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Background: Meprin A is a membrane-associated metalloproteinase in proximal tubules that plays an important role in
acute kidney injury (AKI).
Results: In ischemia-reperfusion injury, meprin A is shed from the membranes, and ADAM10 was identified as the major
sheddase.
Conclusion: ADAM10 is the major sheddase involved in the release of meprin A.
Significance: These studies identify ADAM10 as a potential therapeutic target for AKI.

Meprin A, composed of � and � subunits, is a membrane-
bound metalloproteinase in renal proximal tubules. Meprin A
plays an important role in tubular epithelial cell injury during
acute kidney injury (AKI). The present study demonstrated that
during ischemia-reperfusion-induced AKI, meprin A was shed
from proximal tubule membranes, as evident from its redistri-
bution toward the basolateral side, proteolytic processing in the
membranes, and excretion in the urine. To identify the proteo-
lytic enzyme responsible for shedding of meprin A, we gener-
ated stable HEK cell lines expressing meprin � alone and both
meprin � and meprin � for the expression of meprin A. Phorbol
12-myristate 13-acetate and ionomycin stimulated ectodomain
shedding of meprin � and meprin A. Among the inhibitors of
various proteases, the broad spectrum inhibitor of the ADAM
family of proteases, tumor necrosis factor-� protease inhibitor
(TAPI-1), was most effective in preventing constitutive, phorbol
12-myristate 13-acetate-, and ionomycin-stimulated shedding
of meprin � and meprin A in the medium of both transfectants.
The use of differential inhibitors for ADAM10 and ADAM17
indicated that ADAM10 inhibition is sufficient to block shed-
ding. In agreement with these results, small interfering RNA to
ADAM10 but not to ADAM9 or ADAM17 inhibited meprin � and
meprin A shedding. Furthermore, overexpression of ADAM10
resulted in enhanced shedding of meprin � from both transfec-
tants. Our studies demonstrate that ADAM10 is the major
ADAM metalloproteinase responsible for the constitutive and
stimulated shedding of meprin � and meprin A. These studies
further suggest that inhibiting ADAM 10 activity could be of
therapeutic benefit in AKI.

Meprins are zinc-dependent metalloproteinases of the “asta-
cin” family that are highly expressed at the brush-border mem-

branes of the kidney and intestines (1). Expression of meprins
has also been identified in human skin epithelia (2), leukocytes
in the lamina propria of the human inflamed bowel (3, 4), mes-
enteric lymph nodes (5), colorectal (3, 4) and breast cancer cells
(6), and recently in glomeruli of some strains of rat (7). Meprins
are oligomeric neutral metalloproteinases composed of two
evolutionarily related subunits, � and �, that form homo- or
hetero-oligomeric structures (1, 8, 9). Meprin A, composed of �
and �, is the major form present in the apical membranes
(brush-border) of renal proximal tubules (10 –12). In the apical
membranes, meprin A is anchored to the membranes through
the membrane-spanning domain of the � subunit (1). Both
meprin � and � subunits are initially synthesized as membrane-
spanning proteins but, during biosynthesis, the additional
inserted domain (I-domain) containing the transmembrane
domain of an � subunit is proteolytically cleaved in the endo-
plasmic reticulum. The � subunit with its intact transmem-
brane domain is anchored to the brush-border membranes as a
type 1 integral plasma membrane protein. The mature form of
meprin � is retained by the � subunit by disulfide linkages or is
released into the extracellular space (1). Meprin � is predicted
to have a large extracellular domain with a short cytoplasmic
tail (26 amino acids).

The role of meprin A has been studied in experimental mod-
els of acute kidney injury (AKI)2 including ischemia-reperfu-
sion (IR) and cisplatin nephrotoxicity. Meprin A-deficient mice
were markedly resistant to IR injury, and a selective meprin A
inhibitor provided protection from AKI induced by IR injury
(13), cisplatin nephrotoxicity (14), and sepsis (15). The normal
distribution of meprin A in the proximal tubules is altered in
experimental models of cisplatin nephrotoxicity (14) and ische-
mia-reperfusion (13, 16). A soluble form of meprin A was
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detected in the urine in an experimental model of cisplatin
nephrotoxicity (14). The evidence that meprin A is redistrib-
uted and a cleaved form of meprin A is excreted in the urine
during cisplatin nephrotoxicity suggests ectodomain shedding
of meprin A from the brush-border membranes of proximal
tubules. Meprins are able to degrade numerous substrates rang-
ing from basement membrane proteins, such as collagen,
laminin, fibronectin, and nidogen (1, 16 –19) to pro-cytokines,
growth factors, protein kinases, and other bioactive peptides
(11, 20 –23). Thus, meprin A that is normally restricted to the
brush-border membranes of proximal tubules may become
detrimental on its release during renal injury due to its enor-
mous ability for protein and peptide degradation. Although
altered distribution of meprin A from the apical membranes
toward the basolateral side has been described in renal IR injury
(13, 16), the shedding of meprin A has not been previously
examined in response to IR injury.

