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Abstract

Meprins are oligomeric metalloproteinases that are abundantly expressed in the brush-border
membranes of renal proximal tubules. During acute kidney injury (AKI) induced by cisplatin or
ischemia-reperfusion, membrane-bound meprins are shed and their localization is altered from the
apical membranes toward the basolateral surface of the proximal tubules. Meprins are capable of
cleaving basement membrane proteins in vitro, however, it is not known whether meprins are able
of degrade extracellular matrix proteins under pathophysiological conditions in vivo. The present
study demonstrates that a basement membrane protein, nidogen-1, is cleaved and excreted in the
urine of mice subjected to cisplatin-induced nephrotoxicity, a model of AKI. Cleaved nidogen-1
was not detected in the urine of untreated mice, but during the progression of cisplatin
nephrotoxicity, the excretion of cleaved nidogen-1 increased in a time-dependent manner. The
meprin inhibitor actinonin markedly prevented urinary excretion of the cleaved nidogen-1. In
addition, meprin B-deficient mice, but not meprin a-deficient mice, subjected to cisplatin
nephrotoxicity significantly suppressed excretion of cleaved nidogen-1, further suggesting that
meprin B is involved in the cleavage of nidogen-1. These studies provide strong evidence for a
pathophysiological link between meprin § and urinary excretion of cleaved nidogen-1 during
cisplatin-induced AKI.
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1. Introduction

Meprins are oligomer metalloproteinases of the ‘astacin’ family that were initially isolated
and characterized from brush-border membranes of kidneys (Beynon et al., 1981; Kenny
and Ingram, 1987) and intestines (Sterchi et al., 1982). Meprins are expressed as oligomeric
forms composed of a and/or § subunits. The heteroligomeric form comprised both of a and
{3 subunits (meprin ap) is called heteromeric meprin A and the homodimeric form comprised
only of meprin § subunits is called meprin B (Bertenshaw et al., 2003); (Bond et al., 2005).
Heteromeric meprin A as well as meprin B are expressed as membrane-bound forms in the
brush-border membranes of the renal proximal tubules (Bond et al., 2005; Sterchi et al.,
2008). Heteromeric meprin A is anchored to the apical membranes of proximal tubules via
the meprin p-subunit (Marchand et al., 1994). Homomeric meprin A is a homo-oligomer of
meprin a subunits that can form high molecular weight complexes and is a secreted form of
meprin A (Ishmael et al., 2001). During acute kidney injury (AKI) induced either by
cisplatin or ischemia-reperfusion, localization of membrane-bound meprins in the proximal
tubules was shown to be altered resulting in the redistribution of meprins toward the
basolateral surface of the proximal tubule. (Bylander et al., 2008; Herzog et al., 2007;
Walker et al., 1998). Since meprin p and heteromeric meprin A are membrane-bound
meprins, their redistribution during AKI suggests ectodomain shedding and a recent report
has demonstrated that a disintegrin and metalloproteinase domain-containing protein 10
(ADAM10) is involved in the shedding of meprin  and heteromeric meprin A from the
membranes (Herzog et al., 2014). Although, actinonin, a potent pharmacological inhibitor of
meprins, significantly reduced AKI due to cisplatin nephrotoxicity and IR (Kaushal et al.,
2013), there is very little information available on the pathophysiological substrates targeted
by meprins in vivo (Jefferson et al., 2013; Kaushal et al., 2013; Ongeri et al., 2011).

