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ABSTRACT

Peroxisome proliferator-activated receptor-y (PPARy) is the master regulator of adipogenesis, but
knowledge about how PPARYy is regulated at the protein level is very limited. We aimed to identify
PPARy-interacting proteins which modulate PPARY’s protein levels and transactivating activities in
human adipocytes. We expressed Flag-tagged PPARy in human preadipocytes as bait to capture
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PPARy-associated proteins, followed by mass spectroscopy and proteomics analysis, which iden- I;:X;:%?E;a- cofactors and
tified serine/threonine kinase 38 (STK38) as a major PPARy-associated protein. Protein pulldown adipoéytes '

studies confirmed this protein—protein interaction in transfected cells, and reporter assays demon-
strated that STK38 enhanced PPARY's transactivating activities without requiring STK38’s kinase
activity. In cell-based assays, STK38 increased PPARy protein stability, extending PPARY's half-life
from ~1.08 to 1.95 h. Notably, in human preadipocytes, the overexpression of STK38 enhanced
adipogenesis, whereas knockdown impaired the process in a PPARy-dependent manner. Thus, we
discovered that STK38 is a novel PPARy-cofactor promoting adipogenesis, likely through stabiliza-
tion of PPARy

typically form a complex with PPARy and enhance tran-
scription at the promoter level.

We have previously reported that the fusion of the
activation domain of MyoD (M3) to PPARy signifi-
cantly enhances PPARY’s transactivating activity, and
the resultant ‘super-active’ M3-PPARy can efficiently
promote adipogenesis and convert human myoblasts
into brown-like adipocytes [4]. To identify possible
cofactors which contribute to either this enhanced M3-
PPARy or unmodified PPARY’s transacting activities,
we performed this study. Here, we report that serine/
threonine kinase 38 (STK38) is a novel PPARy-cofactor
that promotes adipogenesis in human preadipocytes.

Introduction

Peroxisome proliferator-activated receptor-y (PPARYy) is
a nuclear transcription factor predominantly expressed in
adipose tissue and plays a pivotal role in the regulation of
adipogenesis. Of clinical importance, thiazolidinediones
(TZDs), a major class of drugs for the treatment of type 2
diabetes (T2D), improve whole-body insulin sensitivity
through the activation of PPARy. However, our knowl-
edge about the regulation of PPARY at the protein level
remains incomplete. PPARY activation begins with ligand
binding and subsequent formation of heterodimers with
RXR nuclear receptors. This PPARy-RXR complex then
binds PPAR responsive elements (PPREs) of the DNA
sequence and recruits basal transcriptional machinery in
order to initiate target gene transcription. This process is
regulated by many factors but particularly by cofactor
proteins that bind to PPARy and modulate the strength

Results

STK38 is a PPARy-interacting protein

and specificity of PPARy-mediated transcription. Thus,
the identification of PPARy-associated cofactors is a well-
established approach to elucidate the PPARYy signalling
mechanism. As a result, a number of PPARy coactivators,
such as PGCl [1], PRIP (peroxisome proliferator-
activated receptor (PPARYy)-interacting protein) [2], and
Tip60 [3] have been identified, and these coactivators

We have previously shown that M3-PPARy is more
potent than PPARy in inducing adipogenesis while
retaining its responsiveness to rosiglitazone [4]. To
isolate possible PPARy-binding proteins which may
enhance its activity, we conducted proteomics analyses.
We infected human preadipocytes with lentiviruses
expressing Flag-PPARy, Flag-M3-PPARy, and Flag-
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EGFP and treated the cells with rosiglitazone (Rosi)
and insulin. Twenty-four hours post-treatment, we iso-
lated the PPARy-associated proteins using anti-Flag
affinity beads and used the Flag-bound proteins for
proteomics analyses. Table 1 shows that a dozen of
proteins were identified to bind to Flag-PPARy and
Flag-M3-PPARy, but not to Flag-EGFP.
Chromatography was performed in all three indepen-
dent experiments. As expected, PPARy is the most
abundant protein isolated from the anti-Flag magnetic
beads, given it is Flag-tagged and overexpressed as
a bait. Some known PPARy cofactors such as RXRa,
MEDI1 [5,6], PPM1B [7], and THRAP3 [8] were iden-
tified in the experiment, which partially validated that
the isolation approach was successful. Notably, a few
protein kinases such as serine/threonine-protein kinase
38 (STK38), BTB/POZ domain-containing protein
KCTD5, and STK38-like protein (STL38L) were co-

Table 1. List of associated proteins.

