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Abstract

Background: Elevated advanced glycation end products (AGE) in diabetes mellitus (DM) are
implicated in the progression of DM-associated tissue injury, including diabetic nephropathy. The
intrarenal renin-angiotensin system, in particular augmentation of angiotensinogen (AGT) in
proximal tubular cells (PTC), plays a crucial role in the development of diabetic nephropathy. This
study investigated hypothesis that AGE stimulates AGT production in PTC.

Materials and Methods: Urinary AGT and AGE levels in streptozotocin-induced DM mice
were measured by enzyme-linked immunosorbent assays. AGT expression and secretion were
evaluated in cultured rat PTC receiving 0-200 pg/ml AGE-BSA treatments for 24 hours.
Furthermore, intracellular signaling pathways activated by AGE were elucidated.

Results: DM mice exhibited greater urinary AGT and AGE levels compared to control mice
(AGT: 21.6 £ 5.5 ng/day vs. 190.1 + 57.8 ng/day, AGE: 139.1 + 21.6 pg/day vs. 332.8 + 102.7 ug/
day). In cultured PTC, treatment with AGE-BSA enhanced AGT mRNA expression (3.43 + 0.11-
fold compared to control), intracellular AGT protein levels (3.60 + 0.38-fold), and secreted AGT
levels (2.11 + 0.18-fold). On the other hand, AGT levels were not altered in PTC receiving
nonglycated BSA. Recombinant soluble AGE receptor, which competes with endogenous AGE
receptor, diminished the AGE-induced AGT upregulation, suggesting that AGE-BSA stimulates
AGT expression via activation of the AGE receptor. Enhanced phosphorylation of ERKYz and c-
Jun, but not p38 MAP kinase, were observed in AGE-BSA-treated PTC. AGE-induced AGT
augmentation was attenuated by an ERK inhibitor.

Conclusions: The findings indicate that AGE enhances proximal tubular AGT expression via
ERKZ1/2, which can exacerbate the development of diabetic related kidney injury.
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INTRODUCTION

Both type-1 and -2 diabetes mellitus (DM) are common diseases with increasing prevalence
that often lead to the development of kidney injury and diabetic nephropathy with
consequent end-stage renal disease. About one-third of all patients with DM develop
nephropathy, with type-1 DM patients at greater risk for its development.1-2 Excessive
generation of reactive oxygen species (ROS) and activation of inflammatory responses under
hyperglycemic conditions are major contributors to DM related kidney injury and other
complications.3 In addition to these pathologic factors, elevated advanced glycation end
products (AGE) contribute to tissue injury in DM.> AGEs are produced when sugars react
with proteins via the formation of Schiff bases and Amadori products. This reaction is
strongly enhanced in DM.® The binding of AGE to their receptors (RAGE) activates various
signal transducers including intracellular ROS,’ Janus kinase 2,8 protein kinase C,° p38
mitogen-activated protein kinase (p38 MAPK),10 and extracellular signal-regulated kinases
1/2 (ERK 1/2),11 thus, mediating activation of signal transducer and activator of
transcription 1 and 3 (STAT3),8:12 NF-xB,13 and activator protein 1 (AP-1) formed by c-
Jun/c-Fos complex.1* Activated RAGE signaling pathways augment transcripts of
pathophysiological factors and promote the development of tissue injury in DM. Indeed,
diabetic nephropathy is exacerbated in RAGE-overex-pressed DM mice and ameliorated by
RAGE inhibition,1® indicating involvement of the AGE-RAGE axis in the development of
kidney damage in DM.

In DM, inappropriate activation of the intrarenal renin-angiotensin system (RAS), which
augments intrarenal angiotensin 11 levels, leads to elevated sodium retention and increased
arterial pressure and tissue injury. A key factor in the activation of the intrarenal RAS is
stimulation of renal proximal tubular angiotensinogen (AGT), which is the precursor of
angiotensin peptides.1® In animal models of both type-1 and type-2 DM, hyperglycemia is
accompanied by elevated intrarenal AGT and urinary AGT levels.1’-1° Immunohistologic
analyses demonstrated that augmentation of AGT was observed mainly in proximal tubules
in the kidneys of DM models. Furthermore, direct treatment of rat renal proximal tubular
cells (PTC) with high glucose results in elevated ROS generation and consequent stimulation
of AGT production,2° indicating that high glucose-induced oxidative stress stimulates
intrarenal AGT production during the development of diabetic nephropathy.

