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former editor of Cell and PLoS Biology will provide a workshop
on how to write a scientific paper.
Given the experience of the organizers with similar
hands-on courses, both at MDIBL and elsewhere, we believe
the training in this course will strengthen the research of participants, enhance their potential as future investigators, and
effectively reach others. We are hopeful that graduates will also
contribute to the teaching of mechanisms of fluid and electrolyte disturbances at our national medical centers. Fellows interested in taking the course and their fellowship directors can
log on to the course website for further information: http://
www.mdibl.org/courses/renal08.shtml.
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The proper interaction of integrins with glomerular basement
membrane (GBM) is essential for normal glomerulogenesis. In
addition, there may be interactions more relevant to glomerular injury. Recent findings provide new insights into the nature
and role of these interactions.
The role of the extracellular matrix (ECM) in kidney biology and disease has been the subject of vast numbers of studies.
Indeed, the GBM is one of the classic models for studying basement membrane function and structure, in part because of its
important role in glomerular disease. Thus, we know quite a lot
about its components and receptors. For example, there are
interesting shifts in expression of laminin and type IV collagen
isoforms during maturation of the GBM.1 Why might these
changes in the constitution of the GBM be important? First,
they reflect different functional requirements for the GBM as
the glomerulus matures, related to ultrafiltration or protecting
podocytes from potentially damaging agents in the circulation.
Second, because integrin receptors for the ECM transduce signals to the inside of the cell upon interaction with their respective ECM ligands, the GBM must be viewed not only as a structural component of the glomerulus but also as information to
the podocyte about its surroundings. Therefore, changes in the
constitution of the GBM are likely to modulate signals transPublished online ahead of print. Publication date available at www.jasn.org.
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duced into podocytes that conceivably effect gene expression,
cytoskeletal assembly, and cellular metabolism.
These possibilities remain mostly speculative for the time
being, however. For example, interactions between the GBM
and its receptors, primarily members of the integrin family, are
essential for podocyte foot process assembly. Mice carrying
mutations in either ␣3 integrin or some isoforms of laminin
and type IV collagen are unable either to assemble or to maintain foot processes.2–5 Sometimes these phenotypes are evident
at birth; in other cases, they take time to manifest. The same is
true of mutations in GBM-encoding genes in humans. It
would follow from these observations that shifts in expression
of laminin and type IV collagen isoforms lead to differences in
signal transduction by integrins that modulate specific steps in
foot process assembly. Although intriguing, there has yet to be
any evidence for this possibility.
A study reported in this issue of JASN by Borza et al.6 brings
renewed attention to the interactions of the GBM with integrins on podocytes. Using immortalized human podocytes,
these authors show that a KRGDS motif located adjacent to the
␣3NC1 domain of type IV collagen is ligand for ␣v␤3 integrin.
This is particularly interesting for two reasons. First, this motif
is present only in ␣3 type IV collagen in humans and other
primates but not in other mammals, including rodents. Did
this motif confer a selective advantage during primate evolution? Second, KRGDS is a potential phosphorylation site for an
extracellular kinase, GPBP, and perhaps other as-yet-unidentified kinases.7 Although Borza et al. did not examine KRGDS
phosphorylation in this study, other reports suggested that
phosphorylation of this RGD motif augments cell attachment
and, conversely, that dephosphorylation decreases attachment. In considering the GBM as “an information pallet” for
podocytes and endothelial cells, variable phosphorylation of
these moieties adds an additional level of complexity beyond
that provided by the differential gene expression of distinct
isoforms of collagen and laminin.
The knockout of the ␣3 integrin gene in mice immediately
indicated an important role for ␣3␤1 integrin in podocyte foot
process assembly,4 and loss of ␣1␤1 integrin renders glomeruli
more sensitive to injury.8 The role of other integrins expressed
by podocytes remains more enigmatic. This is especially true of
the ␣v-containing integrins, including ␣v␤3 and ␣v␤5. Much
of the early work on these two integrins, using blocking antibodies, suggested their crucial role in basic processes of angiogenesis and vasculogenesis.9 Thus, it was a surprise when a
portion of embryos with ␣v integrin null alleles underwent
relatively normal embryogenesis and then succumbed to hemorrhage of major vessels (although the great majority die midgestation, probably as a result of placental defects).10 Importantly, because of possible functional redundancies among
integrins, the lack of very early vascular abnormalities in the ␣v
null embryos should not be interpreted to indicate that ␣vcontaining integrins are not important in vascular development.
Where does this leave us in considering a role for ␣vJ Am Soc Nephrol 19: 649 – 655, 2008
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containing integrins in glomerular function? There has not
been a detailed examination of kidneys in ␣v null mice or in
conditional knockouts of the gene encoding ␣v integrin in
any kidney lineages; therefore, it is possible some kidney
defects have been missed. Conversely, much of the ␣v-containing integrin in the glomerulus is thought to be ␣v␤3,
and ␤3 integrin null mice have relatively normal kidneys11
that would argue against a developmental role for ␣v␤3 in
kidneys. Borza et al. also demonstrated that ␣3␤1 integrins
bind the ␣3NC1 collagen domain and transdominantly inhibit adhesion mediated by ␣v␤3 integrin,12 suggesting regulatory interplay between integrins on podocytes. In addition, some recent evidence posits an important role for
␣v␤3 integrin in kidney injury.11 It is known that GPIlinked urokinase-type plasminogen activator receptors
(uPAR) interact with several integrins that modulate their
ligand-binding activities.13 Wei et al.11 showed that uPAR
and ␣v␤3 integrin co-localize in podocyte foot processes
and that uPAR-deficient mice are resistant to LPS-induced
foot process effacement. ␣v␤3 integrin is among those that
are modulated by uPAR, and activation of ␣v␤3 integrin in
glomeruli (engaged by an activation-specific antibody) is
decreased in uPAR-deficient mice.13 Finally, expression of a
constitutively active ␤3 integrin in podocytes results in proteinuria.
Together, the studies of Borza et al. and Wei et al. now
indicate a role for ␣v␤3 integrin in glomerular disease and
indicate a binding site for ␣v␤3 integrin in the KRGDS motif of human and primate ␣3 type IV collagen. Although the
latter study indicates a role for ␣v␤3 in glomerular disease
even in the absence of this motif in rodents, this does not
preclude a role for the motif in modulating glomerular
function in humans or from its having a role in human
kidney disease. Further studies will need to examine the
phosphorylation of this site in various models of glomerular
disease and the effects of mutagenizing this site to prevent
phosphorylation or integrin binding. Genetic studies in animals are difficult because this motif is not found in rodents.
Perhaps immortalized human podocytes can be used as an
in vitro model for additional studies.

