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Hepatic PLINS signals via SIRT1 to promote autophagy
and prevent inflammation during fasting®
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Abstract Lipid droplets (LDs) are energy-storage organelles
that are coated with hundreds of proteins, including mem-
bers of the perilipin (PLIN) family. PLIN5 is highly expressed
in oxidative tissues, including the liver, and is thought to play
a key role in uncoupling LD accumulation from lipotoxicity;
however, the mechanisms behind this action are incom-
pletely defined. We investigated the role of hepatic PLIN5 in
inflammation and lipotoxicity in a murine model under both
fasting and refeeding conditions and in hepatocyte cultures.
PLIN5 ablation with antisense oligonucleotides triggered a
pro-inflammatory response in livers from mice only under
fasting conditions. Similarly, PLIN5 mitigated lipopolysac-
charide- or palmitic acid-induced inflammatory responses in
hepatocytes. During fasting, PLIN5 was also required for the
induction of autophagy, which contributed to its anti-inflam-
matory effects. The ability of PLIN5 to promote autophagy
and prevent inflammation were dependent upon signaling
through sirtuin 1 (SIRT1), which is known to be activated in
response to nuclear PLIN5 under fasting conditions.HE
Taken together, these data show that PLIN5 signals via
SIRT1 to promote autophagy and prevent FA-induced in-
flammation as a means to maintain hepatocyte homeostasis
during periods of fasting and FA mobilization.—Zhang, E.,
W. Cui, M. Lopresti, M. T. Mashek, C. P. Najt, H. Hu, and D.
G. Mashek. Hepatic PLIN5 signals via SIRT1 to promote au-
tophagy and prevent inflammation during fasting. J. Lipid
Res. 2020. 61: 338-350.
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Intracellular lipid droplets (LDs) are energy-storage or-
ganelles composed of a core of neutral lipids surrounded
by a phospholipid monolayer embedded with hundreds of
proteins. LD accumulation in non-adipose tissue is tightly
linked to numerous metabolic diseases, including type 2
diabetes (1), and is the defining characteristic of nonalco-
holic fatty liver disease (NAFLD) (2). While LDs themselves
are often considered inert, a growing body of literature
shows that dysregulation of lipid metabolic pathways lead-
ing to the accumulation of intermediates in triacylglycerol
(TAG) metabolism can trigger lipotoxicity and impair cel-
lular homeostasis. In addition, the presence of specific pro-
teins on the surface of LDs can couple/uncouple LD
accumulation and cellular dysfunction. Perilipins (PLINs)
are a family of constitutive LD proteins comprised of five
members. PLINZ2 is the most abundant isoform in the liver,
and its expression is tightly correlated with LD abundance
and NAFLD (3). Ablation of PLIN2 reduces hepatic LD
accumulation and prevents NAFLD and related complica-
tions, suggesting a role for PLIN2 in linking LDs to cellular
dysfunction (4, 5). In contrast, the presence of PLINS on
LDs can uncouple LD accumulation from metabolic dys-
regulation. PLINS overexpression in liver, muscle, or heart
promotes LD accumulation but prevents insulin resistance
(6, 7); whereas, liver-specific ablation of PLIN5 causes insu-
lin resistance despite reduced LD accumulation (8). Both
PLIN2 and PLIN5 affect LD metabolism, at least in part,
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IL, interleukin; IPA, Ingenuity Pathways Analysis; LD, lipid droplet; LPS,
lipopolysaccharide; NAFLD, nonalcoholic fatty liver disease; PA, pal-
mitic acid; PLIN, perilipin; SIRT1, sirtuin 1; TAG, triacylglycerol.
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through their inhibition of cytosolic lipases (9), which may
explain why ablation of either PLIN2 or PLIN5 lowers he-
patic LD accumulation. However, PLIND also serves a criti-
cal role in signaling through sirtuin 1 (SIRT1), a protein
deacylase that influences a myriad of cellular functions.
Specifically, following PKA-mediated phosphorylation,
PLINS translocates to the nucleus where it interacts with
and promotes the activity of SIRT1 and the transcriptional
complex of PGCI-a/PPAR-a to increase the expression of
downstream target genes governing mitochondrial biogen-
esis and oxidative metabolism (10). This increase in mito-
chondrial number and function may be a key factor in
uncoupling LD accumulation from insulin resistance and
cellular dysfunction.

