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proteins

Dysregulated lipid profile with hypertriglyceridemia and increased low-density lipoprotein (LDL) is common in
chronic kidney disease (CKD) whereas the reason is unclear. A similar phenomenon is found in the elder population.
Silent information regulator-1 (SIRT1) associates with many modulators regulating lipid metabolism and results in
increased expression of sterol requlatory element-binding proteins (SREBPs), which functions as a key modulator in
lipid synthesis. Since CKD is being viewed as a premature aging model and SIRT1 is known to decrease during the
process of aging, we hypothesize that SIRT1 level is reduced in the liver when CKD develops and eventually result in
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Background

Chronic kidney disease (CKD) impacts 11-13% of gen-
eral population [1]. Dyslipidemia is common in CKD and
it develops during the early stages of CKD [2]. The pri-
mary finding of lipid profiles in CKD patients is hyper-
triglyceridemia [3]. Epidemiological studies also revealed
the increased LDL cholesterol in CKD [4, 5]. The simi-
lar lipid profile is characterized in the elder population
[6] and is associated with increased risk of myocardial
infarction, ischemic heart disease, and death [7]. So far,
the preponderance of hypertriglyceridemia and elevated
LDL in CKD has not been well elucidated.

CKD is increasingly being viewed as a premature aging
model [8, 9]. The uremic phenotype is characterized by
many features of aging, such as atherosclerosis, osteopo-
rosis, inflammation, oxidative stress, insulin resistance,
frailty, skin atrophy, and cognitive dysfunction [10, 11]. It
is not surprising to find the similarity in the lipid profile
in both CKD and elder population.
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Hypothesis

The circulating lipid levels are determined by the balance
between their synthesis and clearance. The synthesis of
triglyceride (TG) and cholesterols are regulated by a com-
mon family of sterol regulatory element-binding proteins
(SREBPs): SREBP-1a, SREBP-1c, and SREBP-2. SREBP-
1c is the predominant isoform in human liver and is the
key modulator of TG synthesis [12]. De novo synthesis of
TG from dietary carbohydrates occurs in the liver, where
TG is packaged as very-low-density lipoprotein cho-
lesterol. SREBP-1c regulates TG and fatty acid synthe-
sis, while peroxisome proliferator-activated receptor-a
(PPAR«), another lipid modulator, stimulates fatty acid
B-oxidation. Increased SREBP-1c and decreased PPAR«
promote net TG synthesis. Meanwhile, lipases hydrolyze
TG, serve them as an energy source or store them in adi-
pose tissues, therefore clear TG from circulation. Choles-
terol biosynthesis is mainly regulated by SREBP-2, which
is also highly expressed in the liver [13]. Mature SREBP-2
modulates 3-hydroxy-3-methylglutaryl-CoA reductase
(HMGCR), the rate-limiting enzyme in cholesterol syn-
thesis [14, 15]. Cholesterol converts into bile acids (BAs)
in the mammalian liver while cholesterol 7 a-hydroxylase
(CYP7A1) catalyzes at the rate-controlling step in this
process [16]. BAs are important metabolic regulators and
signaling molecules that control lipid homeostasis [17,
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18]. Two explanations exist regarding the relationship
between BAs and lipid synthesis. At the metabolite level,
BAs synthesis reduces hepatic cholesterol/oxysterol lev-
els and stimulates de novo cholesterol synthesis to pro-
vide substrates for CYP7A1 [17]. Decreased intracellular
oxysterol level stimulate SREBPs and by whose activa-
tion, TG and cholesterol synthesis are stimulated. At the
transcriptional level, BAs can stimulate the farnesoid X
receptor (FXR) and induce the expression of short het-
erodimer partner (SHP). SHP then inhibits the activ-
ity of liver X receptor (LXR) and eventually represses
SREBPs and CYP7A1 expression [19, 20]. Furthermore,
liver-intestine crosstalk via fibroblast growth factor 15/19
(FGF15/19) exists. BAs stimulate the intestine expres-
sion of FGF15/19. FGF15/19 acts on hepatocytes and
represses CYP7A1l [21] and SREBPs [22], resulting in
decreased BAs and lipid synthesis.

In CKD animal models, there is evidence for increased
expression of SREBPs in liver tissue [13, 23], which
accounts for increased TG and cholesterol. However,
the higher SREBPs expression is not driven by elevated
BAs synthesis in CKD. Several studies have reported that
hepatic CYP7A1 activity is virtually identical in chronic
renal failure (CRF) rats and healthy controls [24—26], and
BAs production rate is intact as well [26]. Since the con-
tribution of the CYP7A1 pathway to stimulate SREBPs in
CKD appears to be minor, the FXR-SHP-SREBPs regu-
latory cascade may be an important mechanism linking
BAs and lipid synthesis in CKD. FXR agonist GW4064
can decrease lipid levels while Fxr/~ mice show
decreased expression of SHP and increased lipid levels in
both serum and liver [27]. Increased SREBPs expression
in CKD may due to decreased FXR-SHP activity.

