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ABSTRACT

Normal function of the glomerular filtration barrier requires wild-type
differentiation of the highly specialized glomerular epithelial cell, the
podocyte. Podocytes express three distinct domains, consisting of a cell
body, primary processes, and secondary foot processes (FP). These FP
express slit diaphragms, which are highly specialized cell-cell contacts
critical for filtration-barrier function. Foot processes are dynamic struc-
tures that reorganize within minutes through actin cytoskeletal rear-
rangement. Glomerular diseases are characterized by a persistent simpli-
fication in podocyte domain structure with loss of FP, a phenotype
described as FP effacement. The generation of such phenotypic plasticity
requires that signaling pathways in subcellular compartments be inte-
grated dynamically for a cell to respond appropriately to information flow
from its microenvironment. We have identified a LIM-domain-containing
protein, Wilm’s tumor interacting protein (WTIP), that regulates podocyte
actin dynamics to maintain stable cell contacts. After glomerular injury,
the WTIP molecule shuttles to the podocyte nucleus in response to changes
in slit-diaphragm assembly, and changes gene transcription to permit
podocyte remodeling. Defining regulatory pathways of podocyte differen-
tiation identifies novel, druggable targets for chronic kidney diseases
characterized by glomerular scarring.

CHRONIC KIDNEY DISEASE (CKD): A COMMON DISEASE
WITH A HEAVY PUBLIC HEALTH BURDEN AND A

COMPLEX PATHOGENESIS

A subtle but persistent change, described as an epidemic of chronic,
non-communicable diseases, has occurred in the profile of human
diseases around the world (1). Health-care delivery now focuses less on

Correspondence and reprint requests: John R Sedor, MD, 2500 MetroHealth Drive R415,
Cleveland, OH 44109-1998, Tel: 216-778-4993, Fax: 216-778-8248, E-mail: john.sedor@case.edu

Potential Conflicts of Interest: None disclosed.

184



saving patients from acute, catastrophic illness, and more on palliating
chronic and debilitating diseases. Although the change in life expec-
tancy for patients with AIDS most clearly documents this shift in
illness acuity, a walk through the medical floors of any hospital illus-
trates that most patients suffer from chronic, debilitating but prevent-
able, conditions. Data from the US Centers for Disease Control and
Prevention (CDC) document that the burden of chronic disease is
onerous for both society generally and patients individually (2).
Chronic diseases account for 70% of all deaths in the US; more than 1.7
million people succumb to a chronic disease each year, and nearly 133
million Americans live with at least one chronic illness. The medical
care costs of diagnosing and treating chronic diseases account for more
than 75% of the US health care budget.

Kidney disease is the ninth leading cause of death in the US accord-
ing to CDC data. The prevalence of treated end-stage renal disease
(ESRD) in the US is approximately 1,700 per million population (3),
and the 2010 US Renal Data System Report documents the growth in
ESRD incidence rates across the US from 1998 through 2008 (Figure
1). The prevalence of patients with chronic kidney disease (CKD) is
even greater; approximately 6%–7% of the US population has abnor-
mal kidney filtration function (4). An analysis of NHANES data by
Coresh and colleagues shows that the prevalence of CKD in the United
States in 1999–2004 was higher than it was in 1988–1994 (5). Patients
with a diagnosis of kidney disease account for 31% of Medicare expen-
ditures (8). The risk for progressive kidney disease has risen dispro-
portionately to the increasing incidence of systemic diseases associated
with kidney injury, such as diabetes, hypertension, and obesity (5, 7).
Furthermore, growth in incident ESRD has outpaced growth in prev-
alent chronic renal insufficiency (8), suggesting that the progressive
kidney disease epidemic in the US is not merely a function of more
cases of diabetes or hypertension or of an increased prevalence of CKD.
Rather, these data suggest that undefined genetic, biochemical, and
environmental mechanisms collaborate to promote progressive kidney
injury on a background of an epidemic of diseases that contributes to
CKD.