Hepatic inflammation is associated with the majority of
acute and chronic liver diseases. Lipid accumulation in re-
sponse to high fat feeding leads to subacute hepatic inflam-
mation via NF-«kB activation with increased downstream
cytokines such as TNF-a, interleukin (IL)-6, and IL-18
(11). Itis recognized that high levels of FAs, especially satu-
rated FAs such as palmitate, induce lipotoxicity and meta-
bolic dysfunction and are major contributors to hepatic
inflammation (12). The increased inflammatory signaling
is both a hallmark and driver of more advanced liver dis-
eases, including nonalcoholic steatohepatitis.

Autophagy is a catabolic pathway involving the degrada-
tion of cellular components during nutrient deprivation.
Since the initial discovery that autophagy can modulate LD
catabolism, in a process termed lipophagy (13), a rapidly
growing body of literature has further defined this pathway
and highlighted the importance of autophagy in the devel-
opment of numerous diseases, including NAFLD. It is well-
known that autophagy is suppressed in NAFLD, and
numerous studies utilizing genetic approaches or dietary
phytochemicals to promote autophagy have shown benefi-
cial effects on the prevention or treatment of NAFLD in
animal models (14, 15). Because alterations in LD dynam-
ics, autophagy, and inflammation are key components of
NAFLD, we sought to further investigate the mechanism
through which PLIN5 regulates these factors under nor-
mal feeding conditions. Herein, we report that PLIN5 pro-
motes fasting-induced autophagy and prevents FA-induced
inflammation as a means to uncouple LD accumulation
from metabolic dysfunction.

MATERIALS AND METHODS

Animals and diet

Eight-week-old male C57BL/6N mice were purchased from
Charles River Laboratories and housed under controlled temper-
ature and lighting (20-22°C; 10:14 h light-dark cycle) and with
free access to water. All mice were maintained at the University of
Minnesota Animal Facilities in accordance with the Institutional
Animal Care Guidelines and all experimental procedures were
approved by the Institutional Animal Care and Use Committee at
the University of Minnesota. All mice were fed with the control
purified diet (TD.94045; Harlan Teklad, Madison, WI). Control
and PLINbG antisense oligonucleotides (ASOs; Ionis Pharmaceuti-
cals) were given via intraperitoneal injection twice per week at a

dose of 40 mg/kg. After 3 weeks, all mice were euthanized for
liver tissue and serum collection after overnight fasting or over-
night fasting followed by 4 h refeeding. Where noted, leupeptin
(40 mg/kg) was administered through intraperitoneal injection
4 h prior to euthanization to inhibit autophagy.

Cell culture and treatment

All cells were maintained in a humidified incubator at 37°C,
5% CO,y. AML-12 cells were obtained from the ATCC (Manassas,
VA). Cells were grown in DMEM:F12 (1:1) supplemented with
10% FBS and ITS (10 pg/ml insulin, 5.5 pg/ml transferrin, 5 ng/
ml selenium). Mouse primary hepatocytes were isolated by colla-
genase perfusion method from 10- to 12-week-old male C57BL/6
mice with free access to water and chow diet. Hepatocytes were
plated on collagen-coated multi-well tissue culture plates for 4 h
with M199 plating medium (Invitrogen) that contained 23 mM
HEPES, 26 mM sodium bicarbonate, 10% FBS, 1% penicillin/
streptomycin, 100 nM dexamethasone, 100 nM insulin, and 11 mM
glucose. M199 maintenance medium contained 23 mM HEPES,
26 mM sodium bicarbonate, 1% penicillin/streptomycin, 5.5 mM
glucose, 100 uM carnitine, 10 nM dexamethasone, and 10 nM
insulin. To overexpress PLIN5, primary hepatocytes were trans-
duced with either AAV blank control virus or PLIN5 produced by
Applied Biological Materials Inc. with the backbone plasmid
PAAV-G-CMV-SV40-GFP for 24 h in maintenance medium. Lenti-
virus expressing mCherry or mCherry-PLIN5 was produced by the
Viral Vector and Cloning Core facility at the University of Minne-
sota. The plasmid pLV-EFla-IRES-Puro (a gift from Dr. Tobias
Meyer; Addgene plasmid #85132) was used as the backbone for
the cloning of the mCherry-PLINb construct. Orientation and se-
quence were confirmed for the full ORF with Sanger sequencing.
Then AML-12 cells were infected for 72 h followed by puromycin
selection to generate the PLINS overexpressed cell line.