Proteins Flag-M3-PPARy Flag-PPARy Flag-EGFP
(bound) (#of uni. peps) (#uni. peps) (#uni. peps)
PPARY 63 61 0

STK38 31 25 0
PPM1B 17 13 0

RXRa 17 7 0
STK38L 15 4 0

KCTD5 13 15 0

MED1 1" 2 0
THRAP3 8 4 0

The number (#: the mean of three independent experiments) of unique
peptides (uni. peps) eluted from Flag-M3-PPARy, Flag-PPARy, or Flag-
EGFP affinity beads. PPM1B: Protein Phosphatase 1B; STK38L: STK38-Like
; KCTD5: Potassium Channel Tetramerization Domain Containing 5; MED1:
Mediator Subunit 1; THRAP3: Thyroid Hormone Receptor Associated
Protein 3.
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eluted with M3-PPARy and PPARy. Intriguingly,
although there was an overall enrichment of proteins
bound to M3-PPARYy, compared to PPARY, no proteins
specific to M3-PPARY were isolated, suggesting that the
enhanced transcriptional activity of M3-PPARy might
not be attributed to a single specific cofactor protein.
Nevertheless, these proteins are potentially PPARy
cofactors since they appear specific to PPARy, but not
the M3 domain. As STK38 was the most abundant
protein associated with PPARy and, by virtue of its
kinase activity, could be a potential modifier of M3-
PPARy and PPARy, we focused on this protein and
conducted confirmatory immunoprecipitation and
functional studies. We next carried out anti-Flag pull-
down experiments in HEK293 cells by co-transfecting
tagged Myc-STK38 and Flag-PPARYy, and control pro-
teins Flag-EGFP and Myc-HNF4aq, a nuclear transcrip-
tion factor found not to bind PPARYy in a pilot study.
As shown in Figure 1, Flag-PPARy did not pulldown
Myc-HNF4a (lane 1 vs. lane5) nor did Flag-EGFP (lane
3 vs. lane 7). Flag-EGFP similarly could not pulldown
Myc-STK38 (lane 4 vs. lane 8). However, Myc-STK38
was significantly pulled down by Flag-PPARYy, confirm-
ing our proteomics data. This experiment thus demon-
strates that PPARy and STK38 interact with each other.

STK38 colocalizes with and enhances PPARy
transcriptional activities

PPARYy is a nuclear protein, whereas STK38’s cellular
localization has not been well characterized. To deter-
mine whether these two proteins could actually
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Figure 1. STK38 is associated with PPARy. HEK293 cells were transfected with tagged PPARy, HNF4a (negative control), EGFP
(negative control), or STK38, indicated as plus (+) sign. Cell lysates were precipitated by anti-Flag magnetic beads or by anti-Myc
antibody-protein A resin and immunoblotted by antibodies (a) labelled on the left of the blot. Detected proteins are labelled on the

right of the blot.
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colocalize in the same cell compartment, we co-
expressed EGFP-STK38 and turboRFP-PPARy in
HEK?293 cells. As depicted in Figure 2a, EGFP-STK38
(green) was present both in the cell nucleus and in the
cytoplasm, whereas turboRFP-PPARY (red) was solely
nuclear, and their colocalization (orange) was observed
in the nucleus. To investigate the impact of STK38 on
PPARy-mediated transcriptional activities, we next
conducted a reporter assay in HEK293 cells wherein
a PPRE reporter construct was co-transfected with
STK38 variants and PPARy. As shown in Figure 2b,
the reporter activity was significantly increased by
PPARY overexpression, which was further augmented
by STK38 co-

expression and  responsive to  rosiglitazone.
Interestingly, there was no difference between STK38-
WT (Wild-type) vs. STK38-KD (kinase-dead) in the
induction of PPARY activity. Importantly, STK38-WT
or STK38-KD alone did not affect reporter activity.
This experiment indicates that STK38 increases PPRE
reporter activities in a PPARy-dependent manner and
that STK38’s kinase activity is not required for the
enhancement.

