino-3-hy-
droxy-5-methyl-4-isoxazole-propionic ~ acid  receptor
(AMPAR) during long-term depression and long-term
potentiation [12—16].

In the present work, we found that PICKI interacted
with P2Y¢R in vivo and in cultured microglia and BV2
cells. Overexpression of PICK1 in BV2 increased surface
expression of P2Y¢R and UDP-induced currents. On the
contrary, PICKI-knockdown decreased P2Y¢R currents
and surface expression in BV2 cells, which was confirmed
by the reduced surface expression of P2Y¢R in cultured
microglia derived from PICK1 ™'~ mice. Finally, PICK1
expression was sufficient to change the cytoskeletal
arrangement and phagocytosis in microglia. In summary,
our work first suggests that PICK1 is an important regulator
of P2Y¢R expression and microglial phagocytosis.

Experimental and Methods
Animals

All experiments were approved by the Animal Experi-
mentation Ethics Committees of Jiaxing University and
Zhejiang University, and were specifically designed to
minimize the number of animals used. PICK1-knockout
mice were the same as used in previous work [17] and
maintained at the Experimental Animal Center of Zhejiang
University. Mice were kept under temperature-controlled
conditions on a 12:12 h light/dark cycle with food and
water ad libitum.
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Antibodies and Reagents

Antibodies  against P2YgR  (#ab92504), P2Y, R
(#ab180718), Flag (#abl1162), GFP (#ab6556), and
GAPDH (#ab181602) were from Abcam (Cambridge, UK).
Antibody to flotillin-1 (#61020) was from BD Biosciences
(San Jose, CA). Antibody to ionized Ca*"-binding adapter
molecule 1 (Ibal) (#01919741) was from Wako (Osaka,
Japan). Mouse anti-PICK1 antibody (#L20-8) was from
NeuroMab (Davis, CA) and rabbit polycolonal anti-PICK1
antibody was from Jun Xia (Hong Kong). Horseradish
peroxidase-conjugated secondary antibodies (#31420 and
#31460) were from Thermo (Rockford, IL). IgG antibody
(#PA5-23094), Alexa Fluor 543-conjugated secondary
antibody (#A-11037), Alexa Fluor 488-conjugated sec-
ondary antibody (#A-10034), Alexa Fluor 350-conjugated
secondary antibody (#A-10039), Alexa Fluor 594-conju-
gated phalloidin, Alexa Fluor 594 Zymosan A-BioParticles
conjugate, and X-thod-1-AM were from Invitrogen
(Carlsbad, CA). The protease inhibitor cocktail was from
Merck Chemicals (Darmstadt, Germany). Latruncullin A
was from Cayman (Ann Arbor, Michigan). Other chemi-
cals were from Sigma (St. Louis, MO) unless stated
otherwise.

BV2 Microglia Culture

The murine BV2 cell line was maintained in DMEM
supplemented with 10 % FBS, 100 U ml™" penicillin and
100 pg ml~" streptomycin at 37 °C in a humidified incu-
bator with 5 % CO,. Confluent cultures were passaged by
trypsinization. Cells were washed twice with warm DMEM
and treated in serum-free medium for at least 4 h before
experiments.

Primary Microglia-Enriched Culture

Microglial cells were prepared from the cortex of P1 mice
as described previously [18]. Briefly, cortex was gently
triturated and seeded (5 x 107) in 150 cm? flasks. Two
weeks after seeding, microglial cells were separated from
astrocytes by shaking the flasks for 5 h at 150 g and were
replaced at 1 x 10 in a 24-well plate precoated with poly-
D-lysine. The enriched microglia were >95 % pure, as
determined by immunostaining with antibody against F4/
80 (eBioscience, San Diego, CA).

Lentivirus Transfection

The lentivirus transfection was performed according to
previous work [17, 19]. Lentivirus encoding scrambled
RNA, PICK1 shRNA, or PICK1 was prepared by Gene-
Pharma (Shanghai, China) using entire gene sequence of
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rat PICK1 (GenBank ID: AF542094.1), and each RNA was
tagged with GFP. The sequence for PICK1 shRNA was 5'-
GCC TCA CCA TCA AGA AGT ACC-3 [19]. PICK1
shRNA and scrambled shRNA were driven by U6 pro-
moter, whereas overexpressed PICK1 was driven by
elongation factor 1o promoter. pVSV-G plasmid driven by
the CMV promoter expressed envelope glycoprotein of
vesicular stomatitis virus and thus replaced the lentiviral
env gene. All virus-packed plasmids were transduced into
cultures at 20 multiplicities 2 days before experiments.
Only when >90 % of cultured cells were transfected,
which was confirmed by GFP fluorescence, experiments
were continued.