In the present study, we have examined whether membrane-
associated meprin A is shed during IR-induced AKI. We have
also determined that a soluble form of meprin A is produced
and released in urine of mice subjected to IR injury. Most
importantly, using pharmacological and genetic approaches,
we have identified the major protease involved in the shedding
of meprin A as well as meprin �.

EXPERIMENTAL PROCEDURES

Reagents—The protease inhibitors aprotinin, DAPT, D-VFK-
CMK, MMP-2/MMP-9 inhibitor-I, and tumor necrosis fac-
tor-� protease inhibitor (TAPI-1) as well as ionomycin (IM)
were purchased from Calbiochem. GM6001 was purchased
from Millipore (Billerica, MA). GI254023X and GW280264X
were synthesized by GlaxoSmithKline (Stevenage, UK) and
characterized for inhibition of recombinant and cell-expressed
ADAM10 and ADAM17 as described (24). Cisplatin was pur-
chased from Novaplus (Bedford, OH). Phorbol 12-myristate
13-acetate (PMA), actinonin, leupeptin, pepstatin A, PMSF,
and all other chemicals were from Sigma-Aldrich unless speci-
fied otherwise.

Cell Culture—HEK293 cells obtained from the American
Type Culture Collection (ATCC) (Manassas, VA) were grown
in DMEM/F12 medium supplemented with 10% heat-inacti-
vated fetal bovine serum, 100 units/ml penicillin, and 100
�g/ml streptomycin (all from Invitrogen) at 37 °C in a humidi-
fied atmosphere containing 5% CO2.

Preparation of Murine Primary Renal Tubular Epithelial
Cells—Primary cells were prepared from kidneys of 10-week-
old male C57BL/6N mice as described previously (25, 26) in the
presence of protease inhibitors PMSF (1 mM), leupeptin, and
pepstatin A (1 �g/ml each). Cells were suspended in growth
medium containing serum-free DMEM/F12 supplemented
with transferrin and insulin (both at 5 �g/ml), hydrocortisone
(50 nM), penicillin (100 units/ml), and streptomycin (100
�g/ml). The cell suspension derived from both kidneys of each
mouse was plated in equal aliquots on 6-cm cell culture dishes
followed by treatment with 50 nM PMA, 2.5 �M ionomycin, or
vehicle (DMSO) for 30 min prior to the addition of 25 �M

TAPI-1, 2 �M GI254023X, or vehicle (DMSO). After 2 h in
medium, supernatants were collected and centrifuged at 500 �

g for 5 min to remove cells, and the supernatants were centri-
fuged at 100,000 � g for 30 min to remove cellular debris. Ali-
quots of equal protein content were analyzed by Western blots
for the presence of meprin �.

Animals—Animal protocol for these studies was approved by
the Institutional Animal Care and Use Committee and Institu-
tional Safety Committee of Central Arkansas Veterans Health-
care System. C57BL/6N male mice (8 –10 weeks old) were pur-
chased from Charles Rivers Laboratories (Wilmington, MA)
and housed with free access to water and standard diet accord-
ing to the standards of the Institutional Animal Care and Use
Committee.

Cisplatin Model for Acute Kidney Injury—Male mice (n � 6)
were administered a single dose of cisplatin (20 mg/kg of body
weight) intraperitoneally. Control animals were administered
saline. Animals were anesthetized, and kidneys were harvested
1, 2, and 3 days after cisplatin administration. Kidneys were
fixed in formalin for immunohistochemistry or snap-frozen in
liquid nitrogen and stored at �80 °C until used. Blood was col-
lected by retro-orbital bleeding to determine blood urea nitro-
gen (BUN) and creatinine levels using diagnostic kits from
International Bio-Analytical Industries Inc. (Boca Raton, FL).

IR Model for Acute Kidney Injury—Male mice (22–25 g; n �
6) were subjected to 40 min of ischemia by occluding renal
pedicles with smooth vascular clamps as described previously
(16). Following the ischemic period, clamps were removed, and
animals were allowed to recover for 24 h. The control animals
underwent surgery without clamping of renal arteries. Kidney
tissues were fixed in formalin for immunohistochemistry or
stored frozen for later use. BUN and creatinine were deter-
mined as mentioned above.

Immunohistochemistry—Deparaffinized kidney sections (8
�m) were immunostained with polyclonal goat anti-meprin �
antibody (R&D Systems: AF3300, Minneapolis, MN) and poly-
clonal rabbit antibody against Na�/K�-ATPase (Santa Cruz
Biotechnology: sc-28800, Santa Cruz, CA) at 4 °C overnight.
After washing with PBS, sections were incubated with second-
ary antibodies donkey anti-goat Alexa Fluor 594 or donkey anti-
rabbit Alexa Fluor 488 (Molecular Probes/Invitrogen), and
nuclei were counterstained with VECTASHIELD mounting
medium containing DAPI (Vector Laboratories, Burlingame,
CA). Epi-immunofluorescence was recorded on Olympus
microscopes (BX51, IX51, or IX71).

