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Summary it is the dysregulation of this highly imgeated system that

] o i o ] _may lead to man of the complications associated with
1. Diabetic kidng disease is initially associated with yiapetic kidng diseasé

hypertens@on qnd increased urinaryusitin eccretion. The The hypertension usually obsed/in patients with
hypertension is mediated by enhanced volumgassion giapetic nephropaghis well recognised to be mediated by
due to enhanced salt anater retention by the kidgeThe  \,olume expansion due to enhanced salt aatbmretention
increased urinary albumin is not only due to increasqg, the kidng®. This suggests a dyselation of the normal
glomerular leak bt to a decrease in albumin reabsorptiop,echanisms to maintain volume homeostasis occurs in the
by the proximal tubule. The precise molecular mechanismgapetic milieu’ long before a functional decline in renal
underlying these tw phenomena and whether there iy angnction deelops. Microalluminuria is well recognised as
link between the increase Naetention and proteinuria being associated with primary glomerular pathofogy
remain unresolved. _ However, there is nw clear evidence that the renal tué
2 There is significant evidence 10 suggest tha{as a critical role in the reabsorption of filterecatin and
increased Naretention by the proximal tute N&-H" in the deelopment of albiminurid. As microalbuminuria
exchange isoform 3 (NHE3) can play a role in some formg,g yolume-mediatedyhertension occur in patients with
of hypertension. Increased NHE3 activity in models ofjizpetes mellitus, this may suggest a more direct
diabetes mellitus, may explain in part the enhanced S?éWationship between albumin handling and *Na
retention observed in patients with diabetic kiddisease. reabsorption. This wew will focus on the possible

3. NHE3 also plays a role in receptor mediatedompartmentalised roles of NHE3 in Neeabsorption and
albumin uptale in the proximal tubule. The uptakd 55 min uptale in te proximal tubule and ko the
albumin requires the assembly of a macromolecuquaﬁicking of NHE3 between the v functional
comple that is thought to include the guetin/cubulin compartments may provide a link toxpiain the co-

receptoy NHE3, the vacuolar type ™ATPase gisience of hypertension and albuminuria in diabetic
(v-H'-ATPase), the Clchannel, CIC-5 and interactions with yephropatp,

the actin gtoskeleton. NHE3 seems to exist in dw Under normal conditions, the kidye filter
functionally distinct membrane domains, oneolied with approximately 180 lires of blood and reabsorb
Na* reabsorptior? and the othewatved i_n allumin uptale. approximately 1.7 kg of NaCl per dayThe proximal
4 This review focuses on the evidence ded from )l facilitates ‘bilk’ reabsorption of N responsible for
in vivo dudies as well as complementary studies in celfy.7504 of tublar N& reabsorption. At the brush border

1 +i
culture models for a dual role of NHE3 in both "Namemprane of proximal tubules approximately 0.7 moles of
retention and albumin uptake. eWsuggest a possible gogium are reabsorbed per hdur Thus relatiely small
mechanism by which disruption of the proximal ulb changes in the capacity of the proximal tubule to reabsorb
albumin uptale mechanism in diabetes mellitus may lead tq5+ and water in response to edions in plasma glucose
both increased Naetention and proteinuria. or cytokine leels may result in dramatic changes in*Na

Diabetes mellitus, hypertension and albuminuria retention and volume expansion.

+ g+ + H
Diabetic nephropathis the most prealent cause of Na'-H" Exchanger Isoform 3 and Na™ Retention

chronic renal dilure and end-stage renal disease in the  The Juminal reabsorption of Nain the proximal

