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Atorvastatin reduces proteinuria

in non-diabetic chronic kidney disease patients

partly via lowering serum levels
of advanced glycation end products (AGEs)

Tsukasa Nakamura,' Eiichi Sato,' Nobuharu Fujiwara,' Yasuhiro Kawagoe,' Masayoshi Takeuchi,? Sayaka Maeda?
and Sho-ichi Yamagishi®*

'Division of Nephrology; Department of Internal Medicine; Shinmatsudo Central General Hospital; Chiba, Japan; 2Department of Pathophysiological Science;
Faculty of Pharmaceutical Science; Hokuriku University; Kanazawa, Ishikawa Japan; *Department of Pathophysiology and Therapeutics of Diabetic Vascular Complications;

Kurume University School of Medicine; Fukuoka, Japan

Key words: CKD, atorvastatin, AGEs, proteinuria

There is accumulating evidence that advanced glycation end products (AGEs) play a role in the development and
progression of chronic kidney disease (CKD). We have previously found that atorvastatin treatment significantly reduces
serum levels of AGEs in type 2 diabetic patients and subjects with non-alcoholic steatohepatitis in a cholesterol lowering-
independent manner. In this study, we examined whether atorvastatin could reduce proteinuria partly via reduction
of serum levels of AGEs in non-diabetic CKD patients. Ten non-diabetic normotensive stage | or Il CKD patients with
dyslipidemia were enrolled. Patients were treated with atorvastatin (10 mg/day) for one year. All subjects underwent
determination of blood chemistries, proteinuria and serum levels of AGEs at baseline and after one year. Atorvastatin
treatment for one year significantly decreased circulating levels of total cholesterol, LDL cholesterol, triglycerides and
AGEs, while it increased HDL cholesterol levels. Further, although atorvastatin treatment did not affect estimated
glomerular filtration rate, it significantly reduced proteinuria. In univariate analyses, proteinuria levels were correlated
with total cholesterol, LDL cholesterol, triglycerides, HDL cholesterol (inversely) and AGEs. Multiple stepwise regression
analysis revealed that AGE level was a sole independent correlate of proteinuria. In this initial examination of the patients
in this study, our present study suggests that atorvastatin could decrease proteinuria in non-diabetic CKD patients with
dyslipidemia partly via reduction of serum levels of AGEs. Atorvastatin may have AGE-lowering effects in CKD patients as
well that could contribute to renoprotective properties of this agent.

Introduction

Dyslipidemia not only contributes to cardiovascular disease
(CVD), but also plays a role in the progression of chronic kidney
disease (CKD)."? Indeed, experimental studies have demonstrated
that lipid deposition elicits pro-inflammatory and pro-fibrotic
reactions in the kidney, thus being involved in CKD."? Further,
several clinical studies have shown that dyslipidemia is associated
with an increased risk for progressive decline of renal function and
that statins ameliorate renal function and/or reduce proteinuria in
patients with CKD.>® Since statins have pleiotropic effects in vivo,’
it is generally thought that statins could protect against the devel-
opment and progression of CKD via both cholesterol lowering-
dependent and -independent manners. However, which cholesterol
lowering-independent variables could be involved in renoprotective
properties of statins in CKD patients is not fully understood.
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Glucose can react non-enzymatically with the amino groups of
proteins to form reversible Schiff bases and then Amadori prod-
ucts.!®! These early glycation products undergo further complex
reactions and rearrangements to become irreversibly cross-linked
fluorescent protein derivatives termed advanced glycation end
products (AGEs).!”!" The formation and accumulation of AGEs
have been known to progress in patients with CKD and/or dia-
betes.”*™ There is a growing body of evidence that AGEs evoke
inflammatory and fibrogenic reactions, thereby contributing to the
development and progression of CKD.!*"® Since we have previously
shown that atorvastatin decreases serum levels of AGEs in type 2
diabetic patients in a cholesterol lowering-independent manner,'
it is conceivable that atorvastatin may exert renoprotective prop-
erties partly via AGE-lowering effects. Therefore, in this study,
we examined whether atorvastatin could reduce proteinuria and
serum levels of AGEs in non-diabetic stage I or II CKD patients.
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Table 1. Clinical variables before and after atorvastatin treatment