Preparation of Whole Cell Lysate, Cytosolic, and Membrane
Fractions from Mouse Kidney—Kidneys from mice that under-
went IR injury were homogenized in 20 mM HEPES, pH 7.2, in
the presence of protease inhibitors leupeptin, pepstatin A, and
PMSF using a Dounce homogenizer. Crude homogenates were
centrifuged at 9000 � g at 4 °C for 20 min to remove cellular
debris, and the supernatant was used as total homogenate. This
homogenate was centrifuged at 100,000 � g at 4 °C for 1 h. The
supernatant representing the cytosolic extract was removed,
and the pellet resuspended in HEPES buffer with brief sonica-
tion was used as a membrane fraction. Protein concentration
was determined by Bradford assay (Bio-Rad), and aliquots were
separated on 4 –12% NuPAGE gels (Invitrogen) or on 7.5%
SDS-PAGE gels. Western blots on PVDF were developed with a
polyclonal antibody against meprin � (AF3300: R&D Systems)
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followed by donkey anti-goat HRP-conjugated antibody (sc-
2020: Santa Cruz Biotechnology). Signals were detected using
SuperSignal West Pico (Pierce).

Construction of Meprin � Expression Vector—Briefly, pre-
promeprin � cDNA from the plasmid pKAIA3940 (GenBankTM

accession number AY695931) was subcloned into the pENTR/
SD/D-TOPO entry vector (Invitrogen). The meprin � expression
vector was then prepared by in vitro recombination of the
meprin � containing entry vector with a modified destination
vector pIRESpuro3GW (21) using LR Clonase (Invitrogen), and
the sequence of the final construct pBeta3940-IRESpuro3 clone
4 was verified by DNA sequencing.

Construction of Meprin � Expression Vector—An expression
vector containing the full-length human meprin � coding
region with an HA epitope inserted in the C-terminal region of
the I-domain was used. Briefly the meprin � cDNA present
in the plasmid KAIA0754 (GenBank accession number
AF478685) was modified by a PCR procedure to insert an HA
epitope (YPYDVPDYA) within the I-domain of the meprin �
coding region and subcloned into the entry vector pENTR/SD/
D-TOPO, which was recombined with destination vector
pIREShyg3GW. The fidelity of clone 6, pIREShyg3GM6-
meprin�-HA, was verified by DNA sequencing.

Preparation of Stable Transfectants of HEK293 Cells with
Human Meprin �, �, and ��—HEK293 cells were grown in
12-well plates in minimum Eagle’s medium plus 10% horse
serum supplemented with L-glutamine (Invitrogen) and trans-
fected with 1 �g of plasmid DNA (of above mentioned expres-
sion vectors) containing meprin � or � alone or co-transfected
with both meprin � and � using 2 �l of Lipofectamine 2000
(Invitrogen). Clones expressing meprin � were selected using
150 �g/ml hygromycin B (Calbiochem) and clones expressing
meprin � were selected with 2 �g/ml puromycin (Calbiochem),
whereas clones of co-transfectants were selected with 50 �g/ml
hygromycin B and 1 �g/ml puromycin.

Characterization of Stable Meprin �, �, and �� Transfectants
by RT-PCR—RNA was isolated from several clones of stable
meprin �, �, and �� transfectants with RNeasy mini kit (Qia-
gen, Valencia, CA). cDNA was prepared with Superscript II RT
(Invitrogen), and transcripts were assayed by PCR for the pres-
ence of meprin �, �, or both �� with the following primers
(from Integrated DNA Technologies, Coralville, IA): mep1�-s,
5�-GATGATGACCACAATTGGAAAATTG-3�; mep1�-as,
5�-ACCTGTCTGTTTTCTACCGGCCACTC-3�; mep1�-s,
5�-AGAGAGCACAATTTTAACACCTATAGT-3�; mep1�-
as, 5�-CTATCGAAATGCATGAAGAAACCAGA-3�; actin-
�-s, 5�-GACATCCGCAAAGACCTGTACG-3�; and actin-�-
as, 5�-ACTGGGCCATTCTCCTTAGAG-3�. �-Actin was used
as a housekeeping gene. PCR products of individual clones were
analyzed on 1% agarose gels, and clones testing positive were
chosen for further characterization.