The 5" flanking region of AGT and molecular mechanisms underlying regulation of AGT
expression via its promoter have been well delineated. Many transcription factors, which are
activated by AGE-RAGE pathway, including STAT1, STAT3, NF-xB and AP-1 have been
shown to bind to AGT promoter and accelerate AGT expression.21~24 These molecular
biological characteristics suggest that not only high glucose, but also elevated AGE, can
stimulate AGT expression via RAGE signaling pathways in PTC under diabetic conditions,
augmenting intrarenal angiotensin Il formation and leading to the progression of kidney
injury. However, the effects of AGE/RAGE pathway on AGT regulation in PTC have not
been demonstrated. Therefore, the present study tested the hypothesis that AGE increases
AGT production in PTC and elucidated the signaling pathways.
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MATERIALS AND METHODS

Animals and Tissue Samples

Cell Culture

Antibodies

All protocols were evaluated and approved by the Tulane University Institutional Animal
Care and Use Committee and conformed to the guidelines of the National Institutes of
Health on the care and use of laboratory animals. Male C57bl/6 mice, 10-12 weeks of age
(Jackson Laboratories), were cage housed and maintained in a temperature-controlled room
on a 12-hour light to dark cycle, with free access to tap water and mouse chow during
acclimation. Induction of diabetes in mice was performed as previously described.® Mice
received a single intraperitoneal injection of 200 mg/kg streptozotocin (STZ, Fisher Health
Care) dissolved in 0.05 M citrate buffer, pH 4.5 (n=5, day 0). Citrate buffer alone was used
in control mice (n7 = 6). Twenty-four hour urine samples were collected in metabolic cages.
On day 14, mice were euthanized by conscious decapitation, and trunk blood, liver and
kidney tissue were collected.

Immortalized rat PTC were kindly provided by Dr. Ingelfinger (Harvard Medical School)
and used in this study.25 The cells were cultured in DMEM medium (Invitrogen)
supplemented with 10% heat-inactivated fetal bovine serum (Invitrogen) and plated in 6-well
plates. Prior to stimulation, the cells were serum-starved for 24 hours. PTC were
subsequently treated with 0-200 pg/ml AGE-BSA (BioVision) or nonglycated BSA (control,
BioVision) for 24 hours in serum-free medium. Recombinant soluble RAGE (sRAGE,
Aviscera), which has been identified as an antagonist of membrane RAGE, 26 was used to
inhibit RAGE-specific action on AGT regulation.

A rabbit anti-RAGE antibody from Novus and a rabbit anti-AGT antibody from IBL were
used in this study. A mouse anti-phospho p47phox (ser359) antibody and a rabbit anti-total
p47phox antibody were purchased from Thermo Fisher Scientific. To elucidate RAGE
signaling pathways involved in AGT regulation in PTC, mouse antiphospho-p42/44 MAPK
(ERK 1/2, Thr202/Tyr204), a rabbit anti-p42/44 MAPK, mouse anti-phospho-STAT3
(Tyr705), rabbit anti-STAT3, rabbit anti-phospho-STAT1 (Tyr701), rabbit anti-STAT1, rabbit
anti-phospho-p38 MAPK (Thr180/Tyr182), rabbit anti-p38 MAPK, rabbit anti-p65, rabbit
anti-phospho-c-Jun (Ser73), rabbit anti-c-Jun, rabbit antiphospho-c-Fos (Ser32), and rabbit
anti-c-Fos antibodies were purchased from Cell Signaling Technology and used in this study.
In addition, rabbit anti-phospho-p65 (Ser536) antibody from Signalway Antibody was also
used. Mouse anti-GAPDH antibody from Abcam was used as an internal control. IRDye-
labeled anti-mouse IgG and anti-rabbit 1gG antibodies were obtained from Li-Cor as
secondary antibodies in Western blot analyses. Alexa Fluor 488 goat anti-rabbit 1gG (H+L)
antibody from Life Technologies was used as a secondary antibody in immunostaining.

