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Exogenous phosphatidylglucoside alleviates cognitive
impairment by improvement of neuroinflammation, and

neurotrophin signaling

Dear Editor,

Alzheimer’s disease (AD) is a commonly progressive
disorder of neurodegenerative disease.! Until now, no
approach to treat the pathological progression of AD has
been proven to be effective.! Our data favored that the
treatment of phosphatidylglucoside (PtdGlIc), a novel glu-
cosylated lipid enriched in the brain, protects against A
and tau pathology, cognition deficits in APP/PS1 mice, and
alleviates neuroinflammation through activation of PPARy
and restoration of the neurotrophin signaling. Our findings
offers new perspectives for PtdGlc in the management of
AD.

To date, the knowledge on the biology function of PtdGlc
is limited and the impact of PtdGlc on the course of AD has
never been studied. Based on the previous studies, PtdGlc
appears to play an important role for brain development.>
Initially, we hypothesized that PtdGlc can aggravated the
development of AD, due to the negative effect of lysoPt-
dGlc (hydrolytic derivative of PtdGlc) mediated nocicep-
tive afferent axons in the central nervous system.® And
interestingly enough, our results strongly suggest that
PtdGlc supplementation could be considered as a thera-
peutic strategy for AD. All of these results are likely to have
important implications in the prevention and treatment
with PtdGlc on AD, and there are no such data for its mech-
anism presently.

To demonstrate the role of PtdGlc on cognitive
impairment, we synthesized PtdGlc and its analogues
(phosphatidylfructoside [PtdFru], phosphatidylgalac-
toside [PtdGal], and phosphatidylriboside [PtdRib])
from soybean phosphatidylcholine by a phospholipase
D (PLD)-mediated transphosphatidylation (Figure SI).
In this study, 1-phosphatidyl-B-D-glucose (1-PtdGlc)
comprised C16:0 and C18:1 was used (Figures S2 and
S3). To examine whether the PtdGlc reached to brain,
the mice was injected with stable isotope-labeled PtdGlc
(13C6-D-PtdGlc) via the tail vein. Of note, isotope-labeled

PtdGlc was observed in the brain of *C6-PtdGlc treated
mice, which demonstrated that PtdGlc could reach to
brain (Figure S4).

The effect of PtdGlc and its analogues on cognitive func-
tion was evaluated first. The 20-week age male wild-type
and APPswe/PS1dE9 (APP/PS1) mice were randomly allo-
cated to six groups: WT, APP/PS1; APP/PSI1 supplemented
with 0.1% PtdGlc, PtdFru, PtdGal, or PtdRib (Table S1).
After 16 weeks of daily treatment, behavioral tests were car-
ried out. Compared to APP/PS1 mice, PtdGlc, PtdGal, and
PtdRib treatment decreased escape latency progressively
from day 1 to 5, increased platform area crossings numbers
and the percentage of time in the target quadrant at day 5
(Figures 1A-C), but not swimming speed (Figure 1D). Only
the mice receiving PtdGlc diet manifested a significant
increase of the entries numbers (Figure 1E), and showed
preference for a spatial strategy (Figures 1F, G). Consistent
with the result of Morris water maze test, PtdGlc treatment
showed improved reference and working memory acqui-
sition compared to controls, suggesting improved spatial
memory formation (Figures S5A, B). Studies have shown
both of A plaques and tau tangles pathology are key
features of AD.” Immunohistochemistry and immunoflu-
orescence staining of Af indicated that PtdGlc treatment
reduced the Ap-positive plaques in the cortex and
hippocampus compared to those of untreated mice (Fig-
ures 1H, I). Elisa analysis data further confirmed this result
(Figures S6A, D). We found that PtdGlc reduced BACE1
and Nicastrin levels in the hippocampus of AD mice (Fig-
ures S6B, C), which suggested that PtdGlc inhibits APP
cleavage. Comparing to AD mice, PtdGlc treatment allevi-
ated the expression of total Tau and phosphorylation of tau
in hippocampus, but not the levels of p-GSK3g (Figures 2E,
F). As shown in Figure S7, we found that neurofibrillary
tangles appeared obviously in AD mice, but not in the
mice with the treatment of PtdGlc, PtdRib, or PtdGal, as
judged by a Bielschowsky silver staining. Histopatholog-
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PtdGlc supplementation ameliorated memory deficits, reduced A and Tau pathology. (A) Escape latency to the platform dur-

