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Sphingomyelin phosphodiesterase acid like
3B (SMPDL3b) regulates Perilipin5 (PLIN5)
expression and mediates lipid
droplet formation
Lipid droplets (LDs) are lipid storage organelles with a
central hydrophobic core of neutral lipids that is enclosed
in a monolayer of phospholipids. Though the storage of
lipids, mainly cholesterol and triglycerides, was thought to
be the primary function of LDs, studies have shown that
they have important functions in maintaining lipid homeo-
stasis and modulating various signaling pathways. Abnormal
lipid accumulation has been recognized as a key feature in
several human diseases such as obesity, diabetes, cancer,
neurological diseases, cardiovascular diseases, insulin
resistance, liver diseases and kidney diseases. LDs play an
important role in innate immunity, in the fight against in-
fections, and in the replication of SARS-CoV-2. Hence a
tight regulation of LD metabolism is essential for proper
functioning of a cell. We previously reported an important
role for LD accumulation and the progression of kidney
diseases,1 including diabetic kidney disease and focal
segmental glomerulosclerosis (FSGS). In FSGS, we found
that glomerular LD accumulation coincided with decreased
expression of sphingomyelinase phosphodiesterase like 3b
(SMPDL3b), an enzyme we showed to regulate ceramide-1-
phosphate levels in podocytes,2,3 suggesting a role for
SMPDL3b in sphingolipid metabolism. However, if SMPDL3b
regulates LD homeostasis is unknown. The present study
was aimed at determining if SMPDL3b regulates LD ho-
meostasis in immortalized human podocytes, which are
terminally differentiated cells that have a key role in the
glomerular filtration barrier. We found that SMPDL3b is
localized to LDs and that reduced expression of SMPDL3b is
associated with an increase in the number of LDs, increased
levels of triglycerides (TAG) and cholesterol esters,
increased uptake of fatty acids and decreased lipolysis.
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Reduced expression of SMPDL3b leads to an increase in
PLIN5, heat shock cognate protein (HSC70) and lysosome-
associated membrane protein 2A (LAMP2A) expression.
Selonsertib treatment corrected all the phenotypes
observed in immortalized human podocytes with reduced
SMPDL3b expression.

To investigate the role of SMPDL3b in LD homeostasis, LD
fractions were isolated from immortalized human podo-
cytes with decreased SMPDL3b expression (siSMPDL3b) and
of control podocytes (Ctrl). Western blot analysis of iso-
lated LD fractions revealed SMPDL3b protein expression in
LD, and demonstrated decreased expression in siSMPDL3b
podocytes when compared to Ctrl podocytes (Fig. 1A, B).
Interestingly, reduced presence of SMPDL3b in LDs was
associated with an increase in the number (Fig. 1C) and
intensity (Fig. 1D) of LDs as well as of cellular triglyceride
(TAG) (Fig. 1E) and cholesterol ester levels (Fig. 1F), sug-
gesting an important role for SMPDL3b in LD homeostasis
and the lipid composition of LDs in human podocytes.

It has been demonstrated that SMPDL3b alters the
phospholipid composition of cellular membranes of mac-
rophages and of sphingolipids in podocytes. Phosphatidyl-
choline (PC) is the most abundant phospholipid followed by
phosphatidylethanolamine (PE) and phosphatidylserine (PS)
on the surface of LDs. We therefore determined the phos-
pholipid composition of LDs and found an increase in all
three phospholipid species of PC, PE, PS, as well as of
lysophosphatidylcholine (LPC) in LDs isolated from
siSMPDL3b human podocytes (Fig. S2). This increase in the
amount of phospholipids is likely due to the increase in the
number of LDs in siSMPDL3b human podocytes.

The accumulation of LDs can be caused by excess fatty
acids that are esterified and stored in LDs or by defective
lipolysis. To investigate the mechanism by which SMPDL3b
deficiency contributes to LD accumulation, levels of FA
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Figure 1 PLIN5 mediates the accumulation of lipid droplets in SMPDL3b silenced human podocytes. (A) Western blot analysis of
the protein expression of SMPDL3b in lipid droplets isolated from control (Ctrl) and SMPDL3b silenced (siSMPDL3b) human podo-
cytes. (B) Bar graph representation of the fold change in protein expression of SMPDL3b. (C) Number and (D) intensity of lipid
droplets is increased in siSMPDL3b human podocytes when compared to Ctrl human podocytes. Lipid droplet number and intensity
are decreased in both ctrl and siSMPDL3b human podocytes treated with 10 mM Selonsertib when compared with untreated
podocytes, respectively. (E) Triglycerides (TAG) and (F) cholesterol ester (CE) levels, determined by liquid chromatography mass
spectrometry analysis (LC-MS), are increased in siSMPDL3b podocytes. (G) Lipolysis is decreased in siSMPDL3b when compared to
Ctrl podocytes and increased in 10 mM Selonsertib treated siSMPDL3b when compared to untreated siSMPDL3b podocytes. (H)