Silent information regulator-1 (SIRT1) is one of the
mammals dominant sirtuins, which are a group of NAD-
dependent deacetylases linked to cellular energy metabo-
lism and the redox state through multiple signaling and
survival pathways. SIRT1 is decreased in both transcrip-
tional and posttranscriptional conditions during aging
[28]. It is related to longevity, cellular protection, regula-
tion of energy metabolism [29], as well as lipids metab-
olism [30]. In the kidney, SIRT1 may inhibit renal cell
apoptosis, inflammation, and fibrosis [31]. The decreased
kidney SIRT1 level is associated with deteriorated kidney
function,and the upregulation of SIRT1 demonstrates
renoprotection [32—34]. Diabetic nephropathy is one of
the leading causes of CKD, in which the role of SIRT1
has been more intensively studied. Diabetic rat model
showed lower renal SIRT1 expression and less creati-
nine clearance rate [35]. Serum SIRT1 levels in diabetic
nephropathy patients are also decreased significantly
[36]. However, SIRT1 levels in organs other than kidney
in CKD condition has not been well investigated. We
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hypothesize that SIRT1 level is reduced in liver when
CKD develops and eventually result in altered lipid
profile.

Researchers have revealed the influence of SIRT1 on
various important modulators in lipid regulation. SIRT1
deacetylates SREBP-1 and SREBP-2 and then destabilizes
their activities [30, 37], resulting in decreased TG and
cholesterol synthesis. SIRT1 can directly deacetylate FXR
and the down-regulation of hepatic SIRT1 increases FXR
acetylation, which inhibits its transcriptional activity [38,
39]. SIRT1 also interacts with other modulators in lipid
metabolism, including LXR, PPARa, and PPARY coac-
tivator la (PGC-la), a transcription co-factor known
to activate PPAR« [40, 41]. SIRT1 deacetylates LXR and
subsequently promotes its degradation upon ligand bind-
ing [42]. Evidence showed that Sirtl knockout animals
have increased hepatic LXR protein [42]. SIRT1 activates
PGC-1la and consequently stimulates PPAR«, therefore
facilitates fatty acid f-oxidation [40]. Increased LXR and
decreased PPARa levels result in a higher level of lipids.
Hepatocyte-specific deletion of Sirtl in mice demon-
strated altered fatty acid and lipid metabolism which led
to hepatic steatosis [43].

Furthermore, SIRT1 deacetylates transcription fac-
tors forkhead box O (FOXO), which also downregulates
cholesterol synthesis. FOXO1 can specifically recognize
insulin response element (IRE) sequence in the SREBP-2
promoter region, and negatively regulate the transcrip-
tional level of SREBP-2 [14]. Foxol knockout mice were
observed with increased expression of fatty acids and
LDL [44]. A recent study also unveiled its regulatory fac-
tor in BAs metabolism. Liver-specific Foxol knockout
mice revealed that FOXOL1 is required for expression of
a subset of BAs synthesis genes and loss of hepatic Foxol
results in an unusual BAs profile that impairs the ability
of FXR to reduce TG and cholesterol [45].

Stimulating SIRT1 level can ameliorate lipid profiles.
Nicotinic acid, one precursor of NAD + which increases
cellular NAD +levels and SIRT1 activity [46], has been
used as a lipid-lowering regimen [47]. Calorie restriction
(CR) is another way to boost SIRT1. CR delays the onset
of various aging-related metabolic and cardiovascular
disorders [48] and it is proven to lower TG and choles-
terol level in a human study [49].

Conclusion

In conclusion, we hypothesize that SIRT1 plays an impor-
tant role in lipid metabolism and that decreased SIRT1
level would result in altered lipid profile in CKD. During
aging, SIRT1 level decreases in different tissues. Since
CKD is being viewed as an aging model, our hypothesis
is that tissue SIRT1 level is reduced in the liver when
CKD develops, and subsequently disrupts the expression
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Fig. 1 The key pathways and target genes of the SIRT1 concerning cholesterol, fatty acids, bile acid, and triglyceride homeostasis. Decreased SIRT1
eventually promotes triglyceride, fatty acid, and cholesterol synthesis, whereas represses fatty acid beta-oxidation. As a result, the lipid profiles alter

of PPARa, PGCla, FXR, LXR, and FOXO, increase the
expression of SREBPs, and eventually result in altered
lipids profiles. Insufficient expression of FXR impairs
FXR-SHP pathway in the liver, as well as FXR-FGF15/19
feedback in the intestine. And therefore, BAs synthesis
is not repressed by FXR-SHP-CYP7A1 cascade in CKD
while dyslipidemia is presented (Fig.1).

How to evaluate this hypothesis

To evaluate this hypothesis, the most important link
would be the findings of decreased SIRT1 level in CKD.
First, we will investigate the CKD mice models. By set-
ting 5/6 kidney nephrectomy and adenine-induced
CKD models, we will compare SIRT1 mRNA and pro-
tein levels in different tissues between CKD mice and
healthy controls. The downstream lipid modulators of
SIRT1 and lipid profiles would also be compared. If the
reverse correlation of SIRT1 and renal function would
be revealed, we will further verify it in human studies.
A study can be designed by including patients under-
going liver surgeries with matched age and sex and
then correlate serum/tissue SIRT1 levels with serum

creatinine. If serum SIRT1 levels were positively corre-
lated with hepatic ones whereas both SIRT1 levels neg-
atively correlated with creatinine, we will take serum
SIRT1 levels as surrogates to indicate hepatic SIRT1
and finally compare serum SIRT1 levels and lipid pro-
files in early and advanced CKD patients.
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