Enzyme-Linked Immunosorbent Assays

AGT levels in urine, plasma and cell culture medium were measured as previously
described?” using the Mouse and Rat Total Angiotensinogen Assay Kits (IBL). Urinary
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AGE levels in diabetic mice were determined using AGE Competitive enzyme-linked
immunosorbent assays (ELISA) (Cell Biolab). Each urinary AGT and AGE levels were
normalized based on 24-hour urine volume. To analyze AGT levels in medium of cultured
PTC, 0.5 x 106 cells were seeded in each well of a 6-well plate containing 1.5 ml of
medium. After treatment of cells with AGE, the medium was collected at 24 hours. AGT
protein levels in unconcentrated medium were measured by ELISA (IBL). The total volume
of medium was measured; total AGT protein levels were calculated based on the medium
volume.

Quantitative Real-Time Polymerase Chain Reaction

Quantitative real-time reverse transcription polymerase chain reaction (QRT-PCR) was
performed to evaluate AGT mRNA expression using the TagMan PCR system as previously
described.28 For total RNA isolation, tissues and cells were washed with 3 ml of phosphate-
buffered saline (PBS). PBS was aspirated and total RNA was isolated from the cells using
the RNeasy Mini Kit (Qiagen). Subsequently, qRT-PCR was performed. The data were
normalized based on GAPDH mRNA expression.

Western Blot Analysis

AGT levels, phosphorylation levels of p47phox (a subunit of NADPH oxidase), and
activities of signal transducers and transcription factors were determined using Western blot
analysis. The Western blots were performed as previously described.2128 Tissues and cells
were homogenized with 60 pl lysis buffer containing 1% Triton X-100, 150 mmol/l NaCl, 1
mmol/l EDTA, 1% Nonidet P-40, 1 mmol/l NazVVO,4 and 0.25% Protease Inhibitor Cocktail
(Sigma). The lysates were sonicated 3 times for 10 seconds each on ice. Total protein
concentration of the supernatant was quantified using Micro BCA Protein Assay Kit
(Pierce). Then, 20 ug of total protein was applied to a precast NUPAGE 4%-12% gel
(Invitrogen). The separated proteins were transferred to a nitrocellulose membrane (Bio-
Rad). After incubation of the membrane with primary and secondary antibodies, detection
and analysis were performed using the Odyssey Infrared Imaging System (Li-Cor). Data
were normalized based on GAPDH protein expression. Phosphorylation levels of signal
transducers and transcription factors were normalized based on total protein levels of each
target.

Immunohistochemical Studies

In addition to immunoblotting, the expression of RAGE protein in PTC was confirmed by
immunostaining. PTC were cultured in 4-well chambers (Lab-Tek). The cells were rinsed
with PBS and then fixed for 20 minutes by 4% paraformaldehyde. After 4 minutes
incubation with 0.2% Triton X-100, the blocking agent Image-iT FX signal enhancer
(Invitrogen) was added to the chambers. The cells were incubated with RAGE antibody
overnight at 4°C. After washing with PBS, the cells were incubated with an Alexa Fluor
594-labeled secondary antibody. Vectashield HardSet mounting medium with DAPI from
Vector Laboratories was used as a nuclear stain and mounting reagent. The RAGE staining
was observed and photographed using a fluorescence Nikon Eclipse 50i microscope. A
similar staining protocol was used in the kidney sections.
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Statistical Analysis

RESULTS

Data are expressed as means + standard error (SE). The data were analyzed using Student &
test or 1-way analysis of variance (ANOVA) followed by post hoc Bonferroni/Dunn multiple
comparison test. A value of £< 0.05 was considered statistically significant.