STK38 stabilizes PPARy

We next investigated the effect of STK38 on PPARy,
protein stability by co-expressing either Myc-tagged
STK38 or Myc-HNF4a with Flag-PPARy, in HEK293
cells and treated the cells with cycloheximide (CHX) to

TurboRFP-PPARY

EGFP-STK38

EGFP-STK38
TurboRFP-PPARY
DAPI

stop protein synthesis. As shown in Figure 3a and 3b,
the level of PPARY decreased with time after the CHX
treatment, but its rate of decline was significantly
slower when co-expressed with STK38 compared to co-
expression with HNF4a. As a result, the estimated half-
life (t;,, = 1.08 h) of PPARy without STK38 was
extended to T;, = 1.96 h with STK38. Notably,
STK38 protein levels were relatively stable during the
16 h post CHX treatment, as was a-actin. This study
illustrates the stabilizing effect of STK38 on PPARy,
resulting in slowed protein degradation of PPARy.

STK38 promotes adipogenesis in a PPARy-
dependent manner

To investigate the biological function of STK38 in adi-
pocytes, we examined its gene expression during adi-
pocyte differentiation of human preadipocytes (adipose
stromal vascular cells). As shown in Figure 4a, STK38
was drastically induced on day 1 after adipogenic
induction, remained higher up to day 3, and then
decreased gradually, though still above baseline on
days 9 and 11 at the end of the differentiation protocol.
By comparison, the expression of PPARy peaked at day
3 and reduced modestly thereafter during the later
phase of differentiation. The expression of the adipo-
cyte marker fatty-acid binding protein 4 (FABP4)
slowly increased to its peak at day 7 and then decreased
gradually. To understand the functional impact of
STK38 on adipogenesis, we conducted depletion and
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Figure 2. STK38 colocalizes with PPARy and enhances its transactivating activities. (a) Co-localization of STK38 with PPARy in
the nucleus. Plasmids with EGFP-tagged STK38 (EGFP-STK38, green) and turboRFP-tagged PPARy (turboRFP, red) were co-transfected
into HEK293 cells and photographed 48 hours post-transfection under a fluorescence microscope. EGFP-
STK38 (green), turboRFP-tagged PPARy (red), and DAPI (blue). Arrows indicate representative colocalization of EGFP-STK38 with
turboRFP in the nucleus in orange. (b) Enhancement of PPARy-mediated transactivation by STK38. HEK293 cells were transfected
with a PPRE reporter and indicated expression vectors and treated with or without rosiglitazone (Rosi). STK38-KD: kinase-dead;
STK38-WT: wild-type. Data are mean + SEM (n = 6) **p < 0.01 vs. the corresponding EGFP control; and ##p < 0.01 vs. the
corresponding PPARy group.
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Figure 3. STK38 stabilizes PPARy in vitro. (a) Stabilization of PPARy by STK38. HEK293 cells were transfected with Flag-PPARy and
Myc-STK38 or Myc-HNF4a and treated with cycloheximide (CHX) 24 h post-transfection. Cell lysates were collected at the indicated
times after the treatment for Western analyses with antibodies (a-) against Flag, Myc, or a-actin. (b) Calculated PPARy decay when
co-expressed with Myc-HNF4a (blank circle) or with Myc-SKT38 (solid circle) with calculated t;/,. Data are mean + SEM (n = 3

independent studies). *p < 0.05; **p < 0.01.

overexpression studies in primary human preadipo-
cytes which had been tested to be not amicable to
differentiation. The cells were infected with lentiviruses
of EGFP (control), shSTK38, or STK38 with or without
PPARy and then subjected to adipogenic differentia-
tion. Cell adiposity was visually evaluated by Oil Red
staining (Figure 4b) and quantification (Figure 4c) of
Oil-Red-O. As shown in Figure 4b,c, the overexpression
or depletion of STK38 alone slightly increased or
decreased adipogenesis, respectively. PPARy overex-
pression significantly enhanced adipogenesis compared
to baseline. Co-expression of STK38 with PPARy
further increased adipogenesis, whereas STK38 knock-
down markedly diminished PPARy-mediated adipo-
genesis. Concomitant qPCR analyses confirmed the
depletion and overexpression of STK38 by lentiviral
shRNA knockdown of STK38 and STK38 overexpres-
sion, respectively (Figure 4d), while FABP4 expression
levels were in agreement with adiposity staining by Oil-
red (Figure 4b and 4c). These findings point to
a permissive role of STK38 in PPARy-mediated
adipogenesis.