EDITORIALS

basement membrane. Dev Biol 217: 278 –289, 2000
4. Kreidberg JA, Donovan MJ, Goldstein SL, Rennke H, Shepherd K,
Jones RC, Jaenisch R: alpha3beta1 integrin has a crucial role in kidney
and lung organogenesis. Development 122: 3537–3547, 1996
5. Kang JS, Wang XP, Miner JH, Morello R, Sado Y, Abrahamson DR,
Borza DB: Loss of alpha3/alpha4(IV) collagen from the glomerular
basement membrane induces a strain-dependent isoform switch to
alpha5/alpha6(IV) collagen associated with longer renal survival in
Col4a3-/- Alport mice. J Am Soc Nephrol 17: 1962–1969, 2006
6. Borza CM, Borza DB, Pedchenko V, Saleem MA, Mathieson PW, Sado
Y, Hudson HM, Pozzi A, Saus J, Abrahamson DR, Zent R, Hudson BG:
Human podocytes adhere to the KRGDS motif of the ␣3␣4␣5 collagen
IV network. J Am Soc Nephrol 19: 677– 684, 2008
7. Raya A, Revert F, Navarro S, Saus J: Characterization of a novel type
of serine/threonine kinase that specifically phosphorylates the human
Goodpasture antigen. J Biol Chem 274: 12642–12649, 1999
8. Chen X, Moeckel G, Morrow JD, Cosgrove D, Harris RC, Fogo AB,
Zent R, Pozzi A: Lack of integrin alpha1beta1 leads to severe glomerulosclerosis after glomerular injury. Am J Pathol 165: 617– 630, 2004
9. Brooks PC, Clark RA, Cheresh DA: Requirement of vascular integrin
alphavbeta3 for angiogenesis. Science 264: 569 –571, 1994
10. Bader BL, Rayburn H, Crowley D, Hynes RO: Extensive vasculogenesis, angiogenesis, and organogenesis precede lethality in mice lacking all alphav integrins. Cell 95: 507–519, 1998
11. Wei C, Moller CC, Altintas MM, Li J, Schwarz K, Zacchigna S, Xie L,
Henger A, Schmid H, Rastaldi MP, Cowan P, Kretzler M, Parrilla R,
Bendayan M, Gupta V, Nikolic B, Kalluri R, Carmeliet P, Mundel P,
Reiser J: Modification of kidney barrier function by the urokinase
receptor. Nat Med 14: 55– 63, 2008
12. Borza CM, Pozzi A, Borza DB, Pedchenko V, Hellmark T, Hudson BG,
Zent R: Integrin alpha3beta1, a novel receptor for alpha3(IV) noncollagenous domain and a trans-dominant inhibitor for integrin alphavbeta3. J Biol Chem 281: 20932–20939, 2006
13. Chapman HA, Wei Y: Protease crosstalk with integrins: The urokinase
receptor paradigm. Thromb Haemost 86: 124 –129, 2001

See related article, “Human Podocytes Adhere to the KRGDS Motif of the
␣3␣4␣5 Collagen IV Network,” on pages 677– 684.
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Podocytes are highly specialized epithelial cells with unique
structure and function that are essential to maintenance of the
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