Western blot and (I) Bar graph representation of the fold change in protein expression of PLIN5 in lysates of human podocytes. (J)
Western blot showing the expression of PLIN5 (shown with red asterisks) in lipid droplets of Ctrl and siSMPDL3b human podocytes.
(K) Bar graph representation of the fold change in protein expression of PLIN5 normalized to ATGL. PLIN5 expression is increased in
siSMPDL3b compared to Ctrl podocytes. Selonsertib (10 mM) treatment reduces the expression of PLIN5 in both Ctrl and siSMPDL3b
podocytes when compared to untreated Ctrl and siSMPDL3b podocytes. (L) Western blot and (M) bar graph representation of the
fold change in protein expression of LAMP2A and HSC70 normalized to ATGL. LAMP2A and HSC70 expression is increased in
siSMPDL3b compared to Ctrl human podocytes. Selonsertib (10 mM) treatment reduced the expression of both LAMP2A and HSC70 in
siSMPDL3b when compared with untreated siSMPDL3b podocytes. S Z Selonsertib, n Z at least 3, *P < 0.05, **P < 0.005,
***P < 0.0005 by two-tailed t-test.
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uptake and lipolysis were determined siSMPDL3b human
podocytes and Ctrl podocytes. We found increased FA up-
take (Fig. S3) and decreased lipolysis (Fig. 1G) in siSMPDL3b
human podocytes when compared to Ctrl podocytes. To
determine which FA transporter may contribute to
increased FA uptake, mRNA expression analysis was per-
formed. We found increased expression of the FA trans-
porters FATP3, FATP5, FABP5 and FABP7 (Fig. S4) in
siSMPDL3b podocytes while the expression of CD36
remained unchanged (Fig. S5). These data indicate that
SMPDL3b deficiency in human podocytes affects FA uptake
and lipolysis, leading to LD accumulation.

PLIN5 is a LD associated protein that is highly expressed
in metabolically active and fatty acid oxidizing tissues like
brown fat, heart, liver and skeletal muscle. PLIN5 promotes
FA uptake and inhibits lipolysis, hence, removal of PLIN5
from LDs is essential for normal lipolysis. To investigate a
possible role of PLIN5 in the inhibition of lipolysis in
siSMPDL3b podocytes, PLIN5 expression levels were deter-
mined. We found increased PLIN5 mRNA (Fig. S6) and pro-
tein expression (Fig. 1H, I) in siSMPDL3b when compared to
Ctrl podocytes as well as in LDs isolated from siSMPDL3b
podocytes (Fig. 1J, K). These results suggest that decreased
lipolysis in siSMPDL3b human podocytes could be mediated
by increased expression of PLIN5.

To further investigate the role of PLIN5 in SMPDL3b
deficiency-mediated LD accumulation and the inhibition
of lipolysis, human podocytes were treated with Selon-
sertib, an inhibitor of PLIN5.4 As expected, we found that
Selonsertib treatment reduced PLIN5 expression (Fig. 1J,
K) and decreased the number and intensity of LDs in both
control and siSMPDL3b human podocytes (Fig. 1C, D).
Lipolysis was restored to normal levels in siSMPDL3b
podocytes treated with Selonsertib (Fig. 1G). These data
indicate that SMPDL3b deficiency increases PLIN5
expression, which, in turn, leads to LD accumulation and
decreased lipolysis.

Chaperon mediated autophagy (CMA) plays an important
role in the removal of LD associated proteins. PLIN5
degradation at the LD surface through CMA was shown to be
essential for lipolysis5 and dysfunction of CMA is associated
with several human diseases, including kidney diseases.
Hence, we hypothesized that the expression of proteins
involved in CMA will be decreased in LDs of siSMPDL3b
human podocytes. Surprisingly, we found increased
expression of heat shock cognate protein (HSC70) and of
lysosome-associated membrane protein 2A (LAMP2A) in LDs
of siSMPDL3b human podocytes (Fig. 1L, M). The increase in
the expression of these CMA proteins could indicate that 1)
the interaction of SMPDL3b with PLIN5 is necessary to
prevent the interaction of PLIN5 with other proteins at the
LDs surface, or 2) that SMPDL3b may function as one of the
tethers required for the proper binding of LDs to lysosomes
to allow for efficient degradation of LDs surface proteins by
CMA.

Finally, we determined if inhibition of PLIN5 expression
with Selonsertib is sufficient to prevent the increased
expression of HSC70 and LAMP2A in LDs. As expected,
Selonsertib treatment reduced the expression of HSC70 and
LAMP2A in LDs of siSMPDL3b podocytes compared to
untreated as well as HSC70 expression in control podocytes
(Fig. 1L, M). These data indicate that increased presence of
HSC70 and LAMP2A in LDs of siSMPDL3b podocytes is due to
increased PLIN5 expression. The observation that the
presence of HSC70 and LAMP2A is decreased in LDs treated
with Selonsertib suggest that PLIN5 regulates HSC70 and
LAMP2A expression. Similarly, increased PLIN5 expression in
siSMPDL3b podocytes causes increased HSC70 and LAMP2A
protein expression, which is likely a consequence of inef-
ficient degradation of PLIN5 by CMA.
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