RNA isolation, RT-PCR, and real-time quantitative PCR
analysis

RNA was extracted with TRIzol from liver tissues followed by
reverse transcription with Super Script III First-Strand Synthesis
Super-Mix (Invitrogen). Gene expression was measured and
quantified using a SYBR Green ER Two-Step quantitative RT-PCR
kit (Invitrogen) and an Applied Biosystems Step One Plus real-
time PCR system. Data were analyzed using the delta-delta CT
method. For all analyses, gene expression was normalized to ribo-
somal protein L32. Melting curve analysis was performed on all
samples to verify primer specificity.

Protein isolation and Western blotting

Samples were lysed with ice-cold RIPA buffer and protein con-
centrations were determined by BCA assay. After electrophoretic
separation, proteins were transferred to a nitrocellulose membrane
and subsequently incubated with primary antibodies (PLIND,
LAMP1, p62, LC3, ATG7) and appropriate secondary antibodies.
The immune-reactive bands were detected using enhanced che-
miluminescence (Fisher/Pierce, Rockford, IL) and recorded with
a Licor image system. Membranes were stained with Ponceau S,
which was quantified by densitometry and used for normalization.
For all studies, representative Western blots are shown and quan-
tification is from n = 3—4.

Hepatic TAG measurement

Liver samples were homogenized in sterile water and extracted
twice with chloroform:methanol (2:1). The chloroform layer was
transferred, dried under nitrogen gas, and resolved in diluted Tri-
ton X-100. Colorimetric assays were used to quantify liver TAG
(Stanbio).
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LD staining

AMI-12 cells were treated with 400 uM palmitic acid (PA) com-
plexed to BSA (133 uM) or BSA alone overnight and then fixed
with PBS containing 4% paraformaldehyde, followed by staining
with LipidTOX™ Green and DAPI for subsequent confocal
imaging.

IHC and histological analysis

Liver tissue was fixed with PBS containing 4% paraformalde-
hyde and embedded in paraffin. The paraffin-embedded tissue
was processed for H&E and CD45 staining. Fresh liver tissue was
needed for Oil Red O staining. Image] (National Institutes of
Health) was used for image quantifications.

Autophagy flux measurement

AML-12 cells were transfected with pMRX-IP-GFP-LC3-RFP-
LC3AG [a gift from Noboru Mizushima (16) ] for 24 h with Lipo-
fectamine 2000 (Invitrogen) according to the manufacturer’s
instructions. After transfection, cells were fixed with 4% parafor-
maldehyde followed by confocal imaging.

NF-kB activity assay

AMIL-12 cells were seeded at 1 x 10° cells per well in 24-well
plates the day before transfection. All transfections were carried
out with Lipofectamine 2000 (Invitrogen) according to the manu-
facturer’s instructions. Cells were transfected with 80 ng of pMir-
Report luciferase expression construct containing the 3" UTR of
murine NF-kB and 20 ng pRL-SV40 Renilla luciferase vector (Pro-
mega E2231). Twenty-four hours after transfection, luciferase
activities were measured using the Dual-Luciferase Reporter Assay
System (Promega) and normalized to Renilla luciferase activity.
All experiments were performed in triplicate.

