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The effect of inhibition of endoplasmic reticulum
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Aim: Lipolysis in fat tissue plays an important role in the development of metabolic disturbances, a characteristic feature of chronic
kidney disease (CKD). In the present study, we tested the hypothesis that the inhibition of endoplasmic reticulum (ER) stress could

alleviate lipolysis in white adipose tissue in a rat model of CKD.

Methods: A rat model of CKD was established by a method of reduced renal mass (RRM). Lipolysis was measured as the release
of glycerol in ex vivo fat pads and cultured primary adipocytes. The activity of lipases and markers of ER stress were measured by

Western blotting and immunoprecipitation.

Results: Our data showed that lipolysis in visceral white adipose tissue was increased in RRM rats compared with control rats. In
addition, increased phosphorylation of hormone-sensitive lipase (HSL) and binding of adipose triglyceride lipase (ATGL) to comparative
gene identification-58 (CGI-58) protein were observed in the RRM rats. The phosphorylation of ER stress markers, including IRE1c,
PERK, and eukaryotic initiation factor (elF) 2a, and the expression of ER stress marker 78 kDa glucose-regulated protein (GRP78)

were significantly increased in RRM rats. Treatment with an inhibitor of ER stress partially but significantly alleviated lipolysis, and this
alleviation was accompanied by reduced binding of ATGL to CGI-58.

Conclusion: Our results showed that enhanced lipolysis and ER stress occurred in visceral white adipose tissue in a rat model of CKD.
Moreover, inhibition of ER stress significantly alleviated lipolysis. These findings suggest that ER stress is a potential therapeutic target

for the metabolic disturbances associated with CKD.
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Introduction
Metabolic disturbances, such as protein-energy wasting!", dys-
lipidemia®, and lipid redistribution’, have been frequently
demonstrated in chronic kidney disease (CKD). However, the
underlying mechanisms of these disturbances remain elusive.
Several in vitro studies!™® have shown that white adipocyte
dysfunctions may occur in the micro-environment of uremia.
White adipocyte tissue plays an important role in the regula-
tion of lipid metabolism, energy homeostasis and insulin sen-
sitivity via lipolysis, lipogenesis and the secretion of several
cytokines”. Circulating metabolic profiling has demonstrated
increased lipolysis in patients with CKD®. We and others
have also found that uremic toxins induce lipolysis in cultured
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adipocytes®® . Indeed, a loss of body fat has been identified in

patients with CKD (particularly advanced CKD) and has been
linked with increased mortality[m]. However, the direct evalu-
ation of lipolysis in white adipose tissue in the setting of CKD
has not received much attention.

The role of endoplasm reticulum (ER) stress in the pathogen-
esis of metabolic disease has been increasingly recognized!" .
In obesity and diabetic mellitus, which are both associated
with metabolic disturbances, ER stress has been repeatedly
demonstrated in white adipose tissuel™> 11, Additionally, ER
stress has been shown to induce an intracellular inflammatory

151 Our work and

cascade and insulin resistance in adipocytes
other previous studies have shown that ER stress can trigger
lipolysis in cultured adipocytes™'®l. This information suggests
that ER stress may be one key pathway leading to metabolic
disease states. Although ER stress has been demonstrated

in the kidney[m and aorta™ in the context of CKD, whether



ER stress is activated in white adipose tissue in this setting
remains unclear.

In the present study, we tested the hypothesis that the inhi-
bition of ER stress could alleviate lipolysis in white adipose
tissue under the conditions of CKD. Our data showed that
ER stress was activated and lipolysis was enhanced in visceral
white adipose tissue in rats with reduced renal mass (RRM),
a model of CKD. Furthermore, the inhibition of ER stress sig-
nificantly alleviated lipolysis. This information suggests that
ER stress is a potential therapeutic target for the metabolic dis-
turbances observed in CKD.