CKD PHENOTYPES: PROTEINURIC KIDNEY DISEASES
AND PODOCYTE PLASTICITY

Chronic kidney disease is a complex trait characterized by progres-
sive loss of function of the glomerular filtration barrier, manifested
both by a decline in the glomerular filtration rate (GFR) and the onset
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of abnormal albuminuria. The glomerular filtration barrier comprises
three distinct components: the fenestrated glomerular endothelial cell,
the glomerular basement membrane (GBM), and the glomerular epi-
thelial cell or podocyte (9, 10). The glomerular mesangial cell struc-
tures the filtration barrier into capillary loops (11, 12). The work in our
laboratory has concentrated on characterization of the mechanisms
regulating the remarkable podocyte phenotype plasticity that is a
feature of proteinuric glomerular diseases. With proteinuria in the
nephrotic range, regardless of the etiology, podocytes undergo marked
morphologic changes. The actin cytoskeleton rearranges into a cyto-
skeletal mat below the plasma membrane opposed to the GBM, slit-

FIG. 1. Adjusted incidence rates of ESRD per million population in 1998 (panel A) and
2008 (panel B). Incidence rates are adjusted for age, gender, and race. Shading shows
geographic variation. Data and figure adapted from US Renal Data System, USRDS
2010 Annual Data Report: Atlas of End-Stage Renal Disease in the United States,
National Institutes of Health, National Institute of Diabetes and Digestive and Kidney
Diseases, Bethesda, MD, 2009.
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diaphragm structures are lost, and the podocyte assumes a cuboidal
shape. This change in phenotype is reversible; the podocyte can re-
develop its wild-type morphology with successful treatment of ne-
phrotic syndrome. A number of gene mutations that result in a podo-
cyte phenotype switch have been mapped in families with nephrotic
syndrome. In the absence of mutations, molecular mechanisms that
regulate podocyte phenotype remain unclear. We postulated that podo-
cytes express intracellular molecules that can reversibly translate
changes in extracellular physical forces or soluble signals into appro-
priate changes in cellular structure. This paper describes our work on
a molecule, Wilm’s tumor interacting protein (WTIP), that appears to
reversibly regulate a change in podocyte phenotype in response to
acquired disease. Our model for WTIP function, which is detailed in
the rest of this paper, is shown in Fig 2. In normal glomeruli, WTIP is
part of a multi-protein complex in the foot process of the podocyte that
may link molecules that mediate podocyte cell-cell contacts to the actin
cytoskeleton. After injury, WTIP translocates into the nucleus, where
it represses Wilms’ tumor protein (WT1)-dependent gene expression to
permit simplification of the podocyte phenotype in response to injury.
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FIG. 2. Podocyte plasticity and WTIP function. The podocyte undergoes a remarkable
change in morphology in proteinuric kidney diseases. The transcription factor WT1
regulates the podocyte differentiation state. The WT1-interacting protein WTIP can
shuttle reversibly from podocyte cell-cell contacts into the nucleus to inhibit WT1
activity and permit podocyte adaption to a disease state. Used with permission (32).
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Loss of WTIP from its location of cell-cell contact promotes a redistri-
bution of slit-diaphragm proteins and rearrangement of actin charac-
teristic of foot-process effacement.

Podocytes and the Architecture of the Filtration Barrier

Podocytes arise from the metanephric mesenchyme after a tightly
orchestrated differentiation program to produce their highly special-
ized phenotype. The podocyte contains three different domains: the cell
body, primary processes, and foot processes. Genetic and biochemical
studies have in part defined the molecular architecture of the filtration
barrier, which requires elaboration of podocyte foot processes and
assembly of cell-matrix and specialized cell-cell junctions, known slit
diaphragms, for normal function (13). The slit diaphragm is a modified
adherens junction that contains specialized podocyte proteins, which
were discovered by positional cloning in families with nephrotic syn-
drome (10, 14, 15). Nephrin, an immunoglobulin superfamily member,
is thought to be a major transmembrane component of the slit dia-
phragm. Podocin, which is similar to scaffold molecules of the stomatin
family, has a single hairpin-like structure with both the N-terminal
and C-terminal domains in the cytosol. CD2AP was originally identi-
fied as an adapter protein that interacts with the cytoplasmic domain
of CD2, a T-cell adhesion protein, but whose absence in mice was
subsequently found to cause progressive glomerulosclerosis. Mutations
in human CD2AP have been found in sporadic and familial glomeru-
losclerosis. F-actin which is restricted to podocyte foot processes (16),
appears to be a central link in the appropriate assembly of these
molecules (17). Foot-process retraction is the stereotypical podocyte
response to injury, the hallmark of both primary and secondary glo-
merulosclerosis, and is characterized both in vivo and in vitro by
marked actin cytoskeletal rearrangement (18, 19), an observation fur-
ther supporting a significant role for actin as a central organizer of
podocyte foot-process architecture. ACTN4, which encodes the actin
cross-linking protein �-actinin-4, has been linked to familial focal
segemental gloemrulosclerosis (20). A mutation in INF2, which en-
codes a member of the formin family of actin-regulating proteins, has
also been linked to familial proteinuric kidney disease (21).