ing the training trails in a Morris water maze and representative track images of mice (n = 5 mice/group). (B) Time spent in target quadrant
in the MWM test at day 5. (C) Times crossing the target sites after retrieval of the platform at day 5. (D) Entries in target quadrant. (E) Average
speed to find the platform. (F) Assessment of search strategy (spatial, nonspatial, repetitive) in the acquisition phase of the water maze test.
(G) The percentage of time engaged in spatial search strategies during the 60-second trial was calculated, with search strategies combined into
3 groups based on functional similarity (Spatial Direct, Spatial Indirect, and Focal Correct strategies). (H, I) Photomicrographs of AS plaques
within the hippocampus of APP/PS1 and PtdGlc-fed mice (n = 6 mice/group). Scale bar, 200 um. (J) IHC of tau. Scale bar, 200 um. Statistical
significance was determined by Student’s ¢ test, *P < .05, **P < .01 vs APP/PSI mice; #P < .05, ##P < .01 vs WT mice
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FIGURE 2 PtdGlc supplementation ameliorates neuroinflammation and reduce Af levels through PPARy. (A) Photomicrographs depict-
ing the hippocampus and cortex from APP/PS1 mice (n = 6 mice/group) stained for GFAP. Scale bar, 200 um (Top) and 50 um (bottom).
(B) Photomicrographs depicting the hippocampus from APP/PS1 mice (n = 6 mice/group) stained for Ibal. Scale bar, 200 um. (C, D) Represen-
tative western blot indicating the expression of GFAP in the hippocampus of APP/PS1 mice (n = 6 mice/group). (E, F) Representative western
blot indicating the expression of neuroinflammation markers in the hippocampus of APP/PS1 mice (n = 6 mice/group). (G) Photomicrographs
depicting the hippocampus from APP/PS1 mice (n = 6 mice/group) stained for CD68. Scale bar, 200 um. (H) NIH3T3 cells were transfected with
PPARy expression vector and a luciferase reporter and treated with PtdGlc and its analogues (n = 3). (I) Representative western blot indicating
the expression of PPARy, AB, and IL1S in SH-SY5Y sppsos/s06 Cells treated with PtdGlc and its analogues (n = 5). (J, K) Levels of A§ and TNF«
was examined by Elisa in the all groups (Vehicle, GW9662, PtdGlc+GW9662 and PtdGlc-treated groups), n = 5/group. Statistical significance
was determined by Student’s ¢ test, *P < .05, **P < .01 as indicated
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FIGURE 3 PtdGlc supplementation restores neurotrophin signaling and ameliorates neurodegeneration and neuronal death in APP/PS1
mice. (A) Photomicrographs depicting the hippocampus from APP/PS1 mice (n = 6 mice/group) stained for MAP-2 (Red) and NeuN (Green).
Scale bar, 50 um. (B) Golgi staining was conducted on brain sections from CA1 region. Scale bar, 50 um. (C) Dendritic spine and (D) its density
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ical analysis (Figure 1J) confirmed a marked decrease in
Tau protein expression of the hippocampus in PtdGlc-fed
mice as well as the mice treated with PtdFru, PtdGal, and
PtdRib.