Materials and methods

Animal preparation

Male Sprague-Dawley rats initially weighing 180-200 g
(Southern Medical University Animal Experiment Center,
Guangzhou, China) were maintained under standardized
conditions with a standard rodent diet. Rats were housed in
temperature-controlled, light-cycled quarters with ad libitum
access to food and water. The rats were subjected either to a
five-sixths nephrectomy (a right nephrectomy with surgical
resection of two-thirds of the left kidney) or a sham operation
under anesthesia. Ten weeks after the surgery, plasma creati-
nine, blood urea nitrogen and renal pathology were evaluated
to confirm the establishment of chronic renal failure. Eighteen
weeks after the surgery, the rats were subjected to analysis
of biochemical and physical parameters. The investigation
conformed to the Guide for the Care and Use of Laboratory
Animals published by the US National Institutes of Health
(NIH Publication No 85-23, revised 1996). All animal proce-
dures were approved by the Animal Experiment Committee
of Southern Medical University, Guangzhou, China.

Rats were starved overnight (12 h), and blood was drawn
by transcutaneous cardiac puncture into a heparinized syringe
after anesthesia. At the end of the experiment, blood was col-
lected and centrifuged at 10000xg to collect plasma.

Adipose tissue organ culture

We performed adipose tissue organ culture to evaluate ex vivo
lipolysis as previously described™. Freshly isolated visceral
white adipose tissue samples (epididymal, omental, and ret-
roperitoneal adipose tissue) were washed in PBS and placed
in 60-mm dishes at 100 mg total tissue (wet weight) per dish.
The fresh tissue was minced into 1-mm pieces and incubated
in Krebs-Ringer Bicarbonate (KRB) buffer containing 1% fatty
acid-free BSA (Sigma-Aldrich, St Louis, MO, USA). The sam-
ples were incubated at 37°C under 5% CO, with mild shaking.
After 120 min, glycerol release in the medium was measured
using a glycerol determination kit. The fat pads were homog-
enized in PBS. Glycerol levels were then normalized to 100
grams of tissue protein for each sample.

Primary adipocyte isolation and culture

We isolated primary adipocytes to determine the in vitro lipol-
ysis as previously reported™. Briefly, epididymal, omental,
and retroperitoneal fat pads (approximately 2 g) from sham

www.chinaphar.com
ZhuY et al

and chronic renal failure rats were extracted, weighed, and
then finely minced using microscissors at room temperature.
The minced tissue was transferred to plastic vials containing
KRB buffer supplemented with 30 mmol/L HEPES (pH 7.4)
and collagenase (1 g/mL). Tissue was incubated for 30 min
at 37°C with gentle agitation. Subsequently, digested tissue
was filtered through a nylon mesh, and cells were collected
into plastic 50-mL tubes and allowed to stand for 5 min. The
infra-natant containing the collagenase solution was carefully
removed using a long needle and syringe. The floating layer
of adipocytes was washed three times with 10 mL of adipocyte
incubation solution that contained KRB buffer supplemented
with 4% (w/v) fatty acid-free bovine albumin fraction V. The
adipocyte solution was centrifuged at 800 rounds per minute.
Finally, 200 pL of packed cells was resuspended in 5 mL of
adipocyte incubation solution for subsequent distribution into
assay tubes. The purity of the isolation procedure was tested
by investigating 200 cells from each rat under a light micro-
scope. The number of isolated cells not resembling fat cells
or cell material that was stuck to a fat cell was always below
10 per 200 counted cells. Lipolysis was measured by assaying
glycerol release after cell incubation at 37 °C with 5% CO, for 1
h. Cell protein content was measured, and all data were nor-
malized per microgram cell protein.

Western blotting

For whole tissue samples, fat depots were extracted and
immediately snap frozen in liquid nitrogen. Tissue samples
(approximately 100 mg) were subsequently homogenized in a
lysis buffer. For isolated adipocytes, cells were homogenized
in a lysis buffer, and the lysates were centrifuged. Western
blotting was conducted as described elsewhere!. Antibodies
used included the following: anti-HSL, anti-phosphor-HSL
serine 563, anti-phosphor-HSL serine 660, anti-ATGL, anti-
CGI-58, anti-PERK, anti-phospho-PERK (Thr 981), anti-elF2q,
anti-phospho-elF2a (Ser51), anti-JNK1/3, anti-phospho-
JNK (Thr 183/Tyr 185), anti-IREla, and anti-phospho-IREla
(Ser724) (Cell Signaling, Danvers, MA, USA). p-Actin was
used as an internal control.