Current evidence for proteolytic degradation of target substrates by meprins has mostly
come from in vitro studies. These studies have demonstrated that meprins are capable of
hydrolyzing and processing a large number of substrates including basement membrane
proteins, cytokines, adherens junction proteins, hormones, bioactive peptides, and cell-
surface proteins in vitro (Jefferson et al., 2013; Kaushal et al., 2013). We previously
demonstrated that heteromeric meprin A purified from rat kidney cortices was able to
degrade extracellular matrix (ECM) proteins including collagen IV, laminin, nidogen,
fibronectin, and gelatin in vitro (Kaushal et al., 1994; Walker et al., 1998). Consistent with
the purified meprin from rat kidney, recombinant human meprin § was shown to degrade
ECM proteins in vitro (Kruse et al., 2004). The ECM proteins are known to play an
important role in epithelial cell attachment mediated by cellular receptors and specific
matrix components. Cell-matrix adhesions regulate important cellular functions and have
profound effects in cell proliferation, migration, and differentiation (Yurchenco, 2011).
However, very little is known about the alterations in ECM proteins and matrix remodeling
of the renal tubular basement membrane in vivo during AKI.

Cisplatin, a chemotherapeutic agent commonly used to treat a wide variety of solid tumors,
induces nephrotoxicity as one of the side effects (Miller et al., 2010) and limits its use in
higher doses to increase antitumor efficacy. Although the primary target of cisplatin in the
kidney is proximal tubular epithelial cells, the molecular mechanisms of cisplatin-induced
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nephrotoxicity are not completely understood. Currently, it is virtually unknown whether
ECM proteins are cleaved in vivo during cisplatin nephrotoxicity. When the laminin/nidogen
complex was incubated with heteromeric meprin A purified from kidney cortex, there was a
preferential cleavage of nidogen-1 and a cleaved fragment of nidogen-1 was produced
(Walker et al., 1998). However, under pathophysiological conditions in cisplatin
nephrotoxicity in vivo, it is not known whether meprins are involved in degradation of
nidogen-1. In the present study, using a potent meprin inhibitor, actinonin, as well as meprin
B-deficient and meprin a-deficient mice we provide evidence that meprin § is capable of
cleaving the basement membrane protein nidogen-1 during cisplatin-induced AKI.

2. Materials and Methods

2.1. Reagents

2.2. Animals

Cisplatin was purchased from Novaplus (Bedford, OH). All other chemicals were from
Sigma-Aldrich unless specified otherwise. The antibodies against meprin a (AF3220 and
AF4007), meprin 3 (AF3300), and pro-meprin p (MAB 28592) were from R&D Systems
(Minneapolis, MN). The nidogen-1 antibody (MAB 1886) was from Millipore (Temecula,
CA). Antibodies against GAPDH (sc-32233) and Na*/K*-ATPase (sc-28800) as well as all
HRP-conjugated secondary antibodies were from Santa Cruz Biotechnology (Dallas, TX).
Fluorescent-labeled secondary antibodies (Alexa Fluor 488 donkey anti-rabbit, Alexa Fluor
488 donkey anti-goat, Alexa Fluor 594 donkey anti-goat, and Alexa Fluor 594 donkey anti-
rat) were from Molecular Probes (Eugene, OR).

Male mice (C57BI/6n), 10-12 weeks old were purchased from Charles Rivers Labs
(Wilmington, MA) and housed with free access to food and water in accordance with
standard procedures. The animal protocol for these studies was approved by the Institutional
Animal Care and Use Committee (IACUC) of the Central Arkansas Veterans Healthcare
System. Meprin a-KO and meprin f-KO mice were a generous gift from Dr. Judith Bond
(Pennsylvania State University, Hershey, PA) and bred at our facility.