RNA extraction, library preparation, and next-generation
sequencing

RNA was extracted from snap-frozen liver tissue using the
RNEasy RNA mini kit purchased from Qiagen. A total of 20 RNA
samples (5 replicates from 4 treatment groups) were sent to the
University of Minnesota Genomics Core for quality check, library
preparation, and sequencing. Eukaryotic RNA isolates were quan-
tified using a fluorometric RiboGreen assay. The total RNA integ-
rity was assessed using capillary electrophoresis. Only samples
higher than 1 pg with a RIN of 8 or greater proceeded to sequenc-
ing. Total RNA samples were converted to Illumina sequencing
libraries using Illumina’s Truseq RNA sample preparation Kkit.
One microgram of total RNA was oligo-dT purified using oligo-
dT-coated magnetic beads, fragmented, and then reverse tran-
scribed into cDNA. The cDNA was fragmented, blunt-ended, and
ligated to indexed (barcoded) adaptors and amplified using 15
cycles of PCR. Final library size distribution was validated using
capillary electrophoresies and quantified using fluorimetry (Pico
Green) and via quantitative (q) PCR. Indexed libraries were then
normalized, pooled, and size selected to 320 bp using a Caliper
XT instrument. Truseq libraries were hybridized to a single read
flow cell, and individual fragments were clonally amplified by
bridge amplification on the Illumina cBot. Once complete, the
flow cell was loaded on the Hi-Seq 2500 and sequenced. Upon
completion of read 1, an 8 bp forward and 8 bp reverse (i7 and i5)
index read was performed. Base call files for each cycle of se-
quencing were generated by Illumina Real Time Analysis (RTA)
software. Primary analysis and demultiplexing were performed us-
ing Illumina bcl2fatstq software version 2.17.1.14.

For the RNA sequencing analysis, 50 bp Fast Q) Reads (n = 12
million per sample) were trimmed using Trimmomatic (v 0.33)
enabled with the optional “-q” option; 3 bp sliding-window trim-
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ming from the 3" end requiring minimum Q30. Quality control
checks on raw sequence data for each sample were performed
with Fast QC. Read mapping was performed via Bowtie (v2.2.4.0)
using the UCSC mouse genome (mml0) as reference. Gene
quantification was done via Cuffquant for FPKM values and Fea-
ture Counts for raw read counts. Differentially expressed genes
were identified using the edge R (negative binomial) feature in
CLCGWB (Qiagen) using raw read counts. The generated list was
filtered on the basis of a minimum 2xAbs fold change and Bonfer-
roni corrected P< 0.05. These filtered genes were then imported
to Ingenuity Pathways Analysis (IPA) software (Qiagen) for path-
way identification. Isoforms that exhibited a log2-fold change
greater than 1 and an FDR less than 0.05 were subjected to IPA.
The RNa-Seq dataset is deposited in GEO (GSE140024).

Statistical analysis

Statistical analysis was performed using GraphPad Prism 8.
Data are expressed as mean + SEM. Statistical analyses were per-
formed using Student’s #test or two-way ANOVA where appropri-
ate. P< 0.05 was considered statistically significant.

RESULTS

Hepatic deficiency of PLIN5 reduces LD abundance

To determine the roles of hepatic PLINb in fasting/
refeeding metabolism, we employed ASOs to ablate PLINS
expression in liver. Treatment with PLIN5 ASOs for 3
weeks reduced the expression of PLIND to undetectable
levels and fasting increased PLIND expression (Fig. 1A).
PLINb ablation had no effect on body weight or liver weight
during the 3 week treatment period (Fig. 1B, C); PLINb
ASOs mildly reduced adipose PLINb expression, but no
changes in weight of the various adipose depots were ob-
served (supplemental Fig. S1). Overnight fasting increased
hepatic LD accumulation and TAG content compared with
refeeding as expected, and PLIN5 ASO-treated mice had
reduced abundance of hepatic LDs and TAG content in
both fasted and refed conditions (Fig. 1D-F). Consistent
with reduced LD accumulation, PLIN5 ablation reduced
and overexpression increased FA incorporation into LD
TAG (supplemental Fig. S2), suggesting that these altera-
tions in FA esterification may contribute to the lower he-
patic TAG observed in mice lacking PLIN5 in the liver.

Hepatic PLIN5 silencing produces distinct transcript
profiles in response to fasting or refeeding

To identify global effects of PLIN5 knockdown under
the different feeding conditions, we conducted RNA-Seq
analysis of liver samples. IPA of the RNA-Seq data was em-
ployed to identify the key pathways changed in response to
PLIN5 knockdown. We observed a total of 36 genes
changed in the refeed condition in the mice administered
PLIN5 ASOs with the majority of these being downregu-
lated (Fig. 2A, C). In contrast, PLIN5 ablation under fasting
conditions altered the expression of 136 transcripts with 78
being upregulated and 56 downregulated (Fig. 2A). Of the
genes changed as a result of PLIN5 knockdown, only 10
were altered under both feeding conditions (Fig. 2B). Prin-
cipal component analysis revealed that the gene-expression
profiles were significantly separated between control and
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PLIN5 ASO-treated mice specifically under fasting condi-
tions (Fig. 2D, E). As such, further analysis was focused on
the effects of PLIN) during fasting.