Although the identification of genes linked to familial proteinuric
kidney diseases has been highly instructive about the molecular func-
tion of the glomerular filtration barrier, the mechanisms for regulated
changes in podocyte phenotype in acquired disease remain unclear.
Given its unique microenvironment with exposure to hemodynamic
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forces and a high flow of ultrafiltrate, the podocyte must be able to
rapidly respond to changes in physical forces or soluble signals, a
process that undoubtedly involves dynamic regulation of actin cyto-
skeletal organization. The dynamic nature of foot-process architecture
is highlighted by the observation that appropriate treatment can re-
store normal podocyte structure.

The Dysregulated Podocyte Phenotype and
Glomerulosclerosis

At a molecular level in both human biopsies and experimental mod-
els, the stereotypical morphologic response of podocytes described
above is associated with changes in the cytoplasmic, plasma mem-
brane, and nuclear expression of podocyte differentiation markers that
varies somewhat with disease etiology (22–25). In experimental mod-
els, both nephrin and podocin redistribute and may decrease in abun-
dance. In addition to actin rearrangements and loss of junctional
complexes, podocytes in glomerular disease can re-develop a less dif-
ferentiated phenotype, more characteristic of the developing than of
the fully differentiated glomerulus (26). The change in podocyte mor-
phology is contemporaneous with the onset of heavy proteinuria and is
associated with genome-wide changes in transcript abundance (27),
suggesting that the molecular mechanisms that regulate the cell fate of
podocytes involve changes in gene expression. On this assumption, we
focused our work on the regulation of podocyte transcriptional activity.
Data derived from genetically modified mice and human families with
syndromes including glomerular disease have identified several tran-
scription factors required for podocyte specification and differentia-
tion, including WT1.

THE TRANSCRIPTION FACTOR WT1 IS A KEY REGULATOR
OF PODOCYTE PHENOTYPE

The correct temporal and spatial expression of WT1 is critical for the
induction and maintenance of a differentiated podocyte phenotype
(28). WT1 protein is widely expressed developmentally in mesothe-
lium, adrenal glands, retina, lung, kidney and gonads, but its expres-
sion is limited to the glomerular podocytes in the adult kidney. Zinc
finger mutations in WT1 are responsible for two rare causes of familial
glomerulosclerosis, Denys-Drash syndrome (DDS) and Frasier syn-
drome (29). Variants of WT1 have also been identified in both familial
and sporadic focal segmental glomerulosclerosis (30). Knock-in mice
that express human WT1 mutations, recapitulate the glomeruloscle-
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rosis and gonadal dysgenesis that characterize DDS and Frasier phe-
notypes, documenting that WT1 function is required for the normal
podocyte phenotype (31). Transgenic models that permit mice to sur-
vive show that reduced levels of wild-type WT1 are responsible for
crescentic nephritis and glomerulosclerosis (31).

THE WT1 REGULATOR, WTIP, AND THE PODOCYTE

Given the importance of WT1 in the regulation of podocyte pheno-
type, we used a yeast two-hybrid assay to identify proteins that inter-
acted with and regulated WT1, and identified WTIP as a novel LIM-
domain-containing protein (32). We initially expressed the WTIP
fragment isolated in the two-hybrid trap (which lacks the amino-
terminal 159 amino acids [N�WTIP]) in COS cells and found that it
co-localized with WT1 in the nucleus, as expected from the yeast
two-hybrid assay. When a full-length WTIP was cloned, we identified
a consensus, Crm1-dependent nuclear export signal, and postulated
that full-length WTIP shuttles between the cytosol and nucleus in a
manner similar to that of other members of the zyxin family of cytosolic
LIM-domain-containing proteins. In contrast to N�WTIP, full-length
WTIP localizes in COS-cell cytoplasm. However, treatment with lep-
tomycin B, an inhibitor of Crm1-dependent nuclear export, caused
full-length WTIP to accumulate in the nucleus. These data suggest
that WTIP normally localizes in the cytosol and functions as a com-
munication signal between cytosolic structures and the nucleus. Be-
cause false-positive interactions could arise in the yeast two-hybrid
screen, we next used immunoprecipitation and GST pull-down assays
to confirm that WT1 and WTIP associate in COS cells. Myc-N�WTIP is
co-precipitated by both anti-WT1 and anti-Flag antibodies. Although
tagged, full-length WTIP is excluded from the nucleus, full-length
WTIP does co-precipitate with WT1 when its nuclear export is blocked
by leptomycin B. Neither full-length zyxin (a paralogous LIM-domain-
containing protein) nor a truncated zyxin protein containing only the
three LIM domains (N�Zyxin) that localized to the nucleus, co-precip-
itated with WT1. Critically, when retained in the nucleus, WTP but not
zyxin inhibited WT1 transcriptional activity.