Statistical analysis

All experiments were performed in triplicate. Data are pre-
sented as the meantstandard deviation (SD) of three inde-
pendent experiments as indicated. All data were analyzed
with SPSS 11.0 for Windows. The difference in mean values
between groups was tested using one-way ANOVA. To iden-
tify significant differences between two groups, comparisons
were made using Student’s ¢-test. P values less than 0.05 were
considered significant.

Results

Enhanced lipolysis in white adipose tissue in RRM rats

To confirm the establishment of chronic renal failure, we
evaluated renal pathology. As presented in Figure 1, glomeru-
losclerosis developed in RRM rats 10 weeks after surgery. The
characteristic features of the animals at the end of the study
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Figure 1. Glomerulosclerosis in RRM rats. Images of PAS staining of renal
pathology in sham and RRM rats 10 weeks after surgery are shown.

are shown in Table 1.

To evaluate lipolysis in visceral white adipose tissue, we
measured glycerol release in the tissue pad and in primary
white adipocytes. As shown in Figure 2A, glycerol release
was significantly increased in the visceral fat pads of RRM
rats. Similarly, glycerol release was also increased in the vis-
ceral primary adipocytes of RRM rats (Figure 2B).

Hormone-sensitive lipase (HSL) and adipose triglycer-
ide lipase (ATGL) are the two key enzymes involved in the
regulation of lipolysis™ ). We measured their activities and
content in visceral white adipose tissue to confirm that exces-
sive lipolysis was occurring. Phosphorylation of serine resi-
dues 563 and 660 is necessary for the activation of HSL. As
shown in Figure 3A, phosphorylation of HSL was significantly
enhanced in visceral white adipose tissue of RRM rats. Mean-
while, its abundance remained comparable between control
and RRM rats.

The activity of ATGL is not only regulated by its content but
is also greatly affected by comparative gene identification 58

Table 1. Biochemical and physical parameters in the experimental rats.
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Figure 2. Lipolysis in fat pads and primary adipocytes from RRM
rats. Visceral white adipose tissue samples (epididymal, omental, and
retroperitoneal adipose tissue) and primary adipocytes were cultured
as described in the Materials and methods section. Glycerol release
in the medium was measured. The glycerol release in the fat pads (A)
and primary adipocytes (B) was significantly increased in the RRM rats.
Data are expressed as the meantSD of three independent experiments.
°P<0.05 vs sham (n=6).

(CGI-58), a lipid droplet-associated protein that promotes
the hydrolysis of triglycerides by activating ATGL. Therefore,
we measured the abundance of ATGL and CGI-58. As shown
in Figure 3B, the abundance of ATGL remained unchanged in
the visceral white adipose tissue of the RRM rats. Meanwhile,
the abundance of CGI-58 was significantly increased in the
RRM rats compared with the control rats. We then measured
the binding of ATGL to CGI-58, an essential step to enforce
its function. As shown in Figure 3C, the binding of ATGL to
CGI-58 was significantly increased in RRM rats. This finding
suggests that the activation of ATGL under conditions of CKD
was mainly regulated by association with its co-activator.

The activation of protein kinase A (PKA) and mitogen-
activated protein kinase (MAPK)" has been shown to be
involved in the activation of lipolysis signaling, and we there-
fore evaluated the activity of these kinases in the tissue sam-
ples. As shown in Figure 3D1 and 3D2, the phosphorylation
of PKA and MAPK was significantly increased, indicating that
these kinases were activated in CKD.

In summary, lipolysis was increased in visceral white
adipose tissue under the conditions of CKD. Moreover, this
increase was accompanied by increased phosphorylation of

Sham RRM RRM+vehicle RRM+PBA

Body weight (g) 513+11 435+26° 433423 475+28°
Renal function

Plasma creatinine (umol/L) 60+3.8 133+10.2° 132+10.3 125+10.7

BUN (mmol/L) 6.7+1.0 14.242.4° 14.1+2.4 12.6+1.1
Plasma TG (mmol/L) 1.05+0.52 2.45+0.51° 2.37+0.51 1.54+0.33°
Plasma glycerol (umol/L) 1.95+0.32 3.49+0.54° 3.61+0.54 2.62+0.37°¢
Plasma FFAs (mmol/L) 0.52+0.06 1.33+0.17° 1.36+0.19 0.95+0.14°