Characteristics petos Gl p-value
treatment treatment
Age (years) 36.0+5.8 37.0+5.8
Number (male number) 10 (7) 10 (7)
BMI (kg/m?) 234+20 n.d.
FPG (mg/dl) 88.6 0.2 n.d.
HbA1c (%) 5.0+0.8 n.d.
SBP (mmHg) 126.2 +7.5 124.8 £ 5.3 0.132
DBP (mmHg) 76.6 £5.0 75.2+3.3 0.153
T-chol (mg/dl) 224.0 = 39.7 177.6 £ 15.2 0.012
TG (mg/dl) 166.6 + 12.8 146.8 £ 7.8 <0.001
LDL-C (mg/dl) 1720+ 13.4 105.8 + 154 <0.001
HDL-C (mg/dl) 39.0+3.7 424+26 <0.001
Creatinine (mg/dl) 0.77 £0.06 0.77 £0.06 0.343
eGFR (ml/min) 85.0£9.1 84.7 £ 8.7 0.376
Proteinuria (g/day) 1.13 £0.20 0.79+0.14 <0.001
AGEs (U/ml) 13.2+14 105+ 1.2 <0.001
Data are shown as mean + SD. n.d., not determined.
Table 2. Univariate analyses for determinants of proteinuria
Characteristics B SE p-value
Sex 0.065 0.121 0.786
SBP 0.109 0.009 0.647
DBP -0.056 0.014 0.814
T-chol 0.639 0.001 0.002
TG 0.472 0.003 0.036
LDL-C 0.722 0.001 <0.001
HDL-C -0.576 0.013 0.008
Creatinine -0.025 1.007 0.915
eGFR -0.269 0.006 0.251
AGEs 0.765 0.019 <0.001

Male, 0; Female, 1; B, regression coefficients; SE, standard error.

We further studied here whether AGE-lowering effects of atorv-
astatin are independently correlated to its proteinuria-reducing
properties.

Results

Background of the patients is shown in Table 1. All patients were
normotensive and dyslipidemic. Atorvastatin treatment (10 mg/day)
for one year significantly decreased circulating levels of total cho-
lesterol (T-chol), low-density lipoprotein-cholesterol (LDL-C),
triglycerides (TG) and AGEs, while it increased high-density
lipoprotein-cholesterol (HDL-C) levels. Further, atorvastatin
treatment significantly reduced urinary protein excretion levels,
although it did not affect systolic blood pressure (SBP), diastolic
blood pressure (DPB), serum levels of creatinine or estimated
glomerular filtration rate (eGFR). As shown in Table 2, in uni-
variate analyses, proteinuria levels were correlated with T-chol,
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LDL-C, TG, HDL-C (inversely) and AGEs. Because these
parameters could be closely correlated with each other, to deter-
mine independent determinants of proteinuria levels, multiple
stepwise regression analysis was performed. This analysis showed
that only AGE value (p < 0.001) was independently correlated
with urinary protein excretion levels (R? = 0.585).

Discussion

In this study, we demonstrated for the first time that atorvastatin
treatment for one year significantly decreased proteinuria and
serum levels of AGEs in non-diabetic early stage CKD patients
with dyslipidemia. Since in multiple stepwise regression analysis,
AGE level was a sole independent correlate of proteinuria in our
subjects, the present study suggests that atorvastatin could exert
renoprotective properties in stage I or II CKD patients partly via
reducing serum levels of AGEs.

We have previously found that 10 mg atorvastatin treatment
significantly reduces circulating levels of AGEs in both type 2
diabetic patients and non-alcoholic steatohepatitis subjects in
cholesterol- and glucose-lowering-independent manners.'*" So,
the present findings have extended the previous observations;
atorvastatin treatment could decrease serum levels of AGEs in
non-diabetic CKD patients as well. In this study, we limited our
analysis to non-diabetic CKD patients without anti-hypertensive
drugs such as angiotensin II type 1 receptor blockers because (1)
it is well known that serum levels of AGEs are elevated in dia-
betic patients and could be affected by cumulative hyperglycemic
burden’*?

sin system may reduce circulating levels of AGEs in humans.?

and (2) treatments with inhibitors of renin-angioten-

Therefore, it is unlikely that these factors could confound our
present results.