Western world and can account for up to 40% of thg pye is achieed primarily by the secondary acé
patients requiring renal replacement thgtaihe onset of transport of the NaH* exchanger isoform 3 (NHE3)
renal filure in patients with diabetes mellitus is associat§glediated by the Nagradient generated by the basolateral
with ~ hypertension —and increased urinary Wmn  Na.K+.ATPasé. There are ne sevaal lines of @idence
excretiorf. Although mesangial xpansion, glomerular suggest that changes in the \dtti of NHE3 may be
hypertroply and thickening of the glomerular basemenfinkeq to hypertension. Importantlya recent study in
membrane leading to hyperfiltration and microafiinuria hypertensie atients found that proximal tute Na
are hallmarks of diabetic nephropgttit is the degree of (eapsorption was an independent determinant of the blood
interstitial fibrosis that more closely correlates with thgressyre in elume-dependentyipertensio®. Similarly, a
decline in glomerular filtration rateThe tutulointerstitium  aquction in NHE3 actity has been reported in acute

represents a dynamic environment that maintains tfpl9pertensioﬁl,12 implicating a role for NHE3 in pressure
structural and functional homeostasis within the kydaed 1\ 5iriuresis.
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Several studies in spontaneouslygdertensie rats glucose via SGIL-1 transporters may contike to
(SHR), a commonly used model for human essentiaicreased Nareabsorption by the kidgé!. Howeve, when
hypertension, are consistent with a role for NHE3 in ththe significant role that NHE3 plays in Nand fluid
genesis of volume expansion. In theul@s of normal rats, reabsorption in the proximal tuke is taken into account,
Na'-H* exchange activity ws inhibited by paragmoid hypemglycaemia-induced increases in the \attiof NHE3
hormone (PTH) and dopamine utb stimulated by potentially also contrilte to increased Naretention and
angiotensin Il (Angll) and norepinephrine. uliules related volume expansion.
obtained from SHR tubules, Wwever, were not respong: The first evidence that NHE3 was increased in the
to PTH or dopamine and thevls of stimulation by Angll proximal tubule in diabetes was provided by Harris and co-
and norepinephrine were significantly reddéedrhese workers in 1988 who demonstrated increased *N4t
imbalances could conttilbe to the deglopment and exchange in brush borderesicles from rats induced to
maintenance of hypertension in this mdélel NHE3 diabetes with streptozocin (STZ). Micropuncture studies in
activity was also found to be elgted in a further study in our own laboratories ka dso clearly demonstrated in STZ
SHR rats, with v-F-ATPase also implicated in the rats that there is a pronounced increase in tubuldr Na
regulation of N& transport in the proximal tuiie'®. reabsorptioff2*and that this increase was primarily due to
Consistent with the ale gudies, proximal tubule cells enhanced NHE3 aeity?>. In vivo models of diabetes
freshly isolated from SHR demonstrate a 3-fold increase mellitus using STZ rats ka dso demonstrated altered
NHE3 activity with a 50% increase in NHE3 protéin renal handing of Hand increased HCP absorption, a
Furthermore, in SHR there appears to be defeatupling result attributable to increased NHE3 wityi?S. In vitro
of the dopamine receptor to agéryclase, resulting in an analysis of intact tubules and freshly isolated proximal
alleviation of the cAMP mediated inhibition of NHE3, with tubule cells from STZ rats has shown increased NHE3
subsequent elation in Na retentiod®. In a more recent protein expression and adty?’. In addition, studies from
study it was found that proximal tulles of 5 week old our lab and others in cultured opossum kid(@K) cells
SHR had greater Vels of NHE3 and v-F+ATPase actity have down that &posure to high glucose for 48 hours
compared to age matched normoteaddonryu rats. These results in a significant increase in both NHE3 miR&hd
findings led the authors to conclude that enhanced proxinmabteirf2°
tubule fluid reabsorption is likely to contrte to the Furthermore, there kia keen at least tav reports in
development of high blood pressure in young SHR humans that she increased proximal tuttar Na
Immunofluorescence studiesvealed that there was a reabsorption in patients with diabetes mellitus. A study in
significant leel of redistritution of NHE3 in the proximal children with Type 1 diabetes found a significant increase
tubules in both SHR and Goldblattypertensie rats ([(20%) in proximal tublar reabsorption as determined by
providing evidence for the dynamic role of NHE3 in statefractional lithium clearané® Similar studies in adults
known to alter proximal tubular Naeabsorptiot?. with Type 2 diabetes also found @0% change in

Further conclusie evidence for the role of NHE3 in reabsorption ratés Thus, considerable evidence exists that
control of blood pressure was demonstrated using NHHE3e NHE3 mediated component of renal salt reabsorption
knoclkout transgenic mice. Microperfusion studiegeeded may be at least in part responsible for thgdrtension
that fluid and HCQ reabsorption were reduced byobserved in patients with diabetes mellitus.