Discussion

Our initial aim of the study was to identify putative
cofactors for M3-PPARy, a fusion protein which has
shown enhanced transcriptional activities (ref).
However, we found no qualitative differences in the
bound proteins between M3-PPARy vs. PPARy.
Instead, we found STK38 consistently bound to both
M3-PPARy and PPARy and functions as a novel
PPARy-interacting protein promoting adipogenesis.
STK38, also called NDR1, belongs to the family of
mammalian nuclear Dbf2-related kinases [9] and is
implicated in a wide range of cell functions, including
proliferation, apoptosis, autophagy, and morphological
changes [10]. Substrate phosphorylation is an impor-
tant part of STK38s molecular function [11]. For
example, STK38 regulates the cell cycle through phos-
phorylating p21, a cyclin-Cdk inhibitor [12]. STK38
also phosphorylates and activates the nuclear export
protein XPOI, escorting the autophagy regulator
Beclinl out of the nucleus to the cytoplasm. This kinase
activity is essential for starvation-induced autophagy
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Figure 4. STK38 promotes adipogenesis. (a) Time-course of gene expression of STK38, PPARy, and FABP4 during adipocyte
differentiation. Preadipocytes were subjected to adipogenic differentiation, and cells were collected at the indicated times for qPCR
analyses. Data are mean + SEM, n = 3, **p < 0.01; *p < 0.05 vs. day 0. (b and ¢) Oil-Red-O staining and quantification of human
preadipocytes infected with PPARy, EGFP, STK38, and shSTK38 lentiviruses and differentiated for 11 days. Data are mean + SEM
(n = 3). **p < 0.01; *P < 0.05 vs. EGFP; #p < 0.05 vs. PPARy. (d) Gene expression analyses of differentiated adipocytes infected with
lentiviruses as indicated. Data are expressed as mean = SEM (n = 3).

[13]. In this study, we found that both kinase-active
(wild-type) and kinase-dead STK38 proteins stimulated
PPARy-mediated transcriptional activities to a similar
degree, suggesting that the kinase activity is not
required for STK38-mediated enhancement of PPARy
transcriptional activity. We next demonstrated that
STK38 could significantly slow the degradation of
PPARy, but the underlying mechanism is not known
at present. Nevertheless, the level of PPARY protein has
been reported to be regulated at multiple levels by
SUMOylation and ubiquitination [14,15], ligand-
binding [16], and also protein-protein interactions
[17], which directly affect its activities. In this study,
we found that PPARy was quickly degraded, whereas
STK38 levels remained relatively stable after inhibition
of new protein synthesis by cycloheximide [18]. Thus,
the association of the stable STK38 with the labile
PPARy may provide the latter with something of
a physical shield from protein-degrading enzymes.
Our finding is in line with reports that STK38 modu-
lates its partner protein’s stability via protein-protein
interaction. For example, the kinase-dead STK-38 inter-
acts with the MYC protein and reduces its degradation
rate [19]. In another instance, STK38 interacts with the
co-chaperone Bcl2-associated athanogene 3 (BAG3)
and inhibits BAG3-mediated autophagy, independent
of its kinase activity. Thus, STK38 appears to serve as
a chaperone protein regulating the stability of many

proteins through protein—protein interaction irrespec-
tive of its kinase activity. On the other hand, since both
PPARy and STK38 are implicated in the regulation of
cell cycle, proliferation, and apoptosis [20-22], it is
possible that PPARy may exert its function via regula-
tion of STK38’s function.

To determine the physiological relevance of STK38
to adipogenesis, we investigated the gene expression of
STK38 and PPARYy during adipogenic differentiation of
human preadipocytes. We found that STK38 induction
occurred rapidly and peaked between days 1 and 3,
whereas PPARY expression was induced more slowly
and peaked at day 3, indicating that STK38 is an early
responsive gene to adipogenic induction. Furthermore,
knockdown of STK38 impaired, whereas overexpres-
sion of STK38 promoted, adipogenesis. Notably,
STK38 significantly enhanced PPARy overexpression-
mediated adipogenesis. Thus, we demonstrated that
STK38 plays a permissive role in adipogenesis through
PPARY.

It is noteworthy that STK38L, STK38-like protein,
was also isolated in initial pulldown experiments,
despite lower abundance (Table 1). STK38L shares an
87% identity with STK38 and likely behaves similarly to
STK38 in association with stabilizing PPARy. However,
their regulation during adipogenesis and at different
adipose depots may differ. Our recent RNAseq analyses
of gene expression indicate that the STK38 increased,



whereas STK38L decreased during adipogenesis
(unpublished data). Further individual and double
knockout studies would be needed to address their
roles in adipogenesis.

In summary, through proteomics study, we have
identified STK38 as a novel PPARy-coactivator that
stabilizes the PPARy protein. This mechanism is dis-
tinct from most known transcriptional coactivators,
which act at the promoter level (ref). Our discovery of
STK38 as a likely chaperone protein of PPARYy provides
a novel insight into PPARy biology and its regulation.