Surface Biotinylation

Cultured cells were rinsed with cold phosphate-buffered
saline (PBS) containing 1 mM MgCl, and 0.5 mM CaCl,,
and incubated in 1 mg/ml sulfo-NHS-LC-biotin (Thermo)
for 30 min at 4 °C. Cells were quenched with 100 mM
glycine for 15 min at 4 °C, lysed in ice-cold RIPA buffer
(50 mM Tris-HCl, 0.1 % SDS, 0.5 % sodium deoxy-
cholate, 1 % Triton-X-100), and centrifuged for 20 min at
4 °C. The BCA assay (Thermo) was used to measure the
concentration of proteins in the supernatant, which was
next incubated with NeutrAvidin beads (Thermo) for 2 h at
4 °C. Biotinylated proteins were extracted using 2 x SDS
sample buffer supplemented with dithiothreitol (50 mM)
for 30 min at 50 °C prior to Western blotting.

Co-Immunoprecipitation (Co-IP)

Co-IP experiments were performed according to previous
work [20]. In brief, protein concentration was measured
using the BCA assay after centrifugation at 16,000g at 4 °C
for 10 min. Supernatant (15 pg) was used for input and the
remainder was for IP. Pre-cleared solubilized preparations
were incubated with anti-PICK1 antibody, which was pre-
coupled to protein A-Sepharose beads (GE Healthcare,
Waukesha, WI) at 2-4 ng antibody/1 ml beads for 2 h in
50 mM Tris—HCI. Proteins on the beads were extracted
with 2 x SDS sample buffer and boiled for 5 min before
Western blotting.

Western Blotting

Western blotting was performed as reported previously
[20]. In brief, equal amounts of proteins were loaded and
fractionated on 10 % sodium dodecyl sulfate—polyacry-
lamide gels and transferred to PVDF membrane (Millipore,
Billerica, MA), immunoblotted with antibodies, and visu-
alized by enhanced chemiluminescence (Pierce Biotech-
nology, Rockford, IL). The primary antibody dilutions used

were P2Y¢R (1:500), P2Y,R (1:500), PICK1 (1:2000),
flotillin-1 (1:10,000), GAPDH (1:10,000), and secondary
antibodies (1:10,000). Film signals were digitally scanned
and quantitated using ImageJ 1.42q (NIH, Bethesda, MD).

Immunocytochemistry

Immunofluorescent staining was performed as described
previously [21]. For intracellular staining, cells were fixed
48 h after transfection by 4 % paraformaldehyde and 4 %
sucrose in PBS for 15 min, and then permeabilized by
0.2 % Triton X-100 in PBS for 15 min. After blocking with
10 % Bovine Serum Albumin (BSA) for 1 h, transfected
BV2 and microglia were incubated with anti-Ibal antibody
(1:500) overnight and another 1-hr incubation with Alexa
Fluor 350-conjugated secondary antibody (1:800). For
surface staining, transfected BV2 cells were fixed in 4 %
paraformaldehyde for 5 min and blocked with BSA for
10 min. These cells were next incubated in anti-Flag
antibody (1:500) for 15 min, rinsed for three times with
PBS, and incubated with Alexa Fluor 543-conjugated
secondary antibody (1:800). To examine F-actin aggrega-
tion, Alexa Fluor 594-conjugated phalloidin was added to
microglia cultures and BV2 cells. Cells were imaged on a
confocal microscope (Olympus, Tokyo, Japan). All
parameters used in confocal microscopy were consistent in
each experiment, including laser excitation power, detec-
tor, and off-set gains. The thickness of the optical slice
(pinhole) was adjusted to 0.7 um and z-stacks were
acquired at 50 % overlap to detect surface expression of
N-terminal Flag-tagged P2YgR, according to previous
work [22]. Image J software (NIH, Bethesda, MD) was
used to analyze cell images. Imaging data analysts were
blind to the experimental conditions until the data were
integrated.