Characterization of Stable Meprin �, �, and �� Transfectants
by Western Blot—Cell lysates of stably transfected meprin
clones were prepared in 1� cell lysis buffer (Cell Signaling,
Beverly, MA) supplemented with leupeptin and pepstatin A (1
�g/ml) and PMSF (1 mM). Lysates were sonicated briefly and
spun at 1000 � g for 5 min. Protein concentrations of the super-

natants were determined using a BCA protein assay (Pierce),
and aliquots were stored frozen until used for Western blot.

To check for meprins released into the medium, cell culture
supernatant was collected after transfectants had been grown in
serum-free medium for 4 h. Aliquots of the media were concen-
trated in Amicon Ultra-4 centrifugal filter units (Millipore),
protein concentration was determined using a BCA protein
assay, and samples containing equal protein amounts were
lyophilized. Aliquots were separated on 4 –12% NuPAGE gels
(Invitrogen) or on 7.5% SDS-PAGE gels. Western blots on
PVDF were developed with polyclonal antibodies against the
ectodomains of meprin � and meprin � (AF3220 and AF3300:
R&D Systems) followed by donkey anti-goat HRP-conjugated
antibody (SC-2020: Santa Cruz Biotechnology). Signals were
detected using SuperSignal West Pico (Pierce). Densitometry
of the Western blots was performed on a ChemiDoc gel imag-
ing system using Quantity One software (Bio-Rad).

Meprin Shedding in the Presence of Pharmacological Inhibitors—
Stable transfectants, as well as untransfected HEK293 cells,
were seeded at 1 � 105 cells/ml in 6-cm dishes in DMEM/F12
medium supplemented with 10% FBS, grown to 70% conflu-
ency, and then shifted to serum-free medium. Cells were pre-
treated with 30 ng/ml PMA or vehicle for 30 min before adding
the individual inhibitors or vehicle and grown for 4 more hours.
Medium supernatants (equal volumes) were transferred into
fresh tubes and spun at 500 � g at 4 °C for 5 min, the resulting
supernatant was spun at 100,000 � g for 30 min, and samples of
equal volume were concentrated in Amicon Ultra-4 centrifugal
filter units. Protein concentration was determined, and aliquots
were lyophilized for Western blot. Whole cell lysates were pre-
pared for Western blot as described above. Analogous experi-
ments were carried out in the presence of IM at a final concen-
tration of 2.5 �M. Western blots were stripped and stained with
Ponceau S to visualize residual albumin serving as loading
control.

Overexpression of ADAM10 and Meprin A and Meprin �
Shedding—Bovine ADAM10-HA in vector pcDNA3 (plasmid
construct kindly provided by Dr. Rolf Postina, University of
Mainz, Germany) was expressed in NEB5�F�Iq-competent cells
(New England Biolabs, Ipswich, MA). Plasmid DNA (1 �g) of
bovine ADAM10-HA/pcDNA3 or empty vector was used to
transiently transfect control HEK cells or HEK cells stably
transfected with meprin � or both meprin � and � using Lipo-
fectamine 2000 according to the manufacturer’s instructions
(Invitrogen). Cell medium was exchanged to serum-containing
medium the following day. After 48 h of transfection, cells were
shifted to serum-free medium for 4 h before harvesting.
Medium supernatant and cells were processed as described
above to assess shedding of meprin �.

Meprin Shedding in the Presence of siRNA to ADAM9,
ADAM10, or ADAM17—The expression of ADAM9, ADAM10,
or ADAM17 in meprin-expressing HEK cells, as well as control
HEK cells, grown to 40% confluency was knocked down with 20
nM siRNA pools targeting human ADAM9, ADAM10, or
ADAM17 (Dharmacon, Lafayette, CO) according to the
manufacturer’s instructions, whereas 20 nM scrambled
siRNA (Invitrogen) served as negative control. Medium was
exchanged to serum-containing medium the day after transfec-
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tion. Forty-eight hours after transfection, cells were shifted to
serum-free medium and treated with 30 ng/ml PMA or vehicle
for 4 h before harvesting. Medium supernatant and cells were
processed as described above to assess shedding of meprin �. In
addition, the expression levels of ADAM10 were monitored by
Western blot with polyclonal rabbit antibodies to ADAM10
(Millipore: AB19026, Temecula, CA).