Materials and methods

Rosiglitazone was purchased from Alexis Biochemicals (San
Diego, CA, USA); protease inhibitor cocktail from Roche
Applied Biosciences (Indianapolis, IN, USA); LipoD293
from Signagen Laboratories (Gaithersburg, MD, USA); anti-
Flag M2-magnetic beads, anti-Flag antibody, and 4,6-diami-
dino-2-phenylindole (DAPI) from Sigma-Aldrich (St. Louis,
MO, USA); and anti-Myc antibody from Cell Signaling
Technology (Danvers, MA, USA).

Plasmid construction

3xPPRE-tk-Luc reporter plasmid was from Addgene, and
renilla luciferase was purchased from Promega (Madison,
WI, USA). Triple Flag tag (abbreviated as ‘Flag’ hereafter),
triple Myc tag (as ‘Myc’ hereafter), turboRFP, or EGFP DNA
sequences were tagged at the N-terminus of EGFP, PPARYy,
HNF4a, or STK38 [19] by PCR using Phusion polymerase
(New England Biolabs, Ipswich, MA) and cloned into
a pENTRIA vector. For making shSTK38, primers 5'-
ACCTCGTTCATGCAGACCGTACAATCAAGAGTTG-
TACCCGGTCTGCATGAACTT-3" (forward) and 5-
CAAAGTTCATGCAGACCGTACAACTCTTGATTGT-
ACCCGGTCTGCATGAACG-3' were annealed and cloned
into a pENTRI1A vector containing psiRNA-h7SK cassette
(InvivoGen, San Diego, USA) by Gibson cloning. All inserts
were validated without mutation by Sanger sequencing.
Respective pENTRA vectors with inserts were converted
into lentiviral pPSMPUW vectors (Cell Biolabs, San Diego,
CA, USA) [4] via Gateway cloning. The knockdown effi-
ciency of the shSTK38 construct was more than 90% in pilot
studies.

Cell culture, lentivirus production, and PPARy-
interacting protein isolation and identification

HEK-293 (CRL-1573, ATCC, Manassas, VA) and HEK-
293 T (CRL-3216, ATCC) cells were maintained in
DMEM (Dulbecco’s modified Eagle’s medium) con-
taining 10% foetal bovine serum (FBS, Gibco Life
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Technologies), 100 pg of penicillin/ml, and 100 pg of
streptomycin/ml (Gibco Life Technologies) for plasmid
transfection or viral production.

For lentivirus production, transfer vector was co-
transfected with packaging vector pCD/NL-BH*DDD
(Addgene#17,531) and envelope vector pCMV-VSVG
(Cell Biolabs) using LipoD293 in HEK-293 T cells as
previously described [4,23]. To isolate PPARy-
interacting proteins, roughly 5 x 107 adipose stromal
vascular cells [24,25], which had been tested to differ-
entiate well into adipocytes with lentiviral PPARy
infection, were plated in DMEM containing 10% FBS
in a 10 cm dish. At 70% confluency, the cells were
transduced with lentiviruses expressing Flag-EGEFP,
Flag-PPARy, or Flag-M3-PPARy [4]. Twenty-four
hours later, the cells were treated with rosiglitazone (1
uM) and insulin (70 nM) for an additional 24 h.
Thereafter, the cells were washed with 1x PBS and
lysed in binding buffer (50 mM Tris, pH 7.5, 150 mM
NaCl, 1% NP 40, 0.25% sodium deoxycholate, 10%
glycerol, 1 mM EGTA, 1 mM PMSF, protease inhibitor
cocktail). The lysates were then centrifuged, and the
supernatants were incubated with 20 ml of anti-Flag
M2 magnetic beads overnight at 4°C. The beads were
collected using a magnetic stand and thoroughly
washed with washing buffer (250 mM NaCl). Binding
proteins were eluted with 200 mM Flag peptide in
washing buffer and subjected to proteomics analysis
with LC (liquid chromatography)-tandem mass spec-
trometry at the Proteomics Core of the University of
Maryland School of Medicine and reported as the
number of unique peptides matching existing proteins.