To define WTIP localization in vivo, we generated a Wtip-deficient
mouse line using �-galactosidase-neomycin (�-geo) gene-trap technol-
ogy. The �-geo expression vector integrated into the second intron of
Wtip, and sequencing after RT-PCR confirmed that Wtip exon 2 spliced
in-frame to �-geo. Immunoblotting with an anti-�-gal antibody re-
vealed an Mr 170 protein, the size predicted for the Wtip-�-gal fusion
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protein. No Wtip�-geo/�-geo animals were identified among live-born
mice or embryos as young as E8.5 (n � 300 mice). The morphology and
viability of Wtip�-geo/� and wild-type mice was similar. Injection of mice
with lipopolysaccharide (LPS) causes transient nephrotic syndrome
(33). After LPS injection, Wtip�-geo/� mice developed statistically
greater and more prolonged proteinuria compared to the wild-type
littermates. To map endogenous WTIP expression patterns, we as-
sayed X-gal staining in Wtip�-geo/� mouse embryo and adult tissues. No
X-gal staining was observed in the renal vesicle, Comma-shaped, or
S-shaped stages of glomerular development. However, X-gal was seen
in the capillary-loop stage and in mature glomeruli, which co-localized
with the podocyte marker synaptopodin but not with the endothelial
marker PECAM or �-vascular smooth-muscle actin. WTIP is also ex-
pressed in developing myocardium as early as E9.5 and persists
through E14.5, but is not seen in the adult heart. Taken together, these
data suggest that WTIP is essential for mouse embryogenesis and is
expressed in podocytes from the capillary loop stage into adulthood.
Resolution of abnormal proteinuria after injection of LPS is delayed in
Wtip�-geo/� mice, suggesting that WTIP regulates the function of the
glomerular filtration barrier. Given embryonic lethality, mice with
targeted Wtip deletion will further characterize the role of WTIP in
podocyte phenotype regulation and filtration-barrier function.

To test the hypothesis that WTIP is a reporter of environmental cues
and contributes to regulation of the podocyte phenotype by translocating
to the nucleus, we next developed a cell-culture model of nephrotic
syndrome. Puromycin aminonucleoside (PAN), which causes proteinuria
in animal models (34), disrupted cultured podocyte cell-cell junctions and
increased albumin flux across differentiated podocytes cultured on colla-
gen-coated Transwell filters (35). WTIP moved to the nuclei of PAN-
treated podocytes and down-regulated the expression of a WT1-target
gene, Rbbp7 (35). To further investigate mechanisms of nucleocytoplas-
mic translocation of WTIP in vitro, we treated podocytes with LPS, which
as noted earlier is another molecule that induces nephrotic syndrome in
mice. Podocytes that stably expressed an inducible, epitope-tagged WTIP
were treated with LPS. After LPS treatment, WTIP rapidly disassem-
bled from cell contacts, transited along the cytoskeleton, and localized in
podocyte nuclei by 6 hours, shifting back to the plasma membrane at 24
hours (36). Cell fractionation and immunoblotting confirmed shifts in
WTIP localization within intracellular compartments. LPS stimulated
podocyte Janus Kinase (JNK) activity in a time-dependent manner, and
a JNK, but not p38 inhibitor, prevented translocation of WTIP to nuclei.
Intact actin cytoskeleton and microtubular networks, as well as activity
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of the motor protein dynein, are required for LPS-stimulated WTIP
translocation (Figure 3).

To determine whether WTIP translocates to podocyte nuclei in vivo
after glomerular injury, we injected LPS into wild-type C57BL/6 mice
and analyzed them for albuminuria and podocyte localization of WTIP
(36). Injection of LPS resulted in albuminuria within 24 hours, whereas
albumin excretion did not change significantly from baseline in mice
injected with PBS. As previously shown, LPS-induced albuminuria was
transient and returned to baseline levels within 72 hours after LPS
injection. Immunohistochemistry of kidney sections demonstrated that
the WTIP immunostaining pattern changed after LPS treatment as
compared to that in untreated and PBS-injected controls (Figure 4). The
linear staining pattern of WTIP distribution observed in the PBS-in-
jected control transitioned to a more diffuse cytosolic and nuclear pattern
by 6 hours after LPS injection, or approximately the same time at which
we observed an increase in urinary albumin excretion in vivo.