PLIN5 ablation promotes inflammation during fasting

Additional analysis of the RNA-Seq dataset revealed that
there was a robust increase of pro-inflammatory transcripts
in PLINS knockdown livers compared with control ASO
(Fig. 3A). Consistent with this, inflammation-related path-
ways (acute phase response, hepatic fibrosis/stellate cell acti-
vation, GADD45 signaling, atherosclerosis signaling) were
upregulated in response to PLIN5 knockdown during fast-
ing (Fig. 3B). To further validate the involvement of PLIN5
in inflammation regulation, we examined several classic

inflammatory signal markers in the liver including IL-1(3,
TNF-a, and IL-6, which were not significantly altered in the
RNA-Seq dataset in the entire cohort of mice. All three
transcripts of the inflammation-related markers were up-
regulated in livers following PLIN5 knockdown (Fig. 3C).
Additionally, the leukocyte marker CD45 was increased
with PLIN5 knockdown, suggesting increased hepatic im-
mune cell infiltration (Fig. 3D, E). Treatment of isolated
primary hepatocytes with lipopolysaccharide (LPS) re-
duced PLINH mRNA levels, which is consistent with PLIN5H
having an anti-inflammatory role (Fig. 3E). In agreement
with the studies in mice, PLIN5 knockdown in primary he-
patocytes increased the pro-inflammatory response to LPS,
as indicated by increased expression of IL-18, TNF-a,
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Collal, and IL-6 in cells treated with PLIN5 ASOs (Fig. 3F).
In contrast, PLIN5 overexpression attenuated LPS-induced
inflammatory gene expression (Fig. 3G). Collectively, these
data show that PLIN5 protects against LPS- or fasting-in-
duced inflammation.

PLIN5 is required for fasting-induced autophagy

While autophagy was not a pathway that was significantly
altered according to the IPA, we noted that many autoph-
agy genes had lower expression in response to PLIND abla-
tion, although they were below the 2-fold change threshold
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(Fig. 4A). To further interrogate this pathway, we deter-
mined whether expression of protein markers of autophagy
were changed accordingly. Ablation of PLINb reduced the
expressions of ATG7, LAMP1, and LC3II/I while increasing
p62, all of which are consistent with reduced autophagy
(Fig. 4B, C). To decipher the effects of PLINb on autopha-
gic flux, we administered leupeptin to mice 4 h prior to
euthanization. Leupeptin induced the abundance of p62
and LC3II as expected, but PLIN5 knockdown attenuated
this increase (Fig. 4D, E). In addition, PLINb ablation re-
duced autophagy flux in hepatocytes as measured by the
RFP-GFP-LC3 reporter assay (Fig. 4F, G; supplemental Fig.
S3A). We next overexpressed PLIND to determine whether
its expression was enough to drive autophagy. PLINS over-
expression increased LC3II/I and reduced p62, and treat-
ment with leupeptin showed that these changes reflected
increased autophagic flux (Fig. 4H-J, supplemental Fig. S3A).
Taken together, these data show for the first time that PLIN5
plays a key role in regulating fasting-induced autophagy.

PLIN5 regulates inflammation partially through changes
in autophagy

Given that liver-specific PLIN5 deficiency could pro-
mote acute inflammatory responses and inhibit autophagy
induction, we examined whether these two signals were
related. To do this, we treated primary hepatocytes with
LPS and measured markers of autophagy and inflamma-
tion. We found that LPS treatment for both 6 and 24 h in-
duced p62 accumulation and reduced the LC3II/T ratio,
indicating inhibition of autophagy (Fig. 5A-C). However,
6 h treatment with LPS did not alter the mRNA expression
of known inflammation markers (Fig. 5D), suggesting that
PLINb deficiency suppressed autophagy prior to inflam-
mation. To further test the relationship between autoph-
agy and inflammation induction, we treated control and
PLINb5-overexpressing AML-12 cells with LPS for 24 h
(supplemental Fig. S2B). We found that overexpression of
PLIN5 increased basal levels of protein markers of autoph-
agy and attenuated the decrease in autophagy following
LPS treatment, as shown by the LC3II/I ratio and LAMP1
level (Fig. 5E-G). Additionally, we measured NF-«B lucif-
erase-reporter assay and expression of inflammatory genes
in response LPS and/or chloroquine (CQ), an autophagy
inhibitor, in primary hepatocytes (Fig. 5H, I). As expected,
treatment with either LPS or CQ enhanced NF-kB activity,
which was further elevated when LPS and CQ were com-
bined. PLINbH knockdown increased and PLINS overex-
pression reduced reporter activity in response to CQ or
LPS individually, but the effects of PLIN5 were mildly at-
tenuated with the combination of both drugs. Moreover,
the ability of PLIND overexpression to reduce LPS-induced
expression of pro-inflammatory genes was attenuated in
the absence of CQ), suggesting that the induction of au-
tophagy may contribute to the anti-inflammatory effects of
PLIN5 (Fig. 5]-L).