[60-70%, demonstrating that NHE3 is the major apical ) ) )

transporter mediating Naand HCQ' reabsorption in the Albumin uptakein theproximal tubule-a

proximal tulule. These changes were associated with sm&acromolecular complex reliant on NHE3 activity?

but significant decreases in blood pH and HJ,CGB.
!mportantly the systolic gnd_ mean arterial blood pressurgs, o o1 cial role in reabsorbingydiitered allumin®2. The
in these mice were significantly reduced. These da&%nce

theref ' th i that th . N ntration of albumin in the glomerular filtrate in rats
erelore suppor € e tha € major renal Na 4nq dogs ranges from <1 to 50 mg/IRecently the

%oncentration of albumin in humans has been estimated to
be 3.5 mgA® which translates to approximately 630 mg of
NHE3 in diabetes mdlitus albumin being filtered per day by the human kigme
However, only around 30 mg is normallyxereted in the
As discussed ale, diabetes mellitus is associatedurine per dayindicating that the tubes reabsorb at least
with renal NaCl retention andkganded extracellular fluid 95% of all albumin filtered at the glomerulus. The uptak
volume, characterised by systemic suppression of the renof- albumin by the proximal tulbe from the glomerular
angiotensin  system. olume expansion is Igely filtrate has been shm to occur by a highly ast receptor-
responsible for hypertension in diabetes mellitus and mayediated endocytotic patlyy  involving the
contritute to the altered haemodynamics responsible famegdin/cubulin comple* (Figure 1). The albumin is then
diabetic nephropagh Diabetes mellitus is associated withtrafficked to the lysosomes where it is beokdown to its
chronic or intermittently high plasma glucoseds, which  constituent amino aci@s Importantly the C-terminus of
are implicated in a number of agtge effects on the kidme megdin contains numerous potential protein binding
There is widence to suggest that increased' llax with domaing®. Recently it has been demonstrated thfitieht

It has long been recognised that the proximalileib

term control of arterial blood presstité°
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Figure 1. Macromolecular complex wrolved in pracimal tubule albumin endocytosis(1) In the plasma membrane at the
intravillar cleft CIC-5, v-H-ATPase NHE3 and megalin associate by C-terminal tail imtgtions with scaffold pteins

that anchor the compteto the actin cytosideton. (2) When albumin binds thegalkin/cutulin complex, endocytosis is ini-
tiated. (3) As the nascent endosome forms it ishpithaof from the membrane by dynamin. Entry into the cytoplasm
requires the dissolution of the local actin filaments. This involves the C-terminal tail of CIC-5 recruiting the actin depoly-
merising protein cofilin to the compleAt this stge he endosome containgteacellular fluid high in N& with a neutal

pH. It is thought that NHE3 may initiate endosomal acidification by eleetital exchang of endosomal Na for cytoso-

lic H*. (4) When the Nagradient is dissipated, the v:HATPase continues the acidification and CIC-Bydes the neces-

sary anion shunt and albumin dissociates from the megalin/cubulin complex.

trafficking of madin through the endosomal pathway ishas also been demonstratedvitro using OK cells, that
dependent on interactions of its C-terminus with the adaptdHE3 plays a role in albumin uptak This is based on
protein ARH®. The dependence on the gaén/cubulin  several papers from the laboratory of Gekle and our
complex for the constitutie reabsorption of albumin is own?®4° shaving that pharmacological inhibition of NHE3
evident in mgdin knock-out micé” and cubulin deficient with amiloride analogues or HOEG694, or inhibition of
dogs® both of which hae ponounced v molecular NHE3 with o/clic adenosine monophosphate, results in
weight proteinuria and albuminuria. pronounced decreases in albumin uptdk Most