Phagocytosis Assay

The experiment of phagocytosis assay was performed
according to previous work [23]. BV2 or microglia cells
were incubated with fluorescent Zymosan A (5 pg/ml) for
30 min at 37 °C in a humidified incubator with 5 % CO,,
and then washed with normal medium for several times to
remove excess beads. The number of beads per cell was
measured for statistics using a confocal microscope
(Olympus). At least 20 cells were added to data pool for
each experimental condition.

Electrophysiology
Electrophysiological recordings was performed according

to previous work [20, 24]. Cells were placed in a perfusion
chamber with continuous gravity flow (2 ml/min) of
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Ringer’s containing (in mM) 125 NaCl, 2.5 KCl, 1.25
NaH,PO,, 1 MgCl,, 2 CaCl,, 26 NaHCO; and 25 p-glu-
cose (pH7.4). Recording electrodes (3—5 MQ) for whole-
cell patch clamp contained (in mM) 135 CsMS, 10 CsCl,
10 HEPES, 0.2 EGTA, 4 Na,ATP, and 0.4 Na;GTP (pH
7.3, OSM 300). The final concentration of UDP was
100 puM in the work solution. Cells were voltage-clamped
at —70 mV using a 700A amplifier (Molecular Devices,
Foster City, CA). The analog signals were sampled at
10 kHz and low-pass filtered at 2 kHz using pClamp 9.0
(Molecular Devices). To measure P2Y¢R currents, a rapid
solution changer (RSC-160, Biological Science Instru-
ments, Claix, France) was used to apply drug solutions to
recorded cells. The protocol of drug application was con-
trolled by the analog output from the pClamp program.

Ca®* Imaging

[Ca®™]; was determined using Ca*"-sensitive dye X-rhod-
1-AM according to previous work [25]. BV2 cells were
incubated with ~membrane-permeable X-rhod-1-AM
(5 uM) for 30 min at RT in the dark, and were then
transferred to a recording chamber. Ca®" transients were
elicited by local application of UDP (100 pM) and recor-
ded using a confocal microscope (Olympus) with the
excitation wavelength of 580 nm and the emission wave-
length of 645 nm. X-rhod-1 images were sampled in
frame-scan mode at a frame rate of 0.1 Hz. For analysis, a
region of interest (ROI) that applied to all frames in a series
of images was determined by threshold foreground pixels,
and these foreground pixels were spatially averaged to
calculate F for each frame. First three frames in each
experiment were averaged and used as Fy. Levels of
[Ca2+]i were expressed as F/F ratios.

Statistical Analysis

Data analysis was performed using Excel 2003 (Microsoft,
Seattle, WA), Igor Pro 6.0 (Wavemetrics, Lake Oswego,
OR), and SPSS 16.0 statistical program (Chicago, IL).
Statistical difference was determined using unpaired two-
sided Student’s ¢ test. The accepted level of significance
was p < 0.05. “n” represents the number of cells or cul-
tures tested. Data in the text and figures are presented as
mean + SEM.

Results

The expression of endogenous PICK1 and P2Y¢R were
examined in BV2 microglia. As shown by the immuno-
chemical staining obtained from confocal microscopy
(Fig. 1a), both PICK1 and P2Y4R were robustly expressed
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Fig. 1 PICKI interacts with P2Y¢R. a Representative pictures show
the staining of endogenous PICK1 and P2Y¢R in BV2 cells. Scale
bar: 10 um. Note that expression patterns were highly consistent
between PICK1 and P2Y4R. b Pre-cleared lysates from mouse cortex
were immunoprecipitated with anti-PICK1 antibody. The immuno-
precipitates were probed with antibodies to P2Y4R, PICK1, P2Y,R,
and GAPDH. n = 4. ¢ The immunoprecipitation in pre-cleared
lysates from cultured microglial cells using anti-PICK1 antibody. The
immunoprecipitates were probed with antibodies to P2Y¢R, PICK1,
P2Y,R, and GAPDH. Mouse IgG was negative control. n = 4

in BV2 cells and displayed a diffuse pattern in the cytosol
but not nucleus. Moreover, the distribution pattern of
PICK1 was very similar to that of P2Y¢R (Fig. la),
implying that that PICK1 might interact with P2Y¢R. To
investigate the potential interaction between them, Co-IP
assay was performed. First, lysates from mouse cortex were
immunoprecipitated with PICK1 antibody. We found that
endogenous P2Y¢R, but not P2Y4R, was pulled down by
PICK1 when PICK1 was immunoprecipitated (Fig. 1b).
Second, Co-IP assay was performed in the primary
microglial culture. Likewise, anti-PICK1 antibody pulled
down P2YR but not P2Y4R (Fig. 1c). PICK1 did not pull
down IgG, showing the specificity of Co-IP experiments
(Fig. 1c). Together, these results suggest that PICK1 may
associate with P2Y4R.