Data are expressed as mean+SD. n=6. °P<0.01 vs sham. °P<0.05 vs RRM+vehicle. RRM, reduced renal mass; PBA, 4-phenyl butyric acid; BUN, blood

urea nitrogen; TG, triglyceride; FFAs, free fatty acids.
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Figure 3. Activation of HSL, ATGL, PKA and MAPK in visceral white adipose tissue in RRM rats. The activation and abundance of HSL, ATGL, PKA,
and MAPK were determined by Western blotting and immunoprecipitation. The activity of HSL (as detected by phosphorylation form) was significantly
increased (A) in RRM rats. The abundance of ATGL (B) was comparable between control and RRM rats. CGI-58 (B) and the binding of ATGL to CGI-58 (C)
were significantly increased in RRM rats. PKA and MAPK were over-activated in RRM rats (D1 and D2). Data are expressed as the mean+SD of three

independent experiments. °P<0.05 vs sham (n=6).

HSL, binding of ATGL to CGL-58, and expression of CGI-58.

The effect of inhibition of ER stress on lipolysis in white adipose
tissue in RRM rats

To investigate whether inhibition of ER stress alleviated lipol-
ysis in white adipose tissue in CKD rats, we first evaluated
whether ER stress was activated in the tissue. As shown in
Figure 4A1-4A3, several markers of ER stress — phosphoryla-
tion of IRE1la, PERK, and eukaryotic initiation factor (elF) 2a
and expression of 78 kDa glucose-regulated protein (GRP78)
— were significantly increased in RRM rats compared with
sham rats, indicating that ER stress occurred in visceral white
adipose tissue in the setting of CKD. To investigate whether
inhibition of ER stress affected the enhanced lipolysis, we

treated RRM rats with 4-phenyl butyric acid (PBA), a chemi-
cal chaperone that is known to reduce ER stress in vitro and
in vivo™®, Fourteen weeks after surgery, the RRM rats were
divided into the following groups: RRM, RRM+vehicle (phos-
phate buffered saline, PBS), and RRM+PBA (400 ng/kg daily
intragastric administration) for 4 additional weeks. As shown
in Figure 4A1-4A3, the expression of ER stress markers in
the visceral white adipose tissue was completely inhibited by
treatment with PBA. Moreover, the inhibition of ER stress
was associated with a significant reduction in lipolysis (Figure
4B and 4C). To further confirm the inhibitory effect of PBA
treatment on lipolysis, we evaluated the activation of HSL and
ATGL in RRM rats with or without PBA treatment. As shown
in Figure 5A and 5B, treatment with PBA had no effect on the
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Figure 4. The effect of the inhibition of ER stress on lipolysis in visceral white adipose tissue in RRM rats. ER stress markers and lipolysis were
measured in visceral white adipose tissue in sham and RRM rats treated with or without an inhibitor of ER stress. The expression of ER stress markers
was significantly increased in RRM rats (A1-A3). Treatment with PBA, an inhibitor of ER stress, inhibited the expression of these markers (A1-A3).
The inhibition of ER stress led to a significant reduction in glycerol release from the fat pads (B) and primary adipocytes (C). Data are expressed as the
mean+SD of three independent experiments. °P<0.05 vs sham. °P<0.05 vs vehicle-treated group (n=6).

phosphorylation of HSL or the expression of CGI-58 or ATGL.
However, inhibition of ER stress with PBA completely blocked
the binding of ATGL to CGI-58 (Figure 5C).

In summary, the inhibition of ER stress was shown to allevi-
ate lipolysis, mainly by blocking the activation of ATGL.

Discussion
Lipolysis in white adipose tissue, the cleavage of triglycerides
and the release of fatty acids and glycerol play essential roles

not only in lipid and energy homeostasis™ but also in the

development of lipotoxicity and fat redistribution!” >l

. Here,
we have shown that lipolysis is enhanced in the visceral white
adipose tissue in a rat model of CKD. Furthermore, our data
demonstrated that ER stress occurred in the visceral white
adipose tissue and that the inhibition of ER stress alleviated
the enhanced lipolysis in this tissue. Thus, ER stress might
be a potential therapeutic target for metabolic disturbances in
patients with CKD.