2.3. Cisplatin nephrotoxicity model of acute kidney injury and urine collection

Male mice (10-12 weeks old) were injected intraperitoneally (i.p.) with a single dose of
cisplatin (20 mg/kg body weight). To examine the effect of the meprin inhibitor actinonin,
mice received a single injection i.p. of actinonin (in saline/EtOH) in a dose of 20 mg/kg
b.w., one hour before the injection with cisplatin. Control mice were injected with vehicle.
Animals were kept in metabolic cages (4 mice per cage) and urine samples were collected
onice at 4, 8, 12, 24, 48 and 72 hours after injection with cisplatin. Urine samples were
supplemented with EDTA to final concentration of 5 mM, pH 8.0 and centrifuged at 1000 x
g for 5 minutes at 4°C. The cleared supernatants were stored at —20°C until used for western
blot. Control urine samples were obtained from the same mice a week before starting the
cisplatin treatment. Kidneys were harvested and fixed in formalin for histology and
immunohistochemistry or snap-frozen in liquid nitrogen and stored at —80°C until used for
western blotting. BUN and creatinine were determined from serum collected at the time of
sacrifice using the diagnostic kits from Pointe Scientific (Canton, Ml).
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2.4. Immunohistochemistry

Deparaffinized kidney sections (5 um) were immunostained with polyclonal goat anti-
meprin B antibody or anti-meprin a antibody and polyclonal rabbit anti-Na*/K*-ATPase
antibody at 4°C overnight. After washing with phosphate-buffered saline (PBS), slices were
incubated with secondary antibodies donkey anti-goat Alexa Fluor 594 or donkey anti-rabbit
Alexa Fluor 488 and nuclei counterstained with mounting medium containing DAPI
(Vectashield, Burlingame, CA). Epi-immunofluorescence was recorded on an Olympus
BX51 microscope. For immunostaining of nidogen-1, frozen sections of perfused mouse
kidneys were incubated with polyclonal goat anti-meprin 3 antibody and monoclonal rat
anti-nidogen-1 antibody.

2.5. Genotyping of meprin a-KO and meprin B-KO mice

Mouse tail biopsies were digested overnight with proteinase K to prepare genomic DNA.
For detection of meprin 3 by PCR the protocol described (Norman et al., 2003) was used
with LA Tag DNA polymerase ( TakaRa, Clontech). The expected product size of the
meprin  amplicon of the meprin 3-KO mice is 3.7 kb and the meprin § amplicon of wild-
type mice is 2.2 kb. For the detection of meprin a by PCR the protocol described (Yura et
al., 2009) was used with the following modification for the reverse primer: 5’-
GAAAAGGCAGGTAAGACAATGTGCCTG-3'. The expected product size for the meprin
a amplicon of meprin a-KO mice is 4.5 kb, the meprin o amplicon in wild-type mice is 3.3
kb.

2.6. Meprin a and meprin B expression in kidney tissue

Kidney lysates were prepared in Cell Lysis buffer (Cell Signaling, Danvers, MA)
supplemented with 1 mM PMSF, 1 pg/ml pepstatin A, 1 pg/ml leupeptin using a Dounce
homogenizer. The lysate was spun at 16000 x g for 10 min at 4°C and the protein
concentration of the supernatant was determined by bicinchoninic acid (BCA) protein assay.
Equal protein amounts (40 ug) were separated by 7.5% PAGE-SDS and western blots
probed with antibodies to meprin a and meprin . Blots were stripped and reprobed for
GAPDH as loading control. Signals were detected by chemiluminescence (SuperSignal
WestPico, Pierce, Rockford, IL).

2.7. Urinary excretion of cleaved nidogen-1

Urine samples were collected as described above under “Cisplatin nephrotoxicity model of
acute kidney injury and urine collection”. Aliquots of equal protein content were separated
by 10% PAGE-SDS and western blots probed with antibodies to nidogen-1. Signals were
detected by chemiluminescence (SuperSignal WestPico). Bands of the excreted nidogen-1
fragment were analyzed by densitometry using QuantityOne software (BioRad Laboratories,
Hercules, CA).