There is accumulating evidence that AGEs play a role in
the development and progression of CKD in both animal
models and humans.'>'¥?1"2* Indeed, an inhibitor of AGE for-
mation, aminoguanidine treatment was reported to reduce
urinary albumin excretion levels and prevent the development
of mesangial expansion in streptozocin-induced diabetic rats.!
Furthermore, aminoguanidine treatment was found to prevent
albuminuria in diabetic hypertensive rats without affecting
blood pressure (BP) levels.?? In addition, a double-blinded, pla-
cebo-controlled, randomized clinical trial of aminoguanidine
(Pimagedine®) revealed that Pimagedine® therapy reduced the
24 hour total proteinuria levels and prevented the decrease in
eGFR in patients with type 1 diabetes.”? These observations
further support the concept that atorvastain could exert ben-
eficial effects in our CKD patients partly via reducing serum
levels of AGEs.

Proteinuria is not merely a biomarker for the progression
of CKD, but also a mediator of this devastating disorder.?*
Further, proteinuria is a strong and independent indicator of
CVD in CKD patients as well.?® These observations suggest
that AGEs and proteinuria were correlated with each other, thus
being involved in CVD and CKD. Reduction of serum levels of
AGEs and proteinuria with atorvastatin may be a novel thera-
peutic strategy for the prevention of CVD and CKD.
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In this study, we did not know how atorvastatin decreased
serum levels of AGEs in our subjects. However, oxidative stress
participates in the formation of AGEs,” and hydroxyl metabolites
of atorvastatin have been shown to have anti-oxidative proper-
ties.”” Atorvastatin may reduce serum AGE levels via its anti-oxi-
dative property, which could partly explain the cardioprotective

actions of this agent.?®?

Limitations

Because the number of subjects in the present study is small, it
could not have enough statistical power to totally exclude the
possibility that atorvastatin decreased proteinuria and serum
levels of AGEs partly via lipid-lowering properties. Further large
clinical study is needed to elucidate whether reduction of circu-
lating levels of AGEs by atorvastatin could be mechanistically
related to renal protection in non-diabetic CKD patients. In
addition, although all patients received salt restriction (<5 g/day
NaCl) during the treatment period, differences in daily sodium
intake during the treatment period may interfere with the present
results because high salt intake is associated with oxidative stress
generation in experimental animals.*

Research Design and Methods

Subjects. Ten non-diabetic stage I or II CKD patients with
dyslipidemia (T-chol) > 220 mg/dL, LDL-C > 140 mg/dL, 150
< TG < 400 mg/dL or HDL-C < 40 mg/dL) (7 males and 3
females, IgA nephropathy n = 7, non-IgA type proliferative glo-
merulonephritis n = 3, mean age; 36.0 + 5.8 years) were enrolled
in the present study. All patients were normotensive (BP was less
than 130/80 mmHg) and none of them received anti-hyperten-
sive drugs such as angiotensin-converting enzyme inhibitors and
angiotensin II type 1 receptor blockers. We excluded any patients
with chronic pulmonary diseases, liver diseases, neoplastic dis-
orders, and those who had recent (<6 months) acute coronary
syndromes, stroke and any acute infections. Patients whose age

was younger than 20 years old, whose serum creatinine level
more than 1.5 mg/dL, whose proteinuria more than 3.0 g/day
were also excluded. To control dyslipidemia, all patients received
atorvastatin (10 mg once daily), but not other anti-dyslipidemic
drugs, for 12 months. Further, all patients received salt restriction
(<5 g/day NaCl). The study protocol was approved by the local
ethical committee of Shinmatsudo Central General Hospital, and
informed consent was obtained from all study participants. The
study complied with the principles of the Helsinki Declaration.