IMPLICATIONS FOR UNDERSTANDING HUMAN
PROTEINURIC KIDNEY DISEASE

Chronic kidney disease is prevalent, mortal, a significant burden on
health-care delivery, and a driver of health-care costs. The glomerular

FIG. 3. LPS-stimulated WTIP nuclear translocation requires JNK activity, which
assembles a multiprotein complex of the scaffolding protein JIP3 and the molecular motor
dynein. In uninjured glomeruli, WTIP is part of a multi-protein signalsome that links
podocyte adherens junction to the actin cytoskeleton (left panel). After stimulation with
LPS, an inducer of transient nephrotic syndrome, the actin cytoskeleton rearranges. WTIP
tranlocation requires intact microtubules (middle panel). Concomitant assembly of a dy-
nein motor-containing protein complex ferries WTIP to the nucleus (right panel).
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filtration barrier is a critical determinant of kidney function, and
abundant evidence suggests that it is morphologically and functionally
dynamic in response to changes in the glomerular microenvironment.
The podocyte is one of three distinct components of the capillary wall
that can undergo remarkable, reversible changes in phenotype with
disease onset. We have identified a molecule, WTIP, that appears to
regulate this process in podocytes. It is to be hoped that better under-
standing of pathways and molecular processes that regulate the func-
tion of the glomerular filtration barrier will lead to targeted therapies
for a group of diseases with few treatment options.
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DISCUSSION
Mackowiak, Baltimore: I noticed in one of the maps you showed of the distribution

incidence of chronic renal disease that Alaska has almost none as compared to the rest
of the US. I was just wondering if that was one more reason to vote for Sarah Palin. I
know this might not be your particular area of interest, but are those data real? If so,
why might there be less chronic renal failure in Alaska than elsewhere, because these
data reported chronic renal failure per million population. So it couldn’t just be due to
the small population.

Sedor, Cleveland: That’s a good question. I don’t have a clear answer. I assume the
CDC incidence data on end-stage renal disease are correct. I’m not sure about those data.
I know that more recently, as people have reported the epidemiology of chronic kidney
disease and albuminuria in surveys done on American Indian/Alaska Native popula-
tions, the burden of disease overall is approximately 3 times greater in these people than
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in whites, although regional variation exists between tribes. Regardless of incidence,
kidney disease is a problem in Alaska that disproportionately affects Alaska natives,
although the overall incidence appears less than in other regions of the United States. I
can’t explain the CDC maps.

Mitch, Houston: Thank you. Very elegant. Two quick questions. One is: What is the
turnover time of podocytes? And the second one is: What does diabetes do to your elegant
working out of those proteins?

Sedor, Cleveland: The podocyte turns over very slowly if at all, at least in the
normal cell state, and in this regard it is similar to the neuron. The podocyte is
terminally differentiated, and in fact, one of the hallmarks of podocyte disease is the
rearrangement of the actin cytoskeleton. The podocyte actually detaches into the urinary
space. Podocyte renewal through repopulation by progenitor cells is an active area of
investigation. So the answer to the first question, about the rate of turnover, is: ex-
tremely slow. It’s not even clear that it turns over at all. We are just looking at diabetes
models now. I’ve been fortunate enough to be part of an animal-models study that the
NIH has done, and I think we are now finally getting some animal models that seem to
better replicate human diabetic kidney disease.

Stokes, Iowa City: John, very nice work. I had a general question that might be
relevant for people that are listening to this and thinking about glomerular disease. So,
we know that there are many protein defects in the podocyte that can produce protein-
uria and predispose to chronic kidney disease and progressive renal failure. If one takes
a list of these defects—I think the list may be more than 20; I haven’t kept track right
now—but there are a lot of proteins that can be damaged or deranged in the podocyte
that will produce these kinds of effects. So one question for you: To what extent might
your interacting protein, which is essentially a transcription factor, alter the transcrip-
tion and production of a variety of proteins that might be deranged in a whole variety of
illnesses such as diabetes, or something like that, and to what extent do these things all
come together to produce illness?