2.8. Statistical Analyses

Data are presented as the mean + SEM. p< 0.05 was considered significant. Statistical
analyses were performed by pairwise comparison of samples using Student's T-test.
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3.1. Meprin g distribution and expression in kidney sections in response to cisplatin

Double-immunofluorescence staining of kidney sections with meprin B (red) and Na*/K*-
ATPase (green) confirmed that meprin 8 localization is altered in the injured kidney during
cisplatin nephrotoxicity (Herzog et al., 2014; Herzog et al., 2007; Kaushal et al., 2013) (Fig
1A). No meprin staining was observed in the luminal surface of distal tubules, glomeruli,
and collecting ducts. Kidney sections obtained from the cisplatin nephrotoxicity model were
also immunostained with meprin  (green) and basement membrane protein nidogen-1 (red)
antibodies (Fig 1B). Nidogen-1 showed clear staining (red) of the basement membranes of
kidney sections from both control and 3d cisplatin-treated mice. Meprin staining in 3d
cisplatin sections was redistributed throughout the proximal tubule and toward the
basolateral plasma membrane. Thus, meprin 3 with its enormous degradative potential may
be detrimental in renal injury due to altered localization and processing during AKI. meprin
B protein levels weremarkedly decreased in 3d cisplatin-treated mice whereas there was no
change in the meprin a expression (Fig 1C). The decrease in meprin f is attributed to the
increased excretion of meprin B in response to cisplatin.

3.2. Effect of actinonin on altered distribution of meprin a and meprin 8 in response to

cisplatin

Double-immunofluorescence staining of kidney sections with meprin o (red) and Na*/K*-
ATPase (green) or meprin B (red) and Na*/K*-ATPase (green) demonstrated that
redistribution of meprin a and meprin B was partially reversed on treatment with the meprin
inhibitor actinonin (Fig 2). The reversal in distribution is due to the renoprotective role of
actinonin during cisplatin injury.

3.3. Cleavage of nidogen during cisplatin-induced nephrotoxicity and effect of meprin
inhibitor actinonin

We next examined whether meprins are able to degrade the basement membrane protein
nidogen-1 in vivo during cisplatin nephrotoxicity. We observed that a nidogen-1 fragment
(~50 kDa) that was undetectable in the urine of normal mice increased significantly during
cisplatin-induced AKI (Fig 3). This urinary nidogen-1 fragment was first detected 12 h after
cisplatin administration and the excretion of this fragment subsequently increased during the
progression of the injury. Administration of the meprin inhibitor actinonin markedly
prevented the urinary excretion of the cleaved nidogen product at all of the time points
assayed (Fig 3).

These results suggest that meprins may mediate the cleavage of nidogen from the basement
membrane. In this model, serum creatinine and blood urea nitrogen (BUN) start rising 2 d
after cisplatin treatment (Herzog et al., 2007), suggesting that excretion of the nidogen-1
fragment in this model occurs prior to the rise in serum creatinine. Although actinonin, a
naturally occurring hydroxamate, has proved to be a most effective inhibitor of meprins and
inhibits meprin a and meprin A at a nanomolar range (Kj = 20 nM), it can also inhibit other
metalloproteinases and aminopeptidases at higher concentrations (Kruse et al., 2004).
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3.4. Genotyping and protein expression of meprin subunits in meprin a-KO and meprin B-

KO mice

To confirm whether meprin a and/or meprin 3 are involved in vivo in the degradation of
nidogen-1 we next examined whether meprin a-knockout (KO) and/or meprin 3-KO mice
lack the ability to cleave nidogen-1 and excrete the cleaved nidogen-1 product in the urine in
response to cisplatin nephrotoxicity. Meprin a-KO and meprin 3-KO mice were generated in
Dr. Judith Bond's laboratory (Norman et al., 2003; Yura et al., 2009). These mice develop
normally, the renal function of the null mice is normal, and no differences were observed in
serum creatinine and BUN values between the null and wild-type mice. There was no
meprin a detected in meprin -null mice suggesting that heteromeric meprin A is absent in
meprin f-KO mice (Norman et al., 2003).

This observation is in accordance with the previous findings that meprin a is present in the
brush border membrane by virtue of its association with its membrane-bound binding
partner meprin 3. We established breeding colonies of meprin a-KO and meprin 3-KO mice
in our laboratory and genotyping confirmed the deficiency of meprin a and meprin § genes
in the knockout mice (Fig 4A). Both meprin 3 and meprin a proteins were absent in kidneys
of meprin 8-KO mice confirming that meprin 8-KO mice are deficient in heteromeric meprin
A at the brush-border membranes (Fig 4B).

3.5. Meprin B- KO mice subjected to cisplatin nephrotoxicity do not cleave nidogen-1

Meprin p-KO mice when subjected to cisplatin nephrotoxicity were unable to excrete a 50-
kDa nidogen-1 product in the urine (Fig 5A), suggesting that meprin f is involved in the
proteolytic cleavage of nidogen-1 protein.

In contrast, meprin a-KO mice escreted a 50-kDa nidogen-1 fragment in the urine (Fig 5B),
indicating that meprin « is not involved in the cleavage of nidogen-1 during cisplatin injury.

Taken together, these studies demonstrate that meprin f is involved in the cleavage of
nidogen-1 during cisplatin nephrotoxicity and provides the first evidence of degradation of
an extracellular matrix component by meprin f in vivo.

4. Discussion

Basement membrane proteins play important roles in cell-matrix interactions that regulate
subsequent cell proliferation, migration, differentiation, tissue development, and repair
(LeBleu et al., 2007; Timpl, 1996). Degradation of basement proteins in response to injury
may not only impair these cellular processes and related signaling pathways but also
influence remodeling of the ECM. In previous in vitro studies, we have shown that
heteromeric meprin A purified from the kidney is capable of degrading ECM proteins. In the
present study we have provided evidence that meprin  is able to cleave the basement
membrane protein nidogen-1 in vivo during cisplatin-induced AKI. We have demonstrated
that a 50-kDa nidogen-1 cleavage product is excreted as early as 12 h after cisplatin
administration and the excretion is further increased during the progression of cisplatin
nephrotoxicity. We further showed that excretion of the 50-kDa nidogen-1 fragment into
urine during AKI is markedly suppressed by the meprin inhibitor actinonin. Meprin -KO
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mice, but not meprin a-KO mice, subjected to cisplatin nephrotoxicity significantly
prevented excretion of cleaved nidogen-1, further confirming that meprin  is involved in
the nidogen-1 cleavage. Taken together, these studies provided evidence for a
pathophysiological link between meprin § and nidogen-1 cleavage in vivo during cisplatin-
induced AKI.

Nidogen-1, a 150-kDa sulfated glycoprotein, is an important component of renal kidney
basement membranes (LeBleu et al., 2007; Ries et al., 2001; Timpl, 1996). Nidogen-1 is
composed of distinct G1, G2, and G3 globular domains (Fox et al., 1991), with the G1 and
G2 domains separated by a link region and the G2 and G3 domains separated by a longer
rod-like region. Nidogen-1 acts as a connecting element between collagen 1V and laminin
and integrates other basement membrane components, in particular perlecan, into the ECM
(Fox et al., 1991; Ho et al., 2008; Ries et al., 2001). In the basement membranes, the G2
domain of nidogen-1 interacts with collagen IV and perlecan (Fox et al., 1991; Ho et al.,
2008; Reinhardt et al., 1993; Ries et al., 2001) and the G3 domain binds to laminin
particularly with high affinity (Poschl et al., 1996). Nidogen-1 is susceptible to degradation
by numerous serine proteases and metalloproteinases in vitro (Kruse et al., 2004; Sage et al.,
2012; Sires et al., 1993; Walker et al., 1998) but is resistant to degradation when bound with
laminin (Mayer et al., 1995). Our studies demonstrate that meprin f is involved in the
preferential cleavage of nidogen in the basement membrane during cisplatin-induced AKI
and its cleavage product was identified in the urine. Our previous in vitro study also showed
that nidogen is cleaved by meprin purified from rat kidney (Walker et al., 1998). Thus,
degradation of nidogen-1 by meprin  will perturb the capacity of nidogen to bind to other
basement membrane partners and affect the supramolecular organization of basement
membranes. Proteolytic degradation of nidogen-1 by cathepsin S impairs its ability to bind
to other basement membrane proteins (Sage et al., 2012). Basement membrane assembly in
skin is prevented in the absence of nidogen-1 and nidogen-2 (Nischt et al., 2007). Since
nidogen-1 crosslinks laminin and type IV collagen networks, the loss of intact nidogen-1
due to degradation by meprin § may result in a defective basement membrane at the
nidogen-1 linking region. This may also potentiate proteolytic cleavage of laminin or
collagen 1V and excretion of their cleaved products.