PLIN5 attenuates the effects of PA-induced lipotoxicity

It is well-established that saturated FAs, especially PA,
promote inflammation and are drivers of lipotoxicity (17).
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Given that PLIN5 knockdown promoted inflammation
during fasting, when FA levels are high, we investigated
whether altered PLIND expression was capable of modu-
lating PA-induced inflammation. Acute exposure to PA or
knockdown of PLIN5 increased expression of IL-13, TNF-a,
and IL-6 in primary hepatocytes as expected (Fig. 6A).
However, PA elicited a more robust increase in inflamma-
tory gene expression when PLINS was ablated. Consistent
with these data, overexpression of PLIND significantly at-
tenuated the increase in inflammatory gene expression in
response to PA in AML-12 cells (Fig. 6B). These data sug-
gest that the presence of PLIND, which is normally in-
creased upon fasting, is critical to mitigate FA-induced
inflammation. The effects of PA on autophagy in the liver
are less clear with studies showing that it either promotes
or inhibits autophagy (18, 19). Exposure of primary hepa-
tocytes to PA reduced autophagy; however, PLIN5 overex-
pression was able to partially offset these suppressive
effects (Fig. 6C-E). Despite no effect of PLIN5 knockdown
on TAG accumulation in response to PA (Fig. 6H-]), PLIN5
did mediate the effects of PA on ER stress in AML-12 cells.
As measured by spliced XBP1 mRNA abundance and Bip
protein expression, ER stress was robustly induced by PA
as expected, but PLIN5 overexpression attenuated these
effects (Fig. 6F-H). Thus, the presence of PLINb attenuates
the detrimental effects of PA on autophagy suppression,
inflammation, and ER stress.

PLIN5 regulates autophagy and inflammation via SIRT1

SIRT1 is well recognized as a major regulator of autoph-
agy through its deacetylation of several proteins directly
involved in autophagy as well a host of transcription factors
that govern autophagy (20). PLINS interacts with SIRT1
under conditions such as fasting that promote cAMP/PKA
signaling to increase SIRT1 activity (10). To investigate the
relationship between PLIN5 and SIRT1, we infected pri-
mary hepatocytes with an adenovirus to overexpress PLIN5
and treated cells with EX527, a specific SIRT1 inhibitor. As
expected, we observed an increase in the LC3II/I ratio and
decreased p62 with PLINS overexpression, indicative of in-
creased autophagy; however, treatment with EX527 abro-
gated these changes (Fig. 7A-C). Additionally, we utilized
SIRT1 knockout MEFs to test the role of SIRT1 on PLIN5-
mediated autophagy induction. PLIN5 overexpression in
WT MEFs increased ATG7, LAMPI, and the LC3II/I ratio
and decreased p62 accumulation, but these effects were
not present in SIRT1 knockout cells (Fig. 7D-H). To test
the involvement of SIRT1 in the PLIN5-driven inhibition
of inflammation, we utilized the NF-xB Luc-reporter assay
in WT MEFs and SIRT1 knockout cells. Consistent with ear-
lier data, PLINDS overexpression inhibited LPS- or PA-
induced inflammation in WT MEFs, but not in SIRT1
knockout cells (Fig. 71, J). Because SIRT1 deacetylates NF-
kB/p6b to reduce its activity, we measured the acetylation
status of NF-kB/p65. Relative to control ASO, PLIN5 ASO
treatment increased NF-kB/p65 acetylation in fasted mice
consistent with reduced signaling via SIRT1 (Fig. 7K). Col-
lectively, these data show that PLINb signals via SIRT1 to
promote autophagy and prevent inflammation (Fig. 8).
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DISCUSSION