Data collection. BP was measured in the sitting position
twice after 2 minutes of rest using an upright standard sphyg-
momanometer. Mean value of blood pressures was used for
analysis. Renal function was evaluated by serum creatinine lev-
els and eGFR according to the Modification of Diet in Renal
Disease (MDRD) equation modified for the Japanese popula-
tion.'* Serum levels of T-chol, TG and HDL-C were measured
enzymatically at Shinmatsudo Central General Hospital. LDL-C
level was calculated using Friedewald’s formula. Serum levels of
AGEs were measured with an enzyme-linked immunosorbent
assay as described previously.'>" In this study, 1 U of AGEs cor-
responds to 1 pg of glyceraldehyde-derived AGE-bovine serum
albumin as described previously.'>"

Statistical methods. Data were expressed as mean + stan-
dard deviation (SD). To compare the parameters, we used the
Wilcoxon signed-rank test. A correlation between proteinuria
and other clinical variables was determined by a linear regression
analysis. To determine independent determinants of proteinuria,
multiple stepwise regression analysis was performed. Statistical
significance was defined as p < 0.05. All statistical analyses were
performed with the use of the SPSS system (SPSS Japan Inc.,
IBM company, Tokyo, Japan).

Acknowledgements

This work was supported in part by Grants of Collaboration with
Venture Companies Project from the Ministry of Education,
Culture, Sports, Science and Technology, Japan (S.Y.). There are
no conflicts of interest to disclose in this paper.

References

Romayne Kurukulasuriya L, Athappan G, Saab G,
Whaley Connell A, Sowers JR. HMG CoA reductase

7. Sinzinger H, Kritz H, Furberg CD. Atorvastatin 13.

reduces microalbuminuria in patients with familial
hypercholesterolemia and normal glucose tolerance.

Med Sci Monit 2003; 9:88-92.

Jinnouchi Y, Yamagishi S, Takeuchi M, Ishida §,
Jinnouchi Y, Jinnouchi J, et al. Atorvastatin decreas-
es serum levels of advanced glycation end products

(AGESs) in patients with type 2 diabetes. Clin Exp Med

inhibitors and renoprotection: the weight of the evi- g pyemi M, Allegra A, Corica E, Aloisi C, Giacobbe M, 2006; 6:191-3.
dence. Ther Adv Cardiovasc Dis 2007; 1:49-59. Pettinato G, et al. Effect of fluvastatin on proteinuria ~ 14. Nakamura T, Sato E, Fujiwara N, Kawagoe Y, Ueda
2. Agarwal R. Effects of statins on renal function. Mayo in patients with immunoglobulin A nephropathy. Clin Y, Suzuki T, et al. Positive association of serum levels
Clin Proc 2007; 82:1381-90. Pharmacol Ther 2000; 67:427-31. of advanced glycation end products and high mobility
3. Samuelsson O, Mulec H, Knight-Gibson C, Attman 9. Yamagishi S, Matsui T, Nakamura K. Atorvastatin and group box-1 with asymmetric dimethylarginine in non-
PO, Kron B, Larsson R, et al. Lipoprotein abnor- diabetic vascular complications. Curr Pharm Des 2006; diabetic chronic kidney disease patients. Metabolism
malities are associated with increased rate of progression 12:1549-54. 2009; 58:1624-8.
of human chronic renal insufficiency. Nephrol Dial 10 Viassara H, Bucala R, Striker L. Pathogenic effects  15. Semba RD, Fink JC, Sun K, Windham BG, Ferrucci
Transplant 1997; 12:1908-15. of advanced glycosylation: biochemical, biologic and L. Serum carboxymethyl-lysine, a dominant advanced
4. Shepherd ], Kastelein JJ, Bittmer V, Deedwania P, clinical implications for diabetes and aging. Lab Invest glycation end product, is associated with chronic kid-
Breazna A, Dobson S, et al. Effect of intensive lipid 1994; 70:138-51. ney disease: the Baltimore longitudinal study of aging.
lowering with atorvastatin on renal function in patients 11. Brownlee M. Advanced protein glycosylation in diabe- J Ren Nutr 20105 20:74-81.
with coronary heart disease: the Treating to New tes and aging. Ann Rev Med 1995; 46:223-34. 16. Yamagishi S, Imaizumi T. Diabetic vascular complica-
Targets (TNT) study. Clin ] Am Soc Nephrol 20073 12. Nakamura K, Yamagishi S, Matsui T, Adachi H, tions: pathophysiology, biochemical basis and potential
2:1131-9. Takeuchi M, Imaizumi T. Serum levels of soluble therapeutic strategy. Curr Pharm Des 2005; 11:2279-99.
5. Fried LE Effects of HMG-CoA reductase inhibitors form of receptor for advanced glycation end products  17. Yamagishi S, Marsui T. Advanced glycation end prod-
(statins) on progression of kidney disease. Kidney Int (sRAGE) are correlated with AGEs in both diabetic and ucts (AGEs), oxidative stress and diabetic nephropathy.
2008; 74:571-6. non-diabetic subjects. Clin Exp Med 2007; 7:188-90. Oxid Med Cell Longev 2010; 3:1-8.
6. Ozsoy RC, Koopman MG, Kastelein JJ, Arisz L. The
acute effect of atorvastatin on proteinuria in patients
with chronic glomerulonephritis. Clin Nephrol 2005;
63:245-9.
306 Oxidative Medicine and Cellular Longevity Volume 3 Issue 5