Immunoprecipitation and Western blot
analyses

For immunoprecipitation experiments, HEK-293 T
cells were grown in 15 cm dishes and transiently
transfected with Flag- or Myc-tagged PPARYy,
STK38, HNF4a, and EGFP expression vectors
(10 pg) using LipoD293 (Signagen). Forty-eight
hours post-transfection, the cells were lysed in
RIPA buffer. Cell lysates were incubated with anti-
Flag beads or with both anti-Myc antibody and
protein A resin overnight at 4°C, washed, and dis-
solved in 1X sample buffer for Western blot analy-
sis. We repeated the proteomics studies three times
using preadipocytes from three subjects to avoid
possible bias due to donor variation.

For Western blot analysis, cell lysates or immuno-
precipitates were separated on SDS-polyacrylamide gel
electrophoresis and then transferred to PVDF mem-
branes. The blots were probed with anti-Flag or anti-
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Myc antibody and alkaline phosphatase (AP)-
conjugated secondary antibodies, visualized by the
BCIP/NBT Liquid Substrate System (Sigma-Aldrich)
and quantified with Image] (Bethesda, MD).

Protein co-localization and stability studies

HEK293 cells were co-transfected with plasmids overex-
pressing EGFP-STK38 (0.1 pg mg) and turboRFP-PPARy
(0.2 mg) in Nest Scientific 4-Well Cell Culture Chamber
Slide (Stellar Scientific, Baltimore, Maryland). Forty-eight
hours after transfection, the cells were fixed with 4% par-
aformaldehyde for 30 min at room temperature, then
washed with PBS, and stained with DAPI (0.1 mg/ml) for
10 min. The slide was then washed, mounted with a cover-
slip, and imaged by a fluorescence microscope. For protein
stability assays, HEK293 cells were co-transfected with 1
g plasmid of Flag-, Myc-PPARy with Myc-STK38 or
Myc-HNF4a in a 6-well plate. Twenty-four hours post-
transfection, the cells were treated with cycloheximide
(300 pg/ml), and cell lysates were collected for Western
blot analysis at the indicated time points following
treatment.

Adipogenesis and RT-qPCR

For adipocyte differentiation, preadipocytes were
plated in duplicates, cultured in DMEM with 10%
bovine serum, 100 pg of penicillin/ml, and 100 pg of
streptomycin/ml, transduced with lentiviruses of
EGFP, PPARy, STK38, or shSTK38, and grown to
confluency. The cells were then switched to differ-
entiation medium containing dexamethasone
(250 nM), 3-isobutyl-1-methylxanthine (500 uM),
and insulin (170 nM) for 2 days. On day 3, the
medium was changed to culture medium supple-
mented with insulin (170 nM) and left for 7 days.
Subsequently, the cells were either stained with Oil-
Red-O or collected for total RNA extraction. For
Oil-Red-O staining, differentiated cells were fixed
with 10% formalin at 4°C for 1 h, followed by Ix
PBS wash and staining with 0.35% Oil-Red-O
(Sigma) at 25°C for 1 h. Then, Oil-Red-O was
washed away with distilled water, and the stained
cells were imaged under a microscope, and isopro-
panol was added to elute Oil-Red-O. An aliquot of
the eluate was then measured for absorbance at
510 nm by a microplate reader. For RT-qPCR,
total RNAs were extracted using RNeasy Lipid
Tissue Mini Kit (Qiagen, Valencia, CA) with on-
column DNase digestion (Qiagen) as described
before [25].cDNAs were synthesized using AMV
Reverse Transcriptase kit (Promega) from 1 ug of

total RNA. Quantitative PCR was performed on
a Light Cycler 480 (Roche, Indianapolis, IN) using
primers 5’-acaccttgctcatccatgag-3’ (forward) and 5'-
ggccttcttettecatcace-3"  (reverse) for STK38, 5'-
cctttaaatactgagatttecttca -3’ (forward), 5'- ggacacccc-
catctaaggtt-3' (reverse) for FABP4, and 5'- atgcactg-
gaattagatgacag-3' (forward) and 5'- acaagtccttgt
agatctcctg-3' for PPARy. Primers for FABP4 and vy-
Actin were described previously [4]. Beta-actin
mRNA was used for normalization of cDNA loading
as an internal control. The relative expression of the
target genes compared to beta-actin was determined
by the 2-AACT method.

Data analysis

Data were presented as mean + SEM. One-way or two-
way analysis of variance (ANOVA), followed by post-
hoc Bonferroni’s test for between-group comparisons
or by Dunnett’s test for test group comparisons with
the control, was used to determine the group-to-group
statistical significance. The half-life of protein degrada-
tion was calculated by using the equation of exponen-
tial one-phase decay. Statistical analyses
performed using GraphPad Prism 5. Differences were
considered statistically significant at the level of
p <0.05.
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