RESULTS

Meprin A Is Redistributed and Shed Following Acute Kidney
Injury—Meprin A, composed of � and � subunits, is anchored
to the apical membranes of proximal tubules via the � subunit.
Both � and � meprin subunits are co-localized in the brush-
border membranes (27). Double-immunofluorescence staining
of control kidney sections with meprin � (red) and Na/K-

ATPase (green) antibodies demonstrated that meprin A, which
is exclusively localized to brush-border membranes of the prox-
imal tubules in normal kidneys (Fig. 1A), is redistributed in the
injured kidney during IR (Fig. 1B) and cisplatin nephrotoxicity
(Fig. 1, C and D). In injured kidneys, the positive staining for
meprin A was found to be extracellular toward the basolateral
plasma membrane after both IR (Fig. 1, A and B) and cisplatin
nephrotoxicity (Fig. 1, C and D). Na/K-ATPase showed prom-
inent staining in the basolateral surface of distal tubules and
light staining in proximal tubules. We further evaluated meprin
A distribution in the total, cytosolic, and membrane fractions
prepared from kidneys following IR- and cisplatin-induced AKI
by Western blot using meprin �- and �-specific antibodies. In
control kidneys, meprin � was present in the membrane frac-
tion and was not detected in the cytosolic fraction (Fig. 2A). The

FIGURE 1. Meprin A distribution in kidneys of mice subjected to ischemia-reperfusion or cisplatin injury. A–D, double-immunofluorescence of meprin A
(red) and Na/K-ATPase (green) in kidney sections of control mice (A and C) and mice subjected to IR (24 h of reperfusion after 45 min of ischemia) (B) or cisplatin
injury (D). Kidney tissue was fixed in phosphate-buffered 4% formalin and paraffin-embedded. Tissue sections (8 �m) were incubated with goat polyclonal
anti-meprin-� and rabbit polyclonal anti-Na�/K�-ATPase antibodies overnight. After washing with PBS, slices were incubated with secondary antibodies from
Molecular Probes (donkey anti-goat Alexa Fluor 594 (red) and donkey anti-rabbit Alexa Fluor 488 (green). Nuclei were stained with DAPI. Epifluorescence
pictures were recorded on an Olympus (IX51, IX71, or BX51) microscope.
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detection of an 80-kDa processed form in the membrane frac-
tion from ischemic kidney suggests that meprin � has been
cleaved during injury (Fig. 2A, upper panel). This meprin � was
detected as a part of meprin A because we also observed detec-
tion of meprin � in these fractions (Fig. 2A, lower panel); how-
ever, no processed meprin � was observed in the membrane
fraction from ischemic kidneys. We also examined meprin A in
the urine from mice subjected to IR injury. As shown in Fig. 2B,
a urinary meprin � fragment, which is undetectable in the urine
of control mice, increased markedly during the progression of
IR-induced AKI. Meprin � not bound to meprin � was detected
in the control urine samples (Fig. 2B). The urinary excretion of
the meprin � fragment preceded the rise in serum creatinine
and BUN. In addition, we have recently reported that a soluble
form of meprin A is secreted in the urine during cisplatin-in-
duced AKI (14). Thus, these studies along with the evidence
that meprin A is redistributed in the kidney, processed in the
membrane fraction, and detected in the urine during AKI pro-
vide support that meprin A may be shed from the membranes
during renal injury.

Characterization of Meprin � and Meprin �� (Meprin A)
Stable Cell Lines—Meprin A, composed of � and � subunits, is
the major form of meprin present in the apical membranes of
renal proximal tubules (10 –12) and is anchored in the mem-
branes via the � subunit. To test whether a specific protease is
involved in the shedding of meprin A, we generated stable
clones of HEK293 cells that express meprin � alone and both �
and �, which represents meprin A. Meprin A clones were gen-
erated by co-transfection with both meprin � and meprin �
expression plasmids. Meprin �- and meprin ��-expressing

(meprin A) clones were first verified by RT-PCR (Fig. 3A).
Western blot analysis using meprin � antibodies showed
meprin � protein expression in total cell lysates and mem-
branes of HEK293-meprin � transfectants (clone �) as well as in
meprin �� co-transfectants (clone ��) (Fig. 3B). The negative
controls are represented by untransfected HEK293 cells that
did not express mRNA for meprin � and meprin �. Meprin �
protein was detected in �� co-transfectants. Meprin � was
barely detected in the cytosolic fractions of these transfectants.
Meprin � in the transfectants was membrane-associated (Fig.
3B), confirming that meprin � is anchored to the membranes in
both meprin � and meprin �� (meprin A) clones. The meprin �
transfectant and meprin �� co-transfectant were used for the
experiments to identify the sheddase involved in the release of
meprin � and meprin A, respectively.

Effect of Various Classes of Protease Inhibitors in Shedding of
Meprin � in Meprin �- and �� (Meprin A)-expressing Stable
Cell Lines—To identify the protease responsible for the shed-
ding of meprin � from the meprin � and meprin �� transfec-
tants, we first examined the ability of inhibitors of major classes

FIGURE 2. Shedding of meprin � after IR and cisplatin (CP) injury. A, total
homogenates, cytosolic and membrane fractions were prepared from kid-
neys of control mice and mice subjected to 24 h of IR injury and probed for
meprin � by Western blot. ctrl total, control total. B, urine samples (normalized
for protein content) from control mice and mice subjected to IR injury (6 and
11 h of reperfusion injury after 30 min of ischemia, as indicated) were probed
for meprin � and meprin � by Western blot. Recombinant human promeprin
� lacking its membrane anchor purified from HEK293 cells described earlier
(21) is shown as a reference control in last lane. The individual lanes as shown
were obtained from the same Western blot.