In addition to the mgdin/cubulin receptor compbe  convincingly in NHE3 deficient OK cells, albumin uptak
there is nw increasing evidence deed from knoclout is efectively abolished while reintroduction of NHE3
models and disease states that the albumin gtidoc normalises albumin upta®. The most likely gplanation
complex consists of a number of accessory plasmfor this effect of NHE3 is that it plays a role in the initial
membrane transport prote¥fisThere is a clear requirementacidification of the nascent endosome, by acting to dissipate
for the v-H-ATPase, the pump that is responsible for théhe high intraendosomal Na&oncentration inxxhange for
acidification of the endosome and lysosoth@sSigure 1). It cytosolic H'. Interestingly it has been reported that NHE3
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binds mgdin via a C-terminal tail interaction, suggestinglevels of megdin/cubulin at the plasma membrane also
that NHE3 may play an additional role as a moleculattributed to defectie rrafficking®®. These findings strongly
scaffold. Although there are no reports of proteinuria irsuggest that CIC-5 has an additional role imeting ley
NHE3 knoclout mice, this model is characterised byese proteins iwolved in allumin uptale to the plasma
volume depletion, a significant reduction in glomerulamembrane. Consistent with the role of CIC-5 at the plasma
filtration and an associated reduction in filtered préfein membrane, we k& wed surice biotinylation to
Hence the specific role of NHE3 in Neeabsorption in this demonstrate that CIC-5 is present at the cell aserf
model is difficult to ascertain. (unpublished observations; 3.

The critical role of epithelial ion transport in tuar We haverecently ivestigated a potential mechanism
albumin transport is x@mplified in Dents dsease, where by which the C-terminal tail of CIC-5 can regulateuaitin
inactivating mutations of the CI channel, CIC-5, uptale. We found using a yeast 2¢brid screen and
significantly inhibit tubular albumin reabsorptf8n In  glutathione S-transferase (GST)-pulldes that CIC-5
patients with Deng dsease there are genetic abnormalitiemteracted with the ubiquitouslyxpressed actin binding
in CIC-5 leading to defects in channel trafficking or channgrotein ~ cofilif® that is ivolved in  actin
functiorf243 that in turn result in v molecular weight depolymerizatiobt. We reasoned that the passage of the
proteinuria as well as alminuria due to defeste proximal nascent endosome through the cortical actin web required
tubular protein reabsorption. A similarfeft on tulmlar remodelling of the actin microfilament network. By
protein uptak is dsened in CIC-5 knockout midé45 It  phosphorylating cofilin with LIM kinase and thereby
has been considered that the main role of CICas o inhibiting the remodelling of the actin web we were able to
provide an anion shunt for the poséi chage translocated inhibit albumin uptak in OK and LLC-PK1 cell§°. This
by the v-H-ATPase into the endosome duringstudy demonstrates a critical role for CIC-5 via its C-
acidificatiorf® (Figure 1). In support of this, in the kidree terminal domain in mediating remodelling of actin
of CIC-5 knockout mice, the uptalof markers of recepter microfilaments essential for albumin endocytosis. Our
mediated and fluid phase engtmsis is seerely current hypothesis is that, although CIC-5 is expressed at
impaired**®> and the acidification of the endosomes ishe plasma membrane, the ion channel activity is redundant
decreased. This finding is also consistent with thacf and that the protein plays aey mwle in mediating
that mary channels of the ClCafmily are beliged to ke macromolecular compte assembly This occurs via C-
involved principally in rgulating intracellular Cl terminal tail scaffolding interactions with proteins directly
movement. involved in albumin endocytosis (viHRTPase and