Nidogen-1 protein in the basement membranes also plays a critical role in promoting
attachment of cells (Dong et al., 1995; Salmivirta et al., 2002). The link region between the
G1 and G2 domains contains an EGF repeat that was previously shown to participate in cell
adhesion through integrin a3p1 (Dedhar et al., 1992). The first EGF repeat between the G2
and G3 domains contains an RGD sequence involved in cell attachment through interaction
with integrin avp3 (Dedhar et al., 1992; Dong et al., 1995). Degradation of nidogen-1 will
impair the ability of cells to adhere through the nidogen-1 receptors, a3p1 and avp3
integrins. In addition, nidogen-1 may also play a critical role in transducing intracellular
signaling via integrin-mediated cell adhesion in addition to its role in assembly of the
basement membrane. Upon binding to extracellular ECM ligands, including nidogen,
integrins are activated and interact with signaling molecules inside the cell (Harburger and
Calderwood, 2009; Kaushal et al., 2014). Once cells are attached to the basement membrane
ligands, activated integrins transduce intracellular signaling by recruitment and tyrosine
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phosphorylation of signaling proteins including focal adhesion kinase, Src,
phosphatidylinositol-3 kinase (P13-K)/Akt-1, and cytoskeletal adaptor proteins including
talin, p130Cas, paxillin, and vinculin (Mitra et al., 2005; Vachon, 2011). Thus, signaling
originating from 1 integrins promotes alterations in cell survival, proliferation,
morphology, and function. Degradation of nidogen-1 will impair the signaling pathways
mediated by tyrosine phosphorylation of signaling molecules including FAK, Src, and P13-
kinase and their corresponding signaling pathways in adherent renal cells. Thus, nidogen-1
may play a critical role in transducing intracellular signaling via integrin-mediated adhesion
in addition to its role in assembly of the basement membrane.

In conclusion, our studies demonstrate that a basement membrane protein, nidogen-1, is
cleaved during the progression of cisplatin-induced nephrotoxicity. The cleavage of
nidogen-1 during nephrotoxicity was markedly prevented by a meprin inhibitor, actinonin.
In addition, meprin -KO mice subjected to cisplatin nephrotoxicity significantly abolished
nidogen-1 cleavage. Taken together, these studies provide the first evidence for a
pathophysiological link between meprin  and nidogen-1 cleavage in vivo during cisplatin-
induced nephrotoxicity.
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Figure 1. Meprin B distribution and its protein levels in kidney are altered in cisplatin treated
mice

Double-immunofluorescence staining of kidney sections using antibodies against meprin 3
and Na*/K*-ATPase. Kidney sections were co-stained with primary antibodies against
meprin B and Na*/K*-ATPase followed by Alexa Fluor 594 (red) and Alexa Fluor 488
secondary antibodies (green),respectively, as described in Materials and Methods. Nuclei
were stained with DAPI (blue). Epifluorescence pictures were recorded on an Olympus
BX51 microscope. B. Double-immunofluorescence staining of kidney sections using
antibodies against meprin  and nidogen-1. Kidney sections prepared from perfused frozen
kidneys were stained with primary antibodies against meprin 3 and nidogen-1 followed by
Alexa Fluor 488 donkey anti-goat secondary antibody (green) and Alexa Fluor 594 donkey
anti rat secondary antibody (red), respectively. Nuclei were stained with DAPI (blue). C.
Meprin a and meprin B protein expression after cisplatin administration. Wild-type mice (3
mice each) were treated with cisplatin for 1 day and 3 day or left untreated (controls).
Aliquots of kidney homogenates of mice were separated by 7.5% PAGE-SDS, transferred to
PVDF membranes, and immunaoblots probed for meprin a, meprin B, and GAPDH as
loading control.
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Figure 2.
Effect of meprin inhibitor actinonin on altered distribution of meprin o and meprin 3 during