FIGURE 3. Characterization of meprin-expressing HEK293 cell lines. A, RT-
PCRs for meprin � mRNA expression in stable meprin � HEK293 transfectants
and for both meprin � and meprin � mRNA expression in stable meprin ��
co-transfectants were performed. Negative control lane (neg. ctrl) represents
RT-PCR in the absence of the cDNA template. PCR products were separated
on a 1% agarose gel stained with ethidium bromide. �-Actin is shown as a
loading control. B, total cell lysates, membrane, and cytosolic fractions of HEK
cells stably transfected with meprin � alone or co-transfected with meprin �
and � expression plasmids were assayed for protein expression of meprin �
and meprin � by Western blot. Total lysate of an untreated C57BL/6n mouse
kidney is shown for comparison. Aliquots containing equal protein amounts
were probed with a meprin �- or meprin �-specific antibody, and signals were
detected with ECL reagent.

ADAM10 as the Major Sheddase for Meprin A Release

13312 JOURNAL OF BIOLOGICAL CHEMISTRY VOLUME 289 • NUMBER 19 • MAY 9, 2014



FIGURE 4. Effect of various protease inhibitors on meprin � shedding in meprin � and meprin �� clones in the presence and absence of PMA and IM.
A, effect of protease inhibitors on shedding of meprin � in HEK cells stably transfected with meprin � in the presence of PMA. The indicated cells were treated
with 50 nM PMA for 30 min prior to the addition of 25 �M TAPI-1, 25 �M DAPT, 10 �M GM6001, 100 nM D-VFK-CMK, or 44 �M MMP2/9-1 inhibitors. Medium
supernatants were centrifuged for 30 min at 100,000 � g to remove cellular debris, and aliquots of equal protein content were analyzed by Western blot for the
presence of meprin � (proMeprin � lane). Recombinant human promeprin � lacking its membrane anchor purified from HEK293 cells described earlier (21) is
shown as a reference (left panel). Albumin detected by Ponceau S stain is shown as a loading control. Western blot band intensities were evaluated by
densitometry normalized to those observed in medium supernatant of the corresponding PMA-treated clones (right panel). Error bars represent S.E., n � 4. **,
p � 0.01, ***, p � 0.001. B, effect of protease inhibitors on secretion of meprin � in HEK cells stably co-transfected with meprin � and meprin � (meprin A) in the
presence of PMA. Cells were treated with inhibitors in the presence and absence of PMA and processed for shedding of meprin � in the medium (left panel).
Western blot band intensities were quantified by densitometry (right panel). Error bars represent S.E., n � 4. *, p � 0.05, ***, p � 0.001. C, effect of protease
inhibitors on shedding of meprin � in HEK cells stably transfected with meprin � in the presence of IM. The indicated cells were treated with 2.5 �M IM for 30
min prior to the addition of 25 �M TAPI-1, 25 �M DAPT, 10 �M GM6001, 100 nM D-VFK-CMK, or 44 �M MMP2/9-1 inhibitors. Medium supernatants were
centrifuged for 30 min at 100,000 � g to remove cellular debris and aliquots of equal protein content analyzed by Western blot for the presence of meprin �.
Recombinant human promeprin � (proMeprin � lane) lacking its membrane anchor purified from HEK293 cells described earlier (21) is shown as a reference
(left panel). Albumin detected by Ponceau S stain is shown as a loading control. Western blot band intensities were evaluated by densitometry normalized to
those observed in medium supernatant of the corresponding IM treated clones (right panel). Error bars represent S.E., n � 4. *, p � 0.05, **, p � 0.01, ****, p �
0.0001. D, effect of protease inhibitors on secretion of meprin � in HEK cells stably co-transfected with meprin � and meprin � (meprin A) in the presence of IM.
Cells were treated with inhibitors in the presence and absence of IM and processed for shedding of meprin � in the medium (left panel). Western blot band
intensities were quantified by densitometry (right panel). Error bars represent S.E., n � 4. **, p � 0.01. E and F, detection of promeprin � shed from HEK cells.
Western blots shown in panels C and D, respectively, were reprobed with a meprin � prodomain-specific antibody. G, detection of meprin � and meprin � shed
from HEK cells stably co-transfected with meprin � and meprin � treated with IM or PMA in the presence or absence of TAPI-1.
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of proteases to impede the release of soluble meprin � into the
media. The cleavage or shedding of membrane-associated pro-
teins is usually induced by stimuli such as PMA (28 –30). Thus,
we tested both constitutive shedding as well as induction of
meprin � shedding by phorbol ester in meprin � and meprin A