We next investigated whether PICK1 affects the
expression of P2YgR. Microglial cells from wild-type and
PICK1-knockout mice were cultured. Surface biotinylation
and Western blotting were used to detect total and surface
expressions of P2Y¢R in primary microglia. Our results
showed that total expression of P2YgR was not changed in
PICK1-knockout microglia (Fig. 2a). However, the amount
of P2Y4R on the cell surface was decreased significantly in
PICK1-knockout microglia (Fig. 2a), suggesting that
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Fig. 2 PICKI1 affects surface expression of P2YcR. a P2YR in the
membrane fraction decreased in PICK1-knockout mice (KO) com-
pared to wild-type mice (WT). GAPDH and flotillin were used as
loading controls for total and membrane fractions, respectively.
Percentage changes of P2YgR expression were 96 &+ 6 % (total) and
76 £ 6 % (surface) (n = 4 pairs). b BV2 cells were transfected for
48 h with N-terminal Flag-tagged P2Y¢R together with lentiviral

PICK1-knockout attenuates P2YcR on the surface of
microglia. To further confirm this result, BV2 cells were
transfected with plasmid encoding N-terminal Flag-tagged
P2Y¢R, meanwhile they were also transduced with len-
tivirial GFP-tagged scrambled RNA, GFP-PICK1-shRNA,
or GFP-PICKI. As shown in Fig. S1, PICK1-shRNA
knockdown effectively suppressed the expression of
PICKI1 in BV2 cells, consistent with previous work (17,
19). Surface expression of P2YcR was examined 2 days
after the transfection using the antibody against Flag. Our
results showed that the intensity of Flag was much reduced
in PICK1-shRNA group, but was significantly increased in
PICK1 group (Fig. 2b). Meanwhile, the fluorescent inten-
sity of tagged-GFP with viral transfection appeared same
among three groups (Fig. 2b). These results confirm that
surface expression of P2Y¢R is modulated by PICK1.

We next investigated whether PICK1 influences the
function of P2Y¢R. BV2 cells were transduced with control
lentivirus, PICK1-shRNA, or PICK1, and whole-cell
P2YgR currents was evoked by UDP, which was the
specific agonist for P2Y¢R [26]. As shown in Fig. 3a, the
peak of P2Y¢ currents was significantly increased by
PICK1 overexpression. On contrary, P2Y¢R current was
significantly suppressed by PICKI1-knockdown compared
to either NC or PICK1 group (Fig. 3a). Since activation of
P2Y¢R leads to an increase in intracellular Ca’", we next
investigated whether PICK1 influences P2Y¢R-mediated
[Ca®");. Three different groups of BV2 cells were incu-
bated with a membrane-permeable Ca’t indicator, X-rhod-

w

shRNA

P2YsR

GFP

GFP-tagged scramble RNA (NC), GFP-tagged PICKI1-shRNA
(shRNA), or GFP-tagged PICKI1 (PICKI1). After fixation and
immunostaining with anti-Flag antibody, fluorescent fusion proteins
were visualized under the corresponding channels. Note that surface
P2Y¢R was increased as white arrows indicate. Scale bars: 20 pm.
*p < 0.05

1-AM (5 uM). Confocal imaging showed that UDP
induced an increase in Ca®>" fluorescence in NC group
(Fig. 3b). When BV2 cells were transfected with PICK1-
shRNA, UDP application did not induce an obvious
increase of [Ca2+]i (Fig. 3c). When BV2 cells were
transfected with PICK1, UDP application induced a
remarkable increase of [Ca2+]i (Fig. 3c). Taken together,
these results indicate that PICK1 is essential to P2Y4R-
mediated currents and Ca”" transient.