White adipocyte dysfunction has been demonstrated under
the conditions of CKD™ ", and previous in vitro studies
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showed that lipolysis was triggered in the micro-environment
of uremia™®. Here, we provided further evidence that lipoly-
sis is increased in visceral white adipose tissue in CKD. The
release of glycerol, a marker of lipolysis, was significantly
increased in cultured fat pads and primary white adipocytes.
In addition, the phosphorylation of HSL and binding of ATGL
to CGI-58 were significantly increased in the tissue samples,
suggesting that the two master enzymes required for lipolysis
were over-activated in this rat model of CKD. In agreement
with our results, fat loss is common in patients with CKD™,
The underlying mechanisms of enhanced lipolysis in vis-
ceral white adipose tissue remain unclear. A large number
of hormonal signaling pathways and lipid droplet-associated
protein factors have been demonstrated to regulate substrate
access and the activity of lipase, and thereby to govern the
lipolysis of white adipose tissue®™ *. Our data showed that
the phosphorylation of HSL and expression of CGI-58 were
increased in the tissue of the RRM rats. Phosphorylation of
HSL is required for the activity of the enzyme and is mainly
regulated by protein kinase A. CGI-58 is localized to lipid
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droplets and potently activates ATGL by approximately
20-fold after interacting with ATGL?!. This information sug-
gests that multiple pathways might be involved in the activa-
tion of HSL and ATGL under conditions of CKD. However,
the detailed mechanism needs further investigation.

ER stress has been demonstrated to trigger lipolysis in cul-
tured adipocytes. We provided several lines of evidence that
ER stress may be an important player in the excessive lipolysis
that occurs in CKD. The ER stress markers measured in this
study were significantly increased, suggesting that ER stress
occurred. Moreover, this finding is in accordance with our
previous studies showing that uremic toxins induce ER stress
in cultured adipocytes™. Because there are several cell types
in white adipose tissue, ER stress may also occur in another
cell types in the tissue. Additionally, the inhibition of ER
stress led to a significant reduction in lipolysis. The inhibition
of ER stress did not affect the phosphorylation of HSL or the
content of HSL, ATGL, or CGI-58. However, treatment with
an ER stress inhibitor completely blocked the binding of ATGL
to CGI-58. This information suggests that ER stress regulates
lipolysis mainly by promoting the interaction of ATGL with
CGI-58 under conditions of CKD. However, the mechanism
of this effect warrants further study. Although lipolysis in
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Figure 5. The effect of the inhibition of ER stress on the activation of
HSL and ATGL. The activation and abundance of HSL and ATGL were
measured in visceral white adipose tissue from sham and RRM rats
treated with or without PBA. Treatment with PBA had no effect on the
activation of HSL (A) or the abundance of AGTL or CGI-58 (B). However,
PBA treatment blocked the binding of ATGL to CGI-58 (C). Data are
expressed as the mean+SD of three independent experiments. °P<0.05
vs sham. °P<0.05 vs vehicle-treated group (n=6).

visceral white adipose tissue was significantly reduced by the
inhibition of ER stress, the level was higher than that under
normal conditions. This finding suggests there are other path-
ways involved in the enhanced lipolysis that occurs under
conditions of CKD.

An increased level of blood triglycerides in CKD has been
well documented. However, potential alterations in the
uptake of free fatty acids and the synthesis of triglycerides
in the liver and muscle under the conditions of CKD and the
effect of lipolysis in fat cells on the circulating level of triglyc-
erides require further study. Moreover, the detailed mecha-
nisms that link lipolysis in white adipose tissue with metabolic
disturbances remain poorly understood. Excess lipolysis in
white adipose tissue can cause lipotoxicity and fat redistribu-
tion and lead to metabolic disturbances; therefore, it is essen-
tial to further examine the detailed mechanisms of enhanced
lipolysis in CKD.

In conclusion, enhanced lipolysis and ER stress occurred
in the visceral white adipose tissue in a rat model of CKD.
Inhibition of ER stress alleriated lipolysis, suggesting that ER
stress is a rational therapeutic target for the metabolic distur-
bances observed in CKD.
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