cisplatin injury. Kidney sections of mice treated with cisplatin with or without actinonin as
described in Material and Methods were co-stained with antibodies against meprin a (red) or
meprin B (red) respectively and Na*/K*-ATPase (green). Nuclei were stained with DAPI
(blue). Epifluorescence pictures were recorded on an Olympus BX51 microscope.
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Figure 3. Time-course of urinary excretion of cleaved nidogen in mice after cisplatin injection

and effect of meprin inhibitor actinonin

The urinary excretion of cleaved nidogen-1 was monitored in mice injected with either
actinonin at 20 mg/kg b.w. or vehicle 1 h before injecting cisplatin at 20 mg/kg b.w. as
described in Materials and Methods. Aliquots of equal protein content were analyzed by
western blot using monoclonal antibody to nidogen-1 (upper panel). Western blot band
intensities were analyzed by densitometry. Bands were normalized to the strongest cleaved
nidogen band obtained on the western blot (lower panel). A in the figure is actinonin and

CP is cisplatin. Error bars represent the S.E.M, n=3.

Toxicol Lett. Author manuscript; available in PMC 2016 July 16.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Herzog et al. Page 15

A
B1 p2 wt al a2 wt
kbp !'m r
5.0- == : =
410- =y @GRS
30 - (- -— i |
2.0- - -
B kDa kDa
-100 -150
meprin o w— 75 MEPrin e - -100 promeprin 3
-75
-50
37 GAPDH wew v e -— v 37
; = i -25
GAPDH S o s o5 s 9 g 5 9 g
£ 00 3 = 3 o
=

Figure 4. Genotyping and protein expression of meprin subunits in meprin a-KO and meprin B-
KO mice

A. Genomic DNA was prepared from tail biopsies of meprin a-KO and meprin p-KO mice
as well as wild-type mice. PCR with meprin a- and meprin -specific primers was
performed using LATaQ (TaKaRa, Clontech) and products separated by agarose gel
electrophoresis and visualized with ethidium bromide. B. Aliquots of kidney homogenates
from meprin a-KO and meprin -KO as well as wild-type mice were separated by 7.5%
PAGE-SDS and western blots probed with antibodies specific to meprin a (top panels),
meprin B (lower panel, left) and the pro-form of meprin  (lower panel, right).
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Figure 5.

Time-course of urinary excretion of cleaved nidogen-1 in meprin -KO and meprin a-KO
mice after cisplatin injection. A. Wild-type (wt) and meprin f-KO (bko) mice were
administered with cisplatin or vehicle as described in Materials and Methods. Aliquots of
equal protein content were analyzed by western blot using a monoclonal antibody to
nidogen-1 (upper panel). Western blot band intensities were analyzed by densitometry.
Bands were normalized to the strongest cleaved nidogen band obtained on the western blot
(lower panel). Error bars represent the S.E.M, n=3. *P< 0.05, **p<0.01, ***p<0.001. B.
Wild-type (wt) and meprin a-KO (ako) mice were administered cisplatin or vehicle as
described in Materials and Methods. Aliquots of equal protein content were analyzed by
western blot using a monoclonal antibody to nidogen-1 (upper panel). Western blot band
intensities were analyzed by densitometry. Bands were normalized to the strongest cleaved
nidogen band obtained on the western blot (lower panel).
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