More detailed analysis, tever, of the CIC-5 megdin/cubulin) as well as accessory proteins such as
knockout mouse suggests that CIC-5, as well as acting as@filin to form a localised and specialised endiac
anion shunt, plays an additional role in wdbn comple (Figure 1).
endocytosi®. If CIC-5 were acting solely as an anion Taken together these data suggest that wifin
shunt, it would be predicted that the nascent endosomptale by the proximal tuble requires the assembly of a
would be able to form and that the frefing of the macromolecular compke at the plasma membrane that
endosome wuld only be affected at a later (earlyinvolves mgdin/cubulin, CIC-5, NHE3 and v-HATPase.
endosome) stage when significant electrogeni¢ HDetermining the molecular composition and fuldb
movement occurs. This is particularly re@t when associated with this compleand the precise grilatory
considering the role of electroneutral NHE3 exchange mechanisms represents aykresearch focus in renal cell
initiating endosomal acidification, because thiould physiology.
remore the need for electrogenic transport of* H ) o )
immediately following the budding of the endosome fronftlPumin uptake in diabetes mellitus
the membrane. In support of this, there are reports
indiqe}ting that the v-FiATPase is not required for in the capacity of the proximal tule to reabsorb
acidification of the early endosofife ) albumirP?, and this may een precede glomerular damage,

In the brgsh borders of Cl.C'S knock_out miopesed demonstrating the importance of yeeting tulular
to the endocytic mask horseradish peroxidase, the neark dysfunction early in the course of diabetes mellitus. Further

was found to be trapped in a sub-plasmalemmal Pr&lidence comes from studies in rat models of diabetes
endogtotic compartment andhiled to enter the endosomalrnellitus Absolute tubular reabsorption of itin is

5 L . . i
pathway®. This is somewhat surprising, since if the.decreased in STZ r&fsand ultrastructural studies Ve

v-H*-ATPase and hence anion shunt are not required dur'gﬂcwn a decrease in almin uptale and a reduction in the
nascent endosome formation, ibwd be expected that thelevels of maydin in the kidngs of STZ rat¥ It is

Iapel Wt?]mq entetr tr:e egrtlyther;dtzsomal (;pmdpa;rtrr:ent. Tm’?‘lportam to note that the presence of increasedldub
raises the important point that the engodc defect may protein werload leads to the g@elopment of inflammation

also be occurring earlieat the formation of the nascent and fibrosi® via actvation of the nuclear dctor«B

gpdosomeh. Fl.mhi: \xtaftsrtllgaltlons f'n p?tlefnttﬁ WCM: Derst F-kB) transcriptional pathay?2. This in turn induces the
ISease showing that the 1oss of part of tné &-erminus B, q,,ction of a number of proinflammatory stimuli such as

CIC 5 also results in mistrliEking of the v-H-ATPasé® o
; . I ulated upon actétion, normal T cell expressed and
and in CIC-5 knoctiut mice there are significantly reduceJeg P P

Paients with diabetes mellitus slvaa dear reduction

78 Proceedings of the Australian Physiological and Pharmacological Society (3804)



D.H. Hryciw, E.M. Leg C.A. Pollok P. Foronnik

X
3
Lysosome
O NHE3
megalin
' albumin

Figure 2. Possible alteration in NHES3 traficking pathways in diabetes mellitusPanel A: Under normal conditions in
proximal tutule cells the majority of NHE3 exists in recycling endosomes froneuttierinserted into the miowilli (1) to
reabsorb N&. Because of its role in albumin up&gka poportion of the NHE3 may therafmslocate to the intravillar cleft
whete is associates with ngalin/cutulin (2). This compleis then internalised and the NHE3 either returned to &y
cling endosomes or deded in the lysosomes (3panel B: The proteinuria associated with diabetes mellitus is in part
due to an inhibition (x) of the normal albumin upgiathway in the proximal tube. As a esult, the endocytosis of NHE3
via the mgalin-associated pathway (2) is inhibited. Hee insertion from the recycling endosomal pool is né¢ciéd
(1), resulting in an accumulation of NHES in the roigtar pool and increased Nareabsorption with proteinuria.