These studies explored the function and regulatory roles
of PLIND in the liver under different dietary conditions.
The most robust effects of PLIND ablation were observed in
response to fasting, with only subtle changes in gene expres-
sion observed upon refeeding. These data are consistent
with the upregulation of PLIND expression during fasting
(Fig. 1A) and increased PLIN5 phosphorylation in re-
sponse to stimuli, such as fasting, that promote -adrenergic
signaling (21). We also observed that PLIN5 ablation re-
duced LD accumulation in both fed and fasted mice. These
data are in line with previous studies showing that PLIN5
inhibits lipolysis (23) via PLIN5-mediated binding and in-
hibition of ATGL (24) and promotes FA incorporation
into cellular TAG (8, 25).

PLINbS ablation resulted in a comprehensive upregula-
tion of inflammation in livers from fasted mice. PLIN5 ab-
lation is documented to increase insulin resistance and
mitochondrial dysfunction, which often coincide with in-
flammation (8, 26, 27). In addition, downstream signaling
mediators of PLINS5, such as SIRT1, PGC-1a, and PPAR-«a,
have anti-inflammatory effects (28). Our data show that
although PLIND regulates inflammation under basal con-
ditions, the most robust effects are observed in response to
inflammatory triggers such as LPS or PA. The ability of
PLIN5 to attenuate inflammation in response to PA also
suggests that the increase in fasting-induced inflammation
in PLIN5-ablated livers may be due to an inability to re-
spond to the elevated influx of FAs or the hormonal signal-
ing required to facilitate metabolism of the incoming FAs.
PLIN5 expression was also suppressed following LPS expo-
sure suggesting that its downregulation may be a critical
event to allow for robust inflammatory signaling.

A major finding of the current study is that PLIN5 knock-
down robustly suppressed fasting-induced autophagy. While
this is the first study to demonstrate a link between PLINS
and autophagy, ample evidence exists that indirectly con-
nects PLIN5 to the regulation of autophagy. PLIN5 phos-
phorylation and translocation in response to cAMP/PKA

Inflammatory

:.‘~ / NF-KB@ genes

Fig. 8. Model. Upon fasting and subsequent PKA-
mediated phosphorylation, PLIN5 translocates to the
nucleus where it signals via SIRT1 to influence tran-
scriptional networks (PGC-lo/PPAR-oc among others)
known to influence autophagy and inflammation.
As a result, fasting-induced autophagy is promoted
and inflammation is attenuated. Thus, PLIN5 appears
to play an important role in mediating the response
to extracellular inflammatory signals to maintain cell
homeostasis.

triggers its translocation to the nucleus to promote SIRT1
activity leading to increased PGC-1a/PPAR-a signaling and
mitochondrial biogenesis (10). However, SIRT1 is also
well-established to be a master regulator of autophagy (20)
and is required for fasting-induced autophagy in the liver
(29). When these studies are taken together, they provide
alogical connection between PLINb and autophagy induc-
tion. Indeed, the current study not only demonstrates the
critical role of PLINb on fasting-induced autophagy but
also shows that these effects are dependent upon SIRT1, as
either chemical or genetic inhibition of SIRT1 negates the
effects of PLIN5. Consistent with a role for autophagy as a
modulator of inflammation (30), we also found that au-
tophagy is required for the full anti-inflammatory effects of
PLIN5 in response to LPS or PA. Thus, the regulation of
both autophagy and inflammation appear to play signifi-
cant roles contributing to the overall effects of PLINb.

In summary, these data highlight a critical role for PLIN5
in regulating fasting-induced autophagy and inflammation
in the liver. Additionally, SIRT1 acts as a key node down-
stream of PLINDS that links PLIN5 to alterations in both au-
tophagy and inflammatory pathways. These data provide
new insights into the mechanism underlying the beneficial
effects of PLINS and provide further rationale for identify-
ing therapies that activate the PLIN5-SIRT1 signaling axis as
ameans to prevent or treat diseases characterized by altered
lipid metabolism and metabolic dysfunction Bl
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