Regulation of Intrarenal AGT and AGE in Diabetic Mice

Fourteen days after STZ injection, blood glucose levels in STZ-induced DM mice were
greater than in control mice. As shown in Figure 1A, blood glucose levels were 130.6 + 4.9
mg/dl in the control group and 553.0 + 21.8 mg/dl in the STZ group. Water intake (2.2 + 0.5
ml/day vs. 20.3 + 3.4 ml/day) and urine (2.6 + 0.5 ml/day vs. 15.9 + 2.8 ml/day) volumes
were much greater in the STZ group. There were no significant differences in body weights
between the control and the STZ groups. Urinary protein excretion levels in the STZ group
were slightly, but not significantly, higher than control group on day 14. Since intrarenal
AGT is expression mainly in proximal tubules, as aforementioned, AGT mRNA levels in
RNA isolated from dissected renal cortex were evaluated. The STZ mice had augmented
renal cortical AGT mRNA levels (Figure 1B, 1.93 + 0.4-fold, ratio to control group) as
previously reported in CD-1 mice.1® Levels of both urinary AGT (Figure 1C) and AGE
(Figure 1D) were also greater in the STZ group compared to the control group (urinary
AGT: 21.6 + 5.5 ng/day vs. 190.1 £ 57.8 ng/day, urinary AGE: 136.7 + 20.7 pg/day vs.
246.6 + 40.9 mg/day). Furthermore, renal oxidative stress levels were evaluated by
measuring urinary 8-isoprostane levels (Figure 1E) and phosphorylation levels of renal
p47phox (Figure 1F), which is a subunit of NADPH oxidase. Both levels of urinary 8-
isoprostane and phosphorylation of renal p47phox were greater in the STZ group compared
to control group.

Expression of RAGE in PTC

Since several studies have reported that RAGE expression levels in renal proximal tubules
are varied by disease and/or experimental conditions and the levels are relatively low under
normal conditions, 2930 we first confirmed the expression of RAGE in PTC used in the
present study. Western blot analysis using PTC lysates and an anti-RAGE antibody showed
immunoreactive bands between 40 and 50 kDa (Figure 2A) matching the expected
molecular weight of rat RAGE (48 kDa). Almost 100% of PTC showed immunoreactivity
against the antiRAGE antibody (Figure 2B), and the signal was observed in cytoplasm and
membrane, supporting previous findings in other types of cells.31:32

Effects of AGE on AGT Expression in PTC

In PTC receiving 0 (control group), 2, 20 and 200 pg/ml AGE-BSA for 24 hours (n=4in
each group), intracellular AGT protein levels were augmented in a dose dependent manner
(Figure 3A, 1.40 + 0.31-fold by 2 mg/ml AGE-BSA, 2.24 + 0.24-fold by 20 pg/ml AGE-
BSA, 5.63 £ 0.67-fold by 200 pg/ml AGE-BSA, ratio to control group). As a control,
nonglycated BSA (200 ug/ml) did not induce elevation of intracellular AGT protein levels
(Figure 3B). Accumulated AGT protein levels in culture medium of AGE-treated PTC were
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also greater compared with the control group and nonglycated BSA-treated group (Figure
3C, 0.83 £ 0.07 ng/ml in the control group, 1.76 + 0.15 ng/ml in the AGE-treated group, and
0.96 + 0.01 ng/ml in the nonglycated BSA-treated group). Moreover, treatment of PTC with
AGE-BSA resulted in enhanced AGT mRNA transcription (Figure 3D).

Effects of SRAGE on AGE-Induced AGT Upregulation in PTC

To test if AGE-induced AGT augmentation in PTC is caused by RAGE activation,
recombinant SRAGE was used as a competitor of membrane RAGE.28 AGE-BSA (200
pg/ml) increased AGT protein levels at 24 hours (Figure 4) as shown in Figure 3. The
augmentation of AGT production was normalized by applying 20 ug/ml sRAGE (Figure 4,
2.42 + 0.32-fold by AGE-BSA and 1.09 + 0.24-fold by AGE-BSA+sRAGE, ratio to control
group). Treatment of PTC with SRAGE alone did not alter AGT levels.

Signaling Pathways Involved in AGE-Induced AGT Augmentation in PTC

Activation of p38 MAPK and ERK 1/2, which has been shown in other cell types treated
with AGE, was investigated in PTC following AGE treatment (n = 4 in each group). AGE-
BSA did not alter phosphorylation levels of p38 MAPK in PTC at 10 and 30 minutes (Figure
5A). Phosphorylation levels of ERK 1/2 in control group were decreased at 30 minutes
compared to at 10 minutes. Importantly, AGE-BSA augmented phosphorylation levels of
ERK 1/2, especially ERK 2, at 30 minutes (Figure 5A, 1.99 + 0.18-fold by AGE-BSA).
Activities of AGE/RAGE-associated transcription factors were also determined in these
samples. Phosphorylation levels of STAT3, NF-xB (p65 subunit) and c-Fos were not
changed by AGE-BSA treatment in PTC at 10 and 30 minutes (Figure 5A). In contrast, c-
Jun was activated by AGE-BSA treatment at 30 minutes (Figure 5A, 1.70 + 0.05-fold by
AGE-BSA). U0126, an ERK 1/2 inhibitor, was employed to investigate a role of AGE-
activated ERK 1/2 in AGT upregulation in PTC. The control group received DMSO, a
solvent of the inhibitor. Pretreatment of PTC with 1.5 uM U0126 partially, but significantly,
attenuated AGE-induced AGT augmentation (Figure 5B, 2.05 + 0.04-fold by AGE-BSA,
1.26 £+ 0.04-fold by AGE-BSA+U0126 and 1.08 + 0.05-fold by U0126, at 24 hours).
Treatment with U0126 alone (group U in Figure 5B) did not change AGT expression levels.