It has been shown that the activation of P2Y¢R is suf-
ficient to affect cytoskeletal arrangement and formation of
“phagocytic cup” in microglial cells [27]. Given the sig-
nificance of PICKI1 on the activation of P2Y¢R, we
examined if PICK1 is able to affect cytoskeletal arrange-
ment in BV2 cells and microglia. BV2 cells were trans-
duced with control lentivirus or lentiviral plasmid encoding
PICK1 and then subjected to UDP stimulation. The pattern
of F-actin was indicated by phalloidin staining and the
efficiency of transfection was shown by GFP. In control,
UDP stimulation (3 min) caused relatively little actin
polymerization, shown as concentrated phalloidin staining
in the peripheral part of plasma membrane (Fig. 4a). In the
condition of PICK1 overexpression, the number of actin
aggregation induced by UDP stimulation was markedly
increased (Fig. 4b). Similar experiments were conducted in
cultured microglia. Likewise, UDP stimulation (3 min)
caused less actin polymerization in control microglia
(Fig. 4c), whereas the number of actin aggregation was
significantly increased in the condition of PICKI
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overexpression (Fig. 4d). Taken together, these data indi-
cate that PICKI1 is sufficient to facilitate UDP-induced
actin aggregation and ruffle formation.

Finally, we investigated whether PICK1 is sufficient to
affect phagocytic capacity of BV2 cells and primary
microglia. First, BV2 cells were transduced with control
lentivirus, PICK1-shRNA, or PICK1, and then presented
with fluorescent Zymosan-A microbeads and UDP
(100 uM) for 30 min [23]. There was no difference in the
number of microbeads among three groups before UDP
treatment (Fig. S2). However, PICK1-shRNA significantly
reduced phagocytic capacity of BV2 cells (shRNA:
1.2 & 0.5 beads/cell; n = 20 cells) compared to control
(NC: 3.0 & 0.5 beads/cell; n = 21 cells), whereas PICK1
remarkably increased phagocytic capacity of BV2 cells
(PICK1: 5.0 & 1.1 beads/cell; n =21 cells) (Fig. 5a).
Second, primary microglia culture from WT and PICK1-
knockout mice were presented with fluorescent Zymosan-A
microbeads and UDP (100 uM) for 30 min to assay
phagocytic capacity [23]. In consistent with BV2 cells, the
number of beads in PICK1-knockout microglial cells was

UDP

ShRNA '

A UDP

160

NC

140

120

shRNA

801

Fig. 4 PICKI affects the aggregation of F-actin. a UDP induced»
local actin polymerization. BV2 cells were transfected with GFP-
tagged control plasmid (GFP) and stimulated without (Pre) or with
100 uM UDP for 3 min. Cells were stained with phalloidin (red).
Note that latrunculin A (Lat A) blocked UDP-induced polymeriza-
tion. White arrows show the aggregation of F-actin on the periphery
of BV2 cells. Scale bars: 20 pm. b BV2 cells were transfected with
lentiviral GFP-tagged plasmid encoding PICK1 (PICK1-GFP) and
stimulated without (Pre) or with UDP (100 uM) for 3 min. UDP
induced more F-actin aggregation shown by white arrows. Scale bars:
20 pm. ¢ Primary microglial cultures were transfected with GFP-
tagged control plasmid (GFP), and stimulated without (Pre) or with
UDP (100 uM) for 3 min. Microglia were stained with Ibal (blue)
and phalloidin (red), showing aggregated F-actin (white arrows).
Scale bars: 20 pm. d Microglia were transfected with lentiviral GFP-
tagged plasmid encoding PICK1, and stimulated without (Pre) or with
UDP (100 uM) for 3 min. More aggregations of F-actin (white
arrows) were found in this condition. Scale bars: 20 pm (Color
figure online)

significantly decreased compared to WT (WT: 7.7 & 2.6
beads/cell, n = 20 cells; knockout: 2.1 & 1.1 beads/cell,
n = 20 cells) (Fig. 5b). Thus, these results indicate that
PICK1 facilitates microglial phagocytic activity.

uDP N

1209 —F—*

PICK1 100
80
20 pA 60
100s 40
20
N

0 Il
N

Peak (pA

% change of fluorescent intensity ©

PICKA1

Fig. 3 PICKI1 affects P2Y¢R-mediated currents and Ca®* transient.
a UDP (100 uM) application induced P2Y¢R-mediated currents in
BV2 cells, which were treated with control lentivirus (NC), PICK1-
shRNA (shRNA), or overexpressing PICK1 (PICK1). PICKI
enhanced while PICK1-shRNA attenuated UDP-induced currents in
BV2 cells. Averaged amplitudes of peak current were 62 £ 5 pA
(NC), 16 + 3 pA (shRNA), and 98 + 6 pA (PICK1). b [Ca®");
responses in BV2 cells treated with control lentivirus (NC), PICK1-
shRNA (shRNA), or overexpressing PICK1 (PICK1). [Ca”]i was
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monitored every 10 s and UDP (100 pM) was introduced after 30-s
baseline. The same microscopic fields were shown before (0 s) and
after (130 s, 340 s) UDP stimulation. Yellow outlines indicate ROI
where foreground X-rhod-1 fluorescence was measured. Scale bar:
20 pm. ¢ Time-course of X-rhod-1 fluorescence (¥/Fy). The percent
changes of intensity of X-rhod-1 fluorescence (F/F,) at t = 130 s
were 110 £ 1 % (NC; n=6), 101 &+ 2 % (shRNA; n = 5), and
141 £ 4 % (PICKI; n = 5). * p < 0.05 (Color figure online)
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sh-RNA

PICK1

Beads/ cell

Fig. 5 PICKI1 affects phagocytic capacity. a BV2 cells were
transduced with GFP-tagged control lentivirus (NC), PICK1-shRNA
(shRNA), or PICK1, and then presented with Zymosan-A microbeads
and UDP (100 uM). Scale bars: 20 um. Data are pooled from 3

Discussion

In the present work, we showed that PICK1 was associated
with P2Y¢R in BV2 cells and cultured microglia. PICK1
might engage in the trafficking of P2Y¢R, which was
suggested that its surface expression (but not total), its-
mediated current, and its-mediated Ca®* transient were all
regulated by PICK1. Importantly, PICK1 was sufficient to
enhance actin polymerization to shape filopodia-like pro-
trusions and phagocytosis. In summary, these results indi-
cated that PICK1 may have essential roles in microglial
phagocytosis through modulating P2Y¢R.

Microglia are quite sensitive to brain damage. They are
immediately activated in response to brain injury and
migrate to the sites of injured cells or their debris [2].
These phenotypes show that microglial phagocytosis is
critical to the reconstruction after brain damage and is
thereby beneficial to the brain [2]. However, functions of
microglia are yet under controversial because over-acti-
vated microglia also cause cell loss [2]. It has been shown
that P2Y¢R plays important roles in microglial phagocy-
tosis. For example, UDP released from damaged cells acts
as an “eat-us” signal and triggers the phagocytosis through
P2Y R [6]. Moreover, P2Y¢R is activated and its level on
the membrane is elevated during the phagocytosis [13, 14].
Despite these findings, it remains unsolved how P2Y¢R and
its activity are regulated during the phagocytosis. In the
present work, we added an important signaling to the
underlying mechanism for microglial phagocytosis by
demonstrating that PICK1, a peripheral protein, affects the
targeting of P2Y¢R to cell surface. Critical evidence for our
conclusion includes: (1) Surface expression of P2Y¢R was
significantly increased in BV2 cells when PICK1 was co-
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independent experiments. b Primary microglia derived from wild-
type (WT) and PICKI-knockout (KO) mice were presented with
Zymosan-A microbeads and UDP (100 pM). Scale bars: 10 pm. Data
are pooled from 3 independent experiments. *p < 0.05. **p < 0.01

expressed; (2) Number of actin aggregation induced by
UDP was markedly increased with PICK1 over-expression
in BV2 cells and primary micorglia; (3) Phagocytic
capacity of BV2 cells and primary microglia was increased
when PICK1 was over-expressed but was decreased by
PICK1-knockdown or PICK1-knockout.

Although our evidence suggests that PICK1 may affect
the trafficking of P2Y¢R in microglia, how PICKI1
increases surface expression of P2Y¢R is not solved in the
present work. Through PDZ domain and BAR domain,
PICK1 interacts with receptors, transporters, and enzymes,
and thereby participates in many aspects of brain function
[12, 13, 28]. We recently show that PICK1 modulates
membrane expression of excitatory amino acid transporter
3 (EAATS3) through Rabl1-positive recycling endosomes
[17]. In addition, PICK1 is shown to help the transport of
insulin-containing mature secretory granules to the mem-
brane and facilitate insulin secretion [29]. Thus, it is con-
ceivable that PICK1 is involved in the formation of
different trafficking vesicles, which provides a potential
mechanism to enriched membrane P2Y4R.

Conclusion

PICK1 interacts with P2Y6R in microglia. It thereby reg-
ulates the surface expression of P2Y4R and its-mediated
currents. Moreover, PICK1 modulates the aggregation of
F-actin and phagocytosis in BV2 cells and primary
microglia.
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