transfectants and then examined the effect of various protease
inhibitors on the shedding. In both the meprin � and meprin ��
(meprin A) transfectants, constitutive meprin � shedding was
prominent, but shedding was slightly induced by PMA (Fig. 4, A
and B). The shedding of meprin � into the media was signifi-
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cantly inhibited by TAPI-1 (Fig. 4A), a broad spectrum inhibi-
tor of the ADAM family of proteases (31). The broad spectrum
metalloproteinase (MMP) inhibitor GM6001 and the specific
MMP2/9 inhibitor-I had some effect on meprin � shedding but
much less than the hydroxamate inhibitor TAPI-1 (Fig. 4A).
Both constitutive and PMA-induced shedding of meprin A in
the meprin �� transfectants were significantly inhibited by the
hydroxamate inhibitor TAPI-1 (Fig. 4B). The shedding of
meprin A was unaffected by the �-secretase inhibitor DAPT,
plasmin inhibitor D-VFK-CMK, or MMP2/9 inhibitor-1. A
marked inhibition on shedding was observed with the MMP
inhibitor GM6001, but it was less than TAPI-1 (Fig. 4B). These
studies suggest that a member of the ADAM family of proteases
is involved in the shedding of meprin � and meprin A. We also
examined the effect of the calcium ionophore IM that has been
shown to induce shedding of membrane proteins. Shedding in
response to IM was significantly induced in both meprin � and
�� clones. IM-induced shedding was significantly inhibited by
TAPI-1 (Fig. 4, C and D). The shed meprin � was not released in
its active form as it still contained the prodomain as detected by
a prodomain-specific meprin � antibody (Fig. 4, E and F). We
also examined whether the meprin �� transfectant sheds
meprin � in addition to meprin �. As shown in Fig. 4G, meprin
� was also detected in the medium along with meprin � in the
meprin �� transfectant.

ADAM Family Members Are Involved in Shedding of Meprin
� in Meprin �- and �� (Meprin A)-expressing Stable Cell Lines—
Among the ADAM family members, ADAM9, ADAM10, and
ADAM17 are well known to play a role in the shedding of
growth factor receptors and other integral membrane proteins
(31–33). Thus, we initiated studies to examine whether one of
these ADAMs may be involved in the shedding of meprin A.
GI254023X and GW280264X are potent ADAM inhibitors that
allow discrimination in the activities of the major sheddases
ADAM10 and ADAM17 (24). GW280264X is known to be
equally effective in inhibiting both ADAM10 and ADAM17,
with an IC50 of 11.5 and 8.0 nM for recombinant ADAM10 and
ADAM17, respectively (35). GI254023X is more effective for
ADAM10 than ADAM17, with an IC50 of 5.3 nM for recombi-
nant ADAM10 and an IC50 of 541 nM for recombinant
ADAM17 (36). Based on published work, we used varying con-
centrations of each inhibitor to assess meprin � shedding in the
medium of meprin � and meprin �� HEK clones. As shown in
Fig. 5, A and B, in both meprin � and meprin �� transfectants,
the ADAM10 inhibitor GI254023X was more effective in block-
ing shedding of meprin � than the ADAM 10/ADAM17 inhib-
itor GW280264X, consistent with the notion that ADAM10 is

the primary protease involved in the shedding of meprin A.
Because GI254023X is a moderate inhibitor of ADAM9 with an
IC50 of 280 nM (37), the possibility that ADAM9 is also involved
cannot be ruled out from this experiment. As shown in Fig. 5C,
ADAM9, ADAM10, and ADAM17 are expressed by HEK cells.

Effect of ADAM9, ADAM10, and ADAM17 siRNA Knock-
down on Meprin � and Meprin A Shedding—We next examined
the effect of siRNA-mediated down-regulation of ADAM9,
ADAM10, or ADAM17 on meprin A and meprin � shedding.
As depicted in Fig. 6A, the ADAM10 siRNA was very effective
in down-regulating the level of ADAM10 protein, whereas a
scrambled siRNA had no appreciable effect. Similar results
were obtained with siRNA targeting ADAM17 (Fig. 6B). The
ADAM10 siRNA elicited the most significant reduction in
meprin � shedding in both meprin � (Fig. 6C) and meprin ��
(Fig. 6D) transfectants, with a more pronounced effect on the
shedding of meprin A in the meprin �� transfectants. In
meprin �� cells, meprin � shedding was reduced to 14% of
control (p � 0.001), and with PMA pretreatment, it was
reduced to 21% (p � 0.01), whereas in meprin � cells, meprin �
shedding was reduced to 30% of control (p � 0.05), and when
pretreated with PMA, it was reduced to 82% versus 514% con-
trol. Thus, ADAM10 siRNA was most effective in preventing
meprin � shedding, and ADAM 9 and ADAM17 siRNAs had
little effect on the shedding of meprin �. These studies indicate
that among these ADAMs, ADAM10 is the major sheddase
involved in the shedding of meprin � and meprin A.