DISCUSSION

Kidney disease leading to end-stage renal disease is a major complication in DM occurring
in approximately 40% of patients.33 Since RAS blockers have shown protective effects in
the development of diabetic nephropathy, intrarenal RAS has been a target to treat diabetic
nephropathy.34 Thus, elucidating the regulatory mechanisms of the intrarenal RAS
augmentation is essential for the development of novel strategies to prevent and treat DM
associated kidney injury. In such investigations, stimulation of AGT expression by high
glucose/ROS axis in PTC has been well established.20:3%:36 On the other hand, the role of the
AGE/RAGE pathway on intrarenal AGT regulation is poorly understood despite AGE’s role
as a crucial risk factor for DM complications. Direct treatment with AGE increased AGT
expression approximately 1.6-fold via activated phosphoinositide 3-kinase in cultured
podocytes.3” This is important evidence for the upregulation of AGT expression by AGE.
However, it has been shown that AGT expression levels in podocytes are very low and that
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elevation of glomerular AGT production was induced mainly in mesangial cells of DM
mice.38 Therefore, although elevated AGT expression in podocytes has the potential to
partially contribute to glomerular RAS activation and the progression of glomerular damage,
it is unlikely that podocyte AGT is a major source of intrarenal angiotensin. Many studies
using different approaches revealed that intrarenal AGT is primarily produced in PTC.39-42
The pathogenic significance of proximal tubular AGT has been established by showing that
renal proximal tubule-specific overexpression of AGT by genetic manipulations amplified
intrarenal angiotensin |1 formation leading to hypertension and kidney injury.4344 The
present study demonstrated elevated urinary AGE levels, which are accompanied with
augmented renal oxidative stress, in STZ-induced DM mice and that direct treatments of
cultured PTC resulted in augmentation of AGT mRNA, intracellular AGT protein and
secreted AGT protein levels. Thus, AGT augmentation in renal proximal tubules by elevated
AGE as well as by hyperglycemic conditions can be important, contributing to the
progression of kidney injury in DM. The contribution of the intrarenal AGE-AGT axis to the
development of kidney injury including renal inflammation and fibrosis in diabetes will be
investigated in further studies.

Numerous forms of SRAGE, the truncated versions of membrane RAGE, are endogenously
produced as spliced variants.28 Antagonistic actions of SRAGE against AGE/RAGE pathway
and protective effects of SRAGE on DM complications including diabetic nephropathy have
been shown in many studies.26:45-50 Applying SRAGE attenuated AGE-induced AGT
upregulation in PTC shown in the present study, so administration of SRAGE may be a
therapy to suppress intrarenal RAS activation and associated kidney injury in DM. Further
studies are required to investigate suppressing effects of SRAGE on intrarenal RAS. It has
been reported that gene deletion of RAGE did not significantly change intrarenal AGT
mRNA levels in DM mice,>! which does not support our conclusion in the present study. A
RAGE gene knockout that diminishes both pathogenicity of RAGE and protective actions by
SRAGE may account for this different findings.

Various signal transducers and transcription factors have been identified as mediators of the
pathophysiological actions caused by the AGE/RAGE pathway. In the present study,
phosphorylation levels of ERK 1/2 in the control group exhibited temporal downregulation.
This may by the result of temporal oscillations of ERK activity which have been well
characterized.>253 Importantly, AGE enhanced activation of ERK 1/2, and ERK inhibition
attenuated AGT upregulation in PTC, indicating that AGE-induced AGT augmentation in
PTC is mediated by ERK 1/2 activation. In tested transcription factors, only c-Jun was
activated by AGE treatment in PTC. c-Jun is one of the downstream factors of ERK 1/254:55
and forms AP-1 complex, which promotes AGT transcription.24STAT3 and NF-xB, which
can be activated by AGE®12.13 and have been identified as AGT regulating transcription
factors in PTC,21-23 failed to demonstrate activation during AGE treatment under our
experimental conditions.

CONCLUSIONS

In conclusion, the findings in the present study suggest activation of the AGE/RAGE
pathway augments renal proximal tubular AGT production via ERK 1/2, which can
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contribute to the development of diabetic nephropathy. The findings provide a mechanistic
rationale for targeting AGE/RAGE pathway axis to suppress intrarenal RAS activity and
prevent or treat kidney injury in DM.
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FIGURE 1. Regulation of intrarenal AGT and AGE in diabetic mice.
Levels of blood glucose (A), renal cortical AGT mRNA (B), urinary AGT protein (C), and

urinary AGE (D) in control group (Cont, 7= 6) and STZ-induced DM mice (STZ, n=5).
Graphs E and F show levels of urinary 8-isoprostane and phosphorylation of intrarenal
p47phox protein. Data are expressed as mean + SE. Asterisks (*~< 0.05, ** £< 0.01 and
*** P<0.001) indicate significant difference compared to control group. Abbreviations:
AGT, angiotensinogen; AGE, advanced glycation end products; DM, diabetes mellitus; SE,

standard error; STZ, streptozotocin.
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FIGURE 2. Expression of RAGE in PTC.

. |« RAGE

Western blot analysis of RAGE in PTC lysate (A) and immunostaining of RAGE in PTC
(B). Arrow in the Western blot indicates immunoreactive bands. Abbreviation: PTC,
proximal tubular cells.
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The figures summarize effects of different concentrations of AGE (0-200 pug/ml) on
intracellular AGT protein expression at 24 hour in PCT (A, n= 4 in each group), effects of
AGE (200 pg/ml) and non-glycated BSA (BSA) on intracellular AGT protein expression at
24 hour (B, 7= 4 in each group), effects of AGE (200 pg/ml) and non-glycated BSA on
secreted AGT protein in the medium during 24-hour treatments (C, 7= 4 in each group), and
effects of AGE (200 pg/ml) and non-glycated BSA on AGT mRNA expression at 24 hours
(D, n=4in each group). Data are expressed as mean * SE. Asterisks (*£< 0.05, ** P<
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0.01 and *** P< 0.001) indicate significant difference compared to control group (Cont) or
among groups. Abbreviations: ADU, arbitrary densitometry units; AGE, advanced glycation
end products; AGT, angiotensinogen; PTC, proximal tubular cells.

Am J Med Sci. Author manuscript; available in PMC 2019 October 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Garagliano et al. Page 16

AGT/GAPDH (ADU/ADU)

AGT [FTRoe . . |
GAPDH |

* %

40 * % * %

g
o

g
o

-
o

Cont AGE AGE sRAGE
+

sRAGE

FIGURE 4. Effects of SRAGE on AGE-induced AGT upregulation in PTC.
Intracellular AGT protein levels at 24 hour in PTC receiving AGE with/without SRAGE (n=

4 in each group). Data are expressed as mean + SE. Asterisks (*£< 0.05, ** £< 0.01 and
*** P<(0.001) indicate significant difference among groups. Abbreviations: ADU, arbitrary
densitometry units; AGE, advanced glycation end products; AGT, angiotensinogen; PTC,
proximal tubular cells.
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FIGURE 5. Signaling pathways involved in AGE-induced AGT augmentation in PTC.
Phosphorylation levels of signal transducers and transcription factors 10 minutes and 30

minutes after AGE treatment in PTC (A, 7= 4 in each group). C: control and A: AGE-
treated PTC. Y-axes of bar graphs are ratio of phosphorylated target protein to total target
protein. Panel B indicates effects of U0126 (U), an ERK inhibitor, on AGE-induced AGT
upregulation at 24 hours in PTC (/7= 4 in each group). Data are expressed as mean + SE.
Asterisks (*£<0.05, ** P< 0.01 and *** P< 0.001) indicate significant difference
compared to control group or among groups. Abbreviations: ADU, arbitrary densitometry
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units; AGE, advanced glycation end products; AGT, angiotensinogen; PTC, proximal tubular
cells; SE, standard error.
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