secreted (RANTES), mongie chemoattractant protein-1appears to be a direct link between NHE3 végtiand
(MCP-1) and transforming gngh factor beta (TGPB1°%). albumin uptale in OK cells. Furthermore, it has been sho
TGF{1 is regaded as the &y inflammatory cytokine in in OK cells eposed to pathophysiologicaivigs of allumin
diabetic nephropath Furthermore, it has been shown thasimilar to those xpected in diabetic nephropgththat
elevated lesels of intrarenal Ang Il may in fact mediate thealbumin uptale is reduced. Thigs due to a decrease in the
autocrine production of TGHR. In fact, a recent study in number of albmin binding sites by an as yet undetermined
STZ rats has shen that Ang Il blockade restored wlbr mechanism that may \nlve dtered rates of trafficking of
albumin uptale, further highlighting the renin-angiotensinmegdin to or from the cell membraf® It has been shvan,
system in the delopment of diabetic nephropafff. Inthe however, in both primary cultures of human proximal
OK cell model of albumin uptak it has been shown thatcells® and OK cell§®® that exposure to high
TGF{1 can regulate albumin uptake, by decreasing theoncentrations of albmin results in an increase in NHE3
binding, internalization and trfidking of the medin/ expression and aefity. A similar increase in NHE3
albumin comple®’. Given that TGP levds are elgeated activity in response to increased tdr albumin has been
in the diabetic kidng this may provide a partial reported in puromycin aminonucleoside nephrotictats
explanation for the molecular basis for the reduction in These data collecttly suggest that NHE3 mayist
albumin uptak doserved in wo. in different functional pools, one associated withuadin
Interestingly we have found that in OK cells, uptale and the other iwolved in N& reabsorption and not
exposure to high glucose results in an increase innaillb involved in allumin uptale (Figure 2). The evidence for the
uptake?®. This effect is specific for glucose and not due tpresence of NHE3 in twdifferent pools in the proximal
an osmotic effect and may occur as a result of the incredsbule brush border @s presented in a recentiesv by
in NHE3 activity that is knen to accompanexposure to  McDonough and BiemesderfetOne pool is located in the
high glucosé?® It is likely that under these in vitro microvilli and the other in the intermicrovillar cleft where
conditions, leels of autocrine TGB1 cannot reach the NHE3 co-localises with ngain. A humber of studies va
levels required to inhibit albmin uptake. Thus there shavn that NHE3 can shuttle between theotgools in
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response to acute hypertension and other sfinitiis this  functional features of the proximal tubule, namely NHE3
association with ngdin by an as yet uncharacteriseddependent Na uptale and maydin/cubulin  mediated
molecular interaction that may explain the apparent rolbumin uptale. Therefore, although much can be learned
that NHE3 plays in albumin uptek Furthermore, recent from studies in OK cells about engtic complex assembly
studies in OK cells hee shown that a fraction of NHE3 is and regulation of almin and NHE3, care must be
located in lipid rafts and that this may represent fediht execised when xdrapolating these data to the situation in
functional microdomain within the plasma membf&ifé the intact proximal tubule. Nertheless, experiments in the
Based on the existence of fdifent functional pools cultured cell system can yield muchlwable information
of NHE3, we postulate the foling model that links regarding precise molecular interactions under defined
increased Na retention and proteinuria in diabeticconditions. For example, studies the on the role of NHE3
nephropathh (Figure 2). (i) NHE3 gists primarily in uptale in OK cells hae hghlighted an apparently
subplasmalemmal pools where it igitable for insertion in  facilitative function of NHE3 in albmin uptale that may
to the plasma membrane in response to numerous stimualdt hare keen as readily identified in studies in the intact
(i) A significant proportion of NHE3 is recycled/ remeol  proximal tubule or in NHE3 knockout mice.
from the membrane in conjunction with athin, such that )
NHE3 opportunistically exploits the highly aeti dbumin Conclusion
endogtic pathway for its recycling and that this represents
a oonstitutve regulatory pathvay for regulation of susce
levels of NHE3. (iii) The NHE3 associated with gdin is
not primarily irvolved in Nd reabsorption. (iv) When cells
are exposed to high albumin, the endic pathway is
reduced by an as yet uncharacterised mechanism, resul

in proteinuria (reduced albumin up&kand a reduction in proximal tullle brush border may in part explain the

the intgrnalisgtion rates of NHES. ,(V), This in_.tu.rn ma¥elationship between increased *Natention and reduced
result in a shift in the normal trafficking equilibrium Ofalbumin uptale chsened in diabetic kidne disease. It is
NHE3 with increased surface vids of NHE3 and becoming apparent that the location of NHE3 irfedént

.poten_tlatllon of Na& retention. W ae currently membrane domains is a critical determinant of NHE3
investigating the ®gact molecular mechanisms that MaY nction. In addition, albumin uptakby he proximal

underlie the differences in NHE3 trafficking and uatbn tubule involves a macromolecular comglat the plasma

uptale in_ @nditions of high glucose and high alt_)umin. membrane that irolves mgdin/cubulin, CIC-5, NHE3 and
It.'s _als_q reported t_hat exposure to h|gh glucos\';'-H+-ATPase. Determining the molecular composition and

rgsults in significant alterations in thyetmslgleton NMaR — scafolds associated with this compleand the precise

different cell types. In terms of the kidnedudies in regulatory mechanisms represents ey kesearch focus in

mesang|aldcells exposed tto fhlﬁh glq(t:[?;i/le?momnt renal cell plysiology A precise understanding of wahese
pronounced rearrangements of the acy eton thal = lecular interactions are altered in disease states such as

may contribute to the yperfiltration associated with diabetes mellitus will allw novel approaches to the

diabetes mellitl. In addition, microarray analysis of . : LA
: ' diagnosis and management of diabetic kjddisease.
mesangial cells k& demonstrated altered Vds of g g

expression of actin regulatory proteins in response to higbeferences
glucosé®. It is dso clear that both the tfadking of NHE3 _ .
and allumin uptale depend on an intacytskeletog®486¢ 1. Collins AJ, Hanson G, Umen A, Kiellstrand C,

There is nw compelling evidence for increased
proximal tubule NHE3 activity contnliing to the Na
retention that may underlie certain forms gfpértension
including the [pertension often associated with diabetes
mellitus. The gistence of functionally different membrane
ains and signalling/transporting conxge in the

In fact, we belige tat it is critical to use the inhibition of Keshaviah P Changing risk factor demographics in
albumin uptale by atin depolymerising agents to end-stage renal disease patients entering
demonstrate that proximal tubule cells in culture are taking ~ hemodialysis and the impact on long-term mortality
up albumin by a receptonediated pathey, as & cells Am. JKid. Dis.1990;15: 422-32.

have te ability to tak up Imited amounts of albumin by 2. IbrahimHA, Vora JP Diabetic Nephropath Baillieres
pinogytotic mechanisms. In proximal tule cells, the actin Best Pact. Res. Clin. EndocrinolMetab.1999;13:

at the microvillar core and in the terminal actin web must ~ 239-64. .
be in a constant state of remodelling to facilitataumiim 3. ZiyadehFN, Snipes ER, Watanabe M, Ahez RJ,

endogtosis. Thusinteractions between the membrane Goldfarb S, Haerty TR. High glucose induces cell
proteins and theytosleleton are essential for theyraation hypertroply and stimulates collagen gene
of ion transport activity and transporter/channefficking, transcription in proximal tulde. Am. J Physiol.
control of vesicle meement and uptakas vell as assembly 1990;259: F704-14.
of signa“ing and macromolecular Corn*ﬂe at he apica| 4. Kriz W, Napiwotzly P. Sructural functional aspects of
membran®’ 68 the renal interstitumContrib. Nephrol. 1979; 16:

It is important to note that, cultured proximal e 104-8.
cells do not hee the etensie microvillar complex and 5. Bickel CA, Knepper MA, ¥rbalis JG, Ecelbarger CA.
intermicrovillar clefts characteristic of their in wo Dysregulation of renal salt and water transport
counterparts (for réew se€®) despite retaining the core proteins in diabetic Zu@t rats. Kidney Int. 2002;
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