Next, the effect of PtdGlc on neuroinflammation was
investigated. As indicated by staining for the activated
astrocytes marker, GFAP, and activated microglia marker,
Ibal, PtdGlc treatment reduced reactive astrocytes and
microglia compared with APP/PSI mice (Figures 2A, B).
Supporting the above data, GFAP protein expression level
was significantly decreased by PtdGlc (Figures 2C, D).
Activated microglia cells and astrocytes can trigger inflam-
matory processes and regulate neuroinflammation in the
brain.® ASC and Caspase 1 levels were reduced by PtdGlc
treatment in APP/PS1 mice, while NLRP3 expression was
unchanged. Regarding the expression of TNFa and IL-15
and the number of CD68-immunopositive cells, there was
a significant decrease in PtdGlc and other phosphatidyl
saccharides except PtdFru, compared to the APP/PS1 mice
(Figures 2E-G). Based on a PPARy-dependent reporter
assay, all phosphatidyl saccharides showed PPARy agonist
activity, with PtdGlc being the most potent and efficacious
(Figure 2H). In a SH-SY5Y A ppsos/s06 Cell line that expresses
APP gene with 595/596 mutation, PtdGlc promoted
protein expression of PPARy remarkably. In contrast to
PPARy activation, A protein expression was significantly
decreased by PtdGlc (Figure 2I). Furthermore, treatment
with PtdGlc, PtdRib, and PtdGal reduced IL13 protein
expression and TNF« levels (Figures 2J, K). Next, Elisa
analysis was performed to explore the effects of PtdGlc
on AS levels in SH-SY5Y 5ppsos/s096 Cells and test whether
the PPARy antagonist block the beneficial effect of PtdGlc
on inflammatory cytokines and AS production. AS1-40
and ApP1-42 levels after PtdGlc treatment were lower
than those in the untreated group. Of note, the effect on
AB1-40 and Ap1-42 was antagonized by GW9662 (PPARy
antagonist). Moreover, consistent with this result, pre-
treatment of cells with PtdGlc markedly attenuated the
secretion of TNFa, whereas GW9662 almost abolishes this
effect. These findings demonstrate that PPARy is involved
in the anti-neuroinflammatory and anti-Af effects of
PtdGlc.

Although we now know PtdGlc appears to attenuate
cognitive deficits, the growth of knowledge about the

role of PtdGlc in the specific role of neuron functions
is still limited. We found PtdGlc treatment increased
immunoreactivity to neuronal marker NeuN and MAP-2
(Figure 3A). Golgi staining results (Figure 3B) showed
that PtdGlc-treated mice showed the increase in dendritic
branches and spine density (Figures 3C, D). To find out
whether neurotrophins signaling were altered with or
without PtdGlc treatment, we tested the neurotrophic
factors levels and protein expressions of their receptors.
Phosphorylated TrkA were markedly activated after the
treatment with PtdGlc, while p75NTR, another NGF recep-
tor, were inhibited by PtdGlc and PtdFru supplementation
(Figures 3E, F). In addition, supplementation of PtdGlc
increased the expression of NGF as assessed by IHC
staining compared with AD mice (Figure 3H). Of note,
significant increases in BDNF and phospho-TrkB levels,
but not TrkB, in the hippocampus of PtdGlc-fed mice
(Figures 3E-G). The above results indicated that PtdGlc
rescued NGF/TrkA signaling deficits as well as BDNF-
TrkB signaling, and inhibit the activation of p75NTR
signaling. Compared with APP/PS1 mice (Figure 3I), the
fractional areas stained for NeuN (Neuronal nuclei)- and
Casp3 (caspase 3)-positive axons were increased in PtdGlc-,
PtdRib-, and PtdGal- treated groups. Consistent with these
results, the expression of Bcl2 were all increased after
PtdGlc treatment and caspase 3 and caspase 9 levels of
were reduced after PtdGlc treatment, and the number
of TUNEL positive cells was reduced after PtdGlc (Fig-
ures 3J-L) compared with the mice in APP/PS1 group, indi-
cating that the PtdGlc suppressed the neuronal apoptosis
in AD.

In conclusion, current findings indicate that a dietary
PtdGlc attenuate cognitive deficits. PtdGlc treatment
reduced AS production and hippocampal neuroinflamma-
tion, which is likely through the activation of the PPARy.
Remarkably, we also found PtdGlc benefits on reducing
neurogeneration and attenuating synaptic plasticity, main-
taining neurotrophin signaling. Overall, the intervention
of PtdGlc may provide a potential therapeutic agent or an
approach to counter Alzheimer’s Disease.
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Additional supporting information may be found online
in the Supporting Information section at the end of the
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