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Smad1 as a Biomarker for Diabetic Nephropathy
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D

iabetic nephropathy is one of the most devastating complications of diabetes and develops
in about one-third of diabetic patients. Exposure to a hyperglycemic environment with coexisting obesity, metabolic syndrome, hyperfiltration,
hypertension, and hyperlipidemia plays a critical role in
the development of diabetic nephropathy (1,2). Clinical
trials demonstrated that improving glycemic control delays and, in some cases, may prevent the subsequent
development of diabetic nephropathy. The concept that
selected individuals with diabetes (at similar glycemic
control) are at different risk for developing nephropathy
was developed about 20 years ago after finding familial
aggregation of kidney disease (3,4). Detailed phenotyping
studies indicate that diabetic nephropathy progression and
patients’ responses to treatment also varies significantly
between individuals.
To identify patients at increased risk for the development of diabetic nephropathy, considerable scientific effort has been dedicated to developing new screening and
prognostic markers (5). The hope is that these new
biomarkers will predict the development of the disease
earlier than the currently used disease marker, albuminuria. The problem with albuminuria as a disease marker is
twofold. Low-grade albuminuria (microalbuminuria) is a
poor predictor of diabetic nephropathy (6); high-grade
albuminuria, which is a strong predictor of disease progression, only develops at advanced diabetic nephropathy,
a stage when less can be done to prevent the development
of end-stage kidney failure.
How can we identify biomarkers? Traditionally, biomarker identification has mostly been a one-at-a-time approach. Many well-known tests have been identified based
on clear biological insight from physiology or biochemistry. One example of this path was the discovery that inulin
infusion measures glomerular filtration rate. Based on
these studies, investigators discovered a naturally occurring molecule, creatinine, that enabled the same measurements. Biomarkers validated by genetic and molecular
biology methods can be classified into different types.
Screening or predicting biomarkers are used to identify
people who are at risk for the development of the disease.
Diagnostic markers are used to diagnose a certain condition. Prognostic markers can predict the outcome or the
natural history of a disease, and drug activity markers can
predict treatment response.
In recent years, biomarker discovery has been booming,
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mainly due to two independent factors. First, there has
been a considerable shift in clinical medicine from trying
to treat chronic debilitating conditions (including diabetes, cancer, and renal disease), which has not been very
successful, to early diagnosis and prevention, which has
been far more successful in the area of various cancer
types and cardiovascular disease. The other factor that
significantly contributed to this boom is the shift in the
biomarker discovery pipeline from the one-at-a-time
approach to a far more efficient high–through-put test
approach (7–9). Thus genetics, genomics, proteomics,
and metabolomics are preferentially used in biomarker
discovery.
All of these methods are currently applied to discovering new biomarkers of diabetic nephropathy. Large genetics trials (including the Family Investigation of
Nephropathy and Diabetes [FIND] and Genetics of Kidneys in Diabetes [CoKinD] studies) have been conducted
to find genetic polymorphisms associated with diabetic
nephropathy (10 –12). These clinical trials identified multiple loci associated with increased risk of diabetic nephropathy, indicating that it is a polygenic disease with
multiple genes each involved with possible small effects. It
is expected that with the increased availability of whole
genome scan arrays, new loci will be identified and
candidate polymorphisms will soon be established. Many
new high–through-put functional genomic methods have
been recently developed and are currently being applied to
identify new biomarkers for diabetic nephropathy. The
advantage of functional genomics (mainly microarrays) is
that methodologies are fairly well established and robust.
In addition, as most microarray studies are performed in
kidney biopsy tissue, the diagnostic gold standard (the
histology) is available, and gene expression levels can be
directly correlated with the renal morphology. It is also
very likely that gene expression changes observed in the
kidney will also play role in disease pathogenesis, thereby
becoming a therapeutic target (13,14). However, kidney
tissue is not readily available, as current clinical practice
avoids kidney biopsies in diabetic patients. Therefore,
although these tissue-based approaches clearly revolutionalized the cancer field, the greatest question for us is
whether the marker sets will have high enough predictive
value to justify the performance of a high-risk procedure
(kidney biopsy) in diabetic patients at the stage of essentially normal renal function.
Proteomic and, lately, metabolomic analyses probably
hold the greatest promise to identify a new diabetic
nephropathy biomarker that can be rapidly translated to
clinical medicine (15,16). This promise derives from the
current practice that most available diagnostic tests are
either blood- or urine-based and involve the detection of
proteins, enzyme activity, or small molecule levels. Urine
represents a modified ultrafiltrate of plasma, with protein
concentrations about 1,000-fold lower than plasma with
increased proportions of low–molecular-weight proteins,
and it is also enriched in proteins released along the
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urinary tract. Different proteomic methods are currently
being tried to identify a urinary biomarker of renal disease,
but most methods do not offer the through-put currently
obtained with genomic methods. In addition, many biologically interesting molecules are low-abundance proteins,
whereas the 22 most abundant proteins constitute 99% of
the total protein mass (in the blood and the urine). Despite
all the challenges, few published studies using urinary
proteomic analysis indicate the feasibility of the approach
(17). Metabolomics is also receiving increasing attention
as recent estimates suggest that the human metabolome
comprises ⬃3,000 small molecules, which is many orders
of magnitude lower than the number of transcripts and
proteins (105).
While these large-scale nonbiased approaches were
being developed and conducted, Mima et al. (18) performed a hypothesis-driven study using well-established
mouse and rat models of diabetic nephropathy. Previously,
they showed that Smad1 plays an important role in the
development of mesangial expansion. Now they invesitgate whether urinary Smad1 levels measured at the time of
diabetes development correlate with the development of
mesangial expansion at later time points. To make their
point, they used not only type 1 diabetic rats but also type
2 diabetic db/db mice. In addition, to mimic the human
situation, some animals were treated with the angiotensin
receptor inhibitor olmesartan, which is known to block
diabetic nephropathy development. They show a very
good correlation between urinary Smad1 levels and the
development of mesangial expansion (r ⫽ 0.7 and 0.62 in
rats and mice, respectively), whereas the correlation between albuminuria and mesangial expansion was not
statistically significant. Interestingly, blood glucose and
blood pressure levels observed before the development of
diabetes did not correlate with mesangial expansion development. These observations are intriguing and (if they
can be translated to humans) could represent a real
breakthrough. Of course, there are a number of critical
issues here, as it is well known that rodent models of
diabetic nephropathy do not faithfully replicate the human
condition because they do not show decline in renal
function, which is the most critical parameter for measuring progression in humans.
The glass of diabetic nephropathy biomarker research is
finally half full, and significant challenges are ahead of us.
Based on the complex disease pathogenesis, it is likely
that a group of markers will be needed to predict end-stage
renal disease development. Additional complicating factors are that disease development and disease activity/
progression and treatment response might be best
predicted by different marker sets. Despite the promise
and excitement of the high–through-put methods, we also
need to keep in mind that small-scale hypothesis/pathomechanism driven methods have been the basis for our
biomarker discovery for decades. While it is a long journey
to translate findings of small-scale studies to clinical
practice, we are now realistically looking forward to new
findings and developments as the diabetic nephropathy
biomarker field unfolds.
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