Sedor, Cleveland: I’ll answer your question in two parts. We’re interested in knowing
what genes WTIP regulates, and in fact we wanted to use laser-capture microdissection of
the glomerulus and compare gene expression between wild-type and the knockout Wtip null
mouse to that in the normal mouse. WT-1, which interacts with WTIP in the nucleus, for
example, does regulate a number of the genes that you are referring to. So I think it is a
likely possibility that WTIP can regulate the expression of genes known to cause glomer-
ular diseases. I think the other thing we need to do is to start to synthesize the data. When
we have looked at the data published on other proteins in the WTIP family, we’ve found
that all of these molecules regulate assembly of the actin cytoskeleton, in part though
changes in activity of Rho family G-proteins. These G proteins may be interesting targets
for the pharmacologic treatment of glomerular diseases. Some drugs affect pathways
regulated by Rho family G-protein activity, and others are under development. Drug
companies aren’t particularly interested in developing new therapies for chronic kidney
diseases, but as the basic mechanisms in the pathogenesis of glomerular disease are
defined, we can take advantage of drugs developed to treat other diseases. The use of ACE
inhibitors to treat kidney disease provides a successful example of co-opting a drug devel-
oped for one use, in the case of ACE inhibitors as anti-hypertensives agents, for use in
kidney disease. I think the big problem, for our discipline, has been that we don’t have a
durable infrastructure where you can begin to design some of these trials for glomerular
diseases. I hope that in the next few years we nephrologists will be able to address this issue
by using the approaches successfully implemented by oncologists, who rapidly test new
drugs in humans.
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Rosenwasser, Kansas City: Congratulations on a very elegant study. When I was
chief resident at UCSF, Holly Smith told me that if you are a hammer, everything looks
like a nail. So when I look at a podocyte, I am wondering if it’s related, at all, to dendritic
cells or macrophages or cells of the innate immune response. For example, is WTIP
expressed in a host response to an immune inflammatory trigger?

Sedor, Cleveland: We haven’t looked at that. I’m not sure the podocyte is related to
dendritic cells. In terms of differentiated podocytes and podocyte cytoskeletal architec-
ture it seems to be most related to neurons. There’s a lot of similarity between them in
some of their structural proteins.

Barondess, New York: I want to ask a reciprocal of Phil Mackowiak’s question. I,
too, was struck particularly with the earlier display of the geographic distribution of
chronic kidney disease and renal failure. The particularly heavy incidence in the South-
east overlies a similar map that was produced some years ago describing a sarcoid belt
in this country. That earlier map also overlaps with the distribution of low-income
populations in the US, and the difference in distribution of the African-American
population at that time. A related comment is that if you’re looking at end-stage kidney
disease, you’re looking at the results of insults that occurred some time before. So I guess
my question is, what about the possibility of socio-cultural influences on this and racial
and ethnic influences on the risk of the initial insult that leads to this end stage?

Sedor, Cleveland: Well that’s a complex question, and I think that there’s no
question that socio-cultural influences contribute to chonic kidney disease prevalence. In
fact, chronic kidney disease is one of the “poster children” for investigators working on
health disparities. My colleague Ashwini Sehgal has an NIH P60 grant to look at the
effect of socio-cultural disparities and their role in the prevalences of a variety of kidney
diseases. I might add that I have been fortunate enough to be a part of a big consortium
that’s looking at genes for nephropathy. We’ve identified a locus associated with non-
diabetic kidney disease in African-American patients. The specific genetic variants
underlying the association were discovered by Martin Pollack at Harvard. So the answer
to your question is that chronic kidney disease likely reflects both underlying patho-
biology and the results of socio-economic disparities. That actually puts some genetic
basis to the fact that African-Americans may have an excess burden of kidney disease.
So I think the answer is that it’s both things. And clearly, socioeconomic disparities are
important in the prevalence of chronic kidney disease.

Alexander, Atlanta: I also had a question about the map. The possible epidemiology
in that that map also looks very similar to the maps for body mass index as it has
expanded from the stroke belt or kidney-failure belt or whatever you like to call it to
virtually extend nationally, and there is something in the environment causing that.
I guess the lesson is that there are environmental elements that are contributing
powerfully to this.

Sedor, Cleveland: I think that you are absolutely correct and have identified the
inter-relatedness between a number of conditions that comprise the chronic-disease
epidemic discussed in an article in Nature several years ago. CKD is just one of those
conditions in this epidemic.
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