20.

21.

Yamagishi S, Nakamura K, Matsui T, Ueda S, Fukami
K, Okuda S. Agents that block advanced glycation end
product (AGE)-RAGE (receptor for AGEs)-oxidative
stress system: a novel therapeutic strategy for diabetic
vascular complications. Expert Opin Investig Drugs
2008; 17:983-96.

Kimura Y, Hyogo H, Yamagishi S, Takeuchi M,
Ishitobi T, Nabeshima Y, et al. Atorvastatin decreases
serum levels of advanced glycation endproducts (AGEs)
in nonalcoholic steatohepatitis (NASH) patients with
dyslipidemia: clinical usefulness of AGEs as a bio-
marker for the attenuation of NASH. J Gastorenterol
2010; 45:750-7.

Yamagishi S, Nakamura K, Matsui T. Potential utility
of telmisartan, an angiotensin IT type 1 receptor blocker
with peroxisome proliferator-activated receptor-gamma
(PPAR-gamma)-modulating activity for the treatment
of cardiometabolic disorders. Curr Mol Med 2007;
7:463-9.

Soulis-Liparota T, Cooper M, Papazoglou D, Clarke B,
Jerums G. Retardation by aminoguanidine of develop-
ment of albuminuria, mesangial expansion and tis-
sue fluorescence in streptozocin-induced diabetic rat.

Diabetes 1991; 40:1328-34.

www.landesbioscience.com

22.

23.

24.

25.

26.

Edelstein D, Brownlee M. Aminoguanidine ameliorates
albuminuria in diabetic hypertensive rats. Diabetologia
1992; 35:96-7.

Bolton WK, Cattran DC, Williams ME, Adler SG,
Appel GB, Cartwright K, et al. Randomized trial of
an inhibitor of formation of advanced glycation end
products in diabetic nephropathy. Am J Nephrol 2004;
24:32-40.

Burton C, Harris KP. The role of proteinuria in the
progression of chronic renal failure. Am J Kidney Dis
1996; 27:765-75.

D’Amico G, Bazzi C. Pathophysiology of proteinuria.
Kidney Int 2003; 63:809-25.

Go AS, Chertow GM, Fan D, McCulloch CE, Hsu
CY. Chronic kidney disease and the risks of death, car-
diovascular events and hospitalization. N Engl ] Med
2004; 351:1296-305.

Oxidative Medicine and Cellular Longevity

27.

28.

29.

30.

Aviram M, Rosenblat M, Bisgaier CL, Newton RS.
Atorvastatin and gemfibrozil metabolites, but not the
parent drugs, are potent antioxidants against lipopro-
tein oxidation. Atherosclerosis 1998; 138:271-80.
Elahi MM, Kong YX, Matata BM. Oxidative stress as
a mediator of cardiovascular disease. Oxid Med Cell
Longev 2009; 2:259-69.

Tahara N, Imaizumi T, Takeuchi M, Yamagishi S.
Insulin resistance is an independent correlate of high
serum levels of advanced glycation end products
(AGEs) and low testosterone in non-diabetic men.
Oxid Med Cell Longev 20105 3:262-5.

Tojo A, Kimoto M, Wilcox CS. Renal expression of
constitutive NOS and DDAH: separate effects of salt
intake and angiotensin. Kidney Int 2000; 58:2075-83.

307