Overexpression of ADAM10 Increases Meprin Shedding—
Meprin � cells and meprin �� cells were transiently transfected
with a bovine ADAM10 expression construct, and meprin �
shedding was assayed. Overexpression of ADAM10 was veri-
fied by Western blot (Fig. 7A). When overexpressed, ADAM10
increased shedding of meprin � in both meprin � and meprin
�� cells, with more pronounced effects observed in meprin ��
cells (Fig. 7, B and C).

ADAM10 Inhibition Prevents Meprin A Shedding in Primary
Renal Tubular Epithelial Cells—Primary cell cultures of renal
tubular epithelial cell were prepared from mouse kidneys as
described (25, 26). Both constitutive as well as PMA- and iono-
mycin-induced shedding of meprin A in the primary renal
tubular epithelial cells was markedly prevented by the hydrox-
amate inhibitor TAPI-1 and the ADAM10-specific inhibitor
GI254023X (Fig. 8).

DISCUSSION

Our studies have demonstrated that meprin A is shed during
renal ischemia-reperfusion injury. Double-immunofluores-

FIGURE 5. Effect of specific inhibitors of the ADAM family of proteases on meprin � shedding in meprin � and meprin �� clones. A, HEK293 cells stably
transfected with meprin � were treated with highly specific inhibitors of ADAM10 and ADAM17 in the presence or absence of PMA (30 ng/ml) for 4 h. The
inhibitors used were GI254023X (2 �M) and GW280264X (2 �M). Medium supernatants were centrifuged for 30 min at 100,000 � g to remove cellular debris, and
aliquots of equal protein content were analyzed by Western blot for the presence of meprin � (left panel). The individual lanes as shown were obtained from
the same Western blot. Recombinant human promeprin � lacking its membrane anchor purified from HEK293 cells described earlier (21) is shown as a
reference. Western band intensities were evaluated by densitometry normalized to those observed in medium supernatant of the corresponding untreated
clones (right panel). Error bars represent S.E., n � 3. **, p � 0.01, ***, p � 0.001. B, HEK293 cells stably co-transfected with meprin �� (meprin A) were treated with
highly specific inhibitors of ADAM10 and ADAM17 in the presence and absence of PMA (30 ng/ml) for 4 h as described for panel A. Medium supernatants were
analyzed by Western blot for the presence of meprin � (left panel). The individual lanes as shown were obtained from the same Western blot. Western band
intensities were evaluated by densitometry normalized to those observed in medium supernatant of the corresponding untreated clones (right panel). Error
bars represent S.E., n � 3, *, p � 0.05, ****, p � 0.0001. C, untransfected HEK293 cells were tested for the presence of ADAM9, ADAM10, and ADAM17 mRNA by
RT-PCR using human ADAM9-, ADAM10-, and ADAM17-specific primers as described under “Experimental Procedures.” neg. control, negative control.
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cence staining of control kidney sections with meprin � and
Na/K-ATPase also demonstrated that the exclusive localization
of meprin A at the apical brush-border membranes of the prox-
imal tubules is altered and redistributed toward the underlying
basement membrane of the injured kidney during IR. When
meprin � distribution in the total, cytosolic, and membrane
fractions prepared from kidneys from control and IR mice was
evaluated, processed meprin � was detected in the membrane
fraction of kidneys from 24 h of IR, but was not observed in
the control kidneys. In addition, meprin �, undetected in the
urine of control mice, was found to be markedly increased in
the urine during the progression of AKI during renal ischemia-
reperfusion injury. Importantly, urinary excretion of meprin �
was detected much earlier than the rise in serum creatinine. In
this IR-induced AKI model, significant serum creatinine begins
to rise after 16 h of reperfusion period. AKI is typically diag-
nosed by measuring serum creatinine; however, it is well known
that creatinine is a delayed indicator during acute changes in
kidney function and increases significantly only after substan-
tial kidney injury occurs (38). Detection of urinary excretion of
meprin � earlier than the rise in serum creatinine suggests that
urinary excretion of meprin � can be further explored as a
potential biomarker for AKI. Our previous studies have also
detected a soluble form of meprin A in the urine of mice sub-
jected to cisplatin nephrotoxicity (14). Taken together, these
studies provided evidence that meprin A is proteolytically shed
during AKI.

We have previously demonstrated that meprin A purified
from the rat kidney is capable of degrading components of the
extracellular matrix including collagen IV, fibronectin, laminin,
and nidogen in vitro (16, 17). Consistent with the purified
meprin A from rat kidney, recombinant human meprin A and
meprin � were shown to degrade extracellular matrix proteins
in vitro (18, 19). Meprin A has also been shown to proteolyti-
cally process bioactive peptides, cytokines, peptide hormