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Low-protein diet supplemented with ketoacids
reduces the severity of renal disease in 5/6
nephrectomized rats: a role for KLF15
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Dietary protein restriction is an important treatment for

chronic kidney disease. Herein, we tested the effect of

low-protein or low-protein plus ketoacids (KA) diet in a

remnant kidney model. Rats with a remnant kidney were

randomized to receive normal protein diet (22%), low-protein

(6%) diet (LPD), or low-protein (5%) plus KA (1%) diet for

6 months. Protein restriction prevented proteinuria,

decreased blood urea nitrogen levels, and renal lesions;

however, the LPD retarded growth and decreased serum

albumin levels. Supplementation with KA corrected these

abnormalities and provided superior renal protection

compared with protein restriction alone. The levels of

Kruppel-like factor-15 (KLF15), a transcription factor shown to

reduce cardiac fibrosis, were decreased in remnant kidneys.

Protein restriction, which increased KLF15 levels in the

normal kidney, partially recovered the levels of KLF15 in

remnant kidney. The expression of KLF15 in mesangial cells

was repressed by oxidative stress, transforming growth

factor-b, and tumor necrosis factor (TNF)-a. The suppressive

effect of TNF-a on KLF15 expression was mediated by TNF

receptor-1 and nuclear factor-jB. Overexpression of KLF15 in

mesangial and HEK293 cells significantly decreased

fibronectin and type IV collagen mRNA levels. Furthermore,

KLF15 knockout mice developed glomerulosclerosis

following uninephrectomy. Thus, KLF15 may be an

antifibrotic factor in the kidney, and its decreased expression

may contribute to the progression of kidney disease.
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Restriction of dietary protein intake remains a common
practice for patients with chronic renal failure, although the
results from the MDRD (modification of diet in renal
disease) study are inconclusive.1 Overall, data from both
clinical and experimental studies suggest a beneficial effect of
a low-protein diet (LPD) on chronic kidney disease
(CKD).1–4 The mechanism(s) by which a LPD slows down
the progression of CKD are unknown. However, it is clear
that restriction of dietary protein intake reduces the
metabolic burden, especially the levels of urea nitrogen.4

Additionally, treatment of 5/6 nephrectomized rats, a model
of progressive CKD, with a LPD has been shown to preserve
the antioxidant capacity and decrease the levels of oxidative
stress in the remnant kidney.3 As decreased protein synthesis
because of insufficient amino-acid supply and malnutrition is
a concern for long-term protein restriction, ketoacids (KA),
a nitrogen-free substitution for the essential amino acids,
have been prescribed together with a LPD to patients with
advanced CKD.5,6 Nitrogen-free branched-chain KA are
equally efficient as their counterpart of essential amino acids
in protein synthesis.7 Furthermore, branched-chain KA have
been reported to inhibit renal gluconeogenesis and increase
liver albumin synthesis.7 In this study, we evaluated the effect
of a LPD with or without supplementation of KA on a
remnant kidney model.

Renal fibrosis, a result of extracellular matrix accumu-
lation in glomeruli and tubulointerstitium, is a hallmark
of progressive CKD.8 Multiple factors, such as chronic
inflammation, transforming growth factor-b (TGF-b),
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hemodynamic changes, and oxidative stress, have been
implicated in the development and progression of renal
fibrosis.9,10 Kruppel-like factors (KLFs) are a subclass of the
cys2/his2 zinc-finger family of transcriptional regulators.11,12

Thus far, 17 members of KLF have been identified and shown
to be key regulators in cell growth and differentiation,
inflammation, and metabolism.11,12 KLF15 was isolated and
cloned independently by two groups.13,14 KLF15 is expressed
abundantly in the kidney and liver, and has thus far been
identified as a regulator of gluconeogenesis, the cardio-
vascular response to stress, and adipocyte differentiation.13–17

As the levels of type I collagen transcription and the activity
of connective tissue growth factor promoter were decreased
by KLF15, KLF15 may also regulate the expression of
extracellular matrix.13,15,18 Here, we examine the level of
KLF15 expression in the remnant kidney. We found that
KLF15 expression was significantly decreased in remnant
versus normal kidney, and we explored the factor(s) that
might contribute to reduced KLF15 expression. Finally, we
examined the effects of altered KLF15 expression on the
production of extracellular matrix in mesangial cells and on
the development of renal fibrosis.

RESULTS
General

Body weight increased progressively in normal rats from 2 to
8 months of age (Figure 1a). There was no difference in the
growth curve between normal rats and 5/6 nephrectomized
rats fed with normal protein diet (NPD). Dietary protein
restriction significantly slowed down animal growth. At the
age of 8 months, the body weight of the rats in LPD group
was 466.3±35 g, which was lower than that of the animals in
NPD group (664.8±42 g, Po0.01). The loss of weight gain
was partially corrected by KA supplementation.

Serum albumin levels were significantly decreased in 5/6
nephrectomized rats in NPD group, and also low in 5/6
nephrectomized rats in LPD group (Figure 1b). Addition of
KA to the LPD prevented serum albumin from decreasing.

Proteinuria and renal function

Urinary protein excretion increased progressively in 5/6
nephrectomized rats in NPD group (Figure 2a). Dietary
protein restriction completely prevented the progression
of proteinuria. The effect was retained in animals fed with a
low-protein plus KA. Blood urea nitrogen levels were elevated
in NPD-fed rats after 6 months of 5/6 nephrectomy, and
was normal in LPD- and LPD supplemented with KA
(LPDþKA)-fed 5/6 nephrectomized rats (Figure 2b). How-
ever, dietary protein restriction with or without KA did not
reduce the increased serum creatinine levels in 5/6 nephrec-
tomized rats (Figure 2c).

Renal histology and extracellular matrix

Renal histology was normal in age-matched normal controls
(Figure 3a). There was a moderate expansion of mesangial
area and an increase in thickness of membranes of Bowman’s

capsules in glomeruli of NPD-fed 5/6 nephrectomized rats.
Severe tubulointerstitial lesions, including tubular atrophy,
dilatation, increased thickness of tubular basement mem-
branes, and fibrosis, were present in NPD-fed 5/6 nephrecto-
mized rats. Masson’s trichrome staining revealed intensive
interstitial fibrosis and extensive inflammatory cell infiltra-
tion in this group (Figure 3b). Restriction of dietary protein
intake decreased glomerular lesions and, more prominently,
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Figure 1 | General data of rats. Body weight (a) and serum
albumin levels (b) of control and 5/6 nephrectomized rats fed with
NPD, LPD, or LPDþ KA. Data are expressed as means±s.d.
*Po0.05, **Po0.01 versus LPD, or LPDþ KA; and ##Po0.01 versus
LPD; Po0.05 versus control or LPDþ KA. LPD, low-protein diet;
LPDþ KA, low-protein diet supplemented with ketoacids; NPD,
normal protein diet.
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Figure 2 | Renal function. Proteinuria (a), BUN (b), and Scr (c)
levels of control and 5/6 nephrectomized rats fed with NPD, LPD,
or LPDþ KA. Data are expressed as means±s.d. *Po0.05 versus
LPD or LPDþ KA; ##Po0.01 versus the other three groups; and

Po0.05 versus LPDþ KA. BUN, blood urea nitrogen; LPD, low-
protein diet; LPDþ KA, low-protein diet supplemented with
ketoacids; NPD, normal protein diet; Scr, serum creatinine.

988 Kidney International (2011) 79, 987–996

o r i g i n a l a r t i c l e X Gao et al.: Low-protein diet supplemented with ketoacids



Download	English	Version:

https://daneshyari.com/en/article/3883534

Download	Persian	Version:

https://daneshyari.com/article/3883534

Daneshyari.com

https://daneshyari.com/en/article/3883534
https://daneshyari.com/article/3883534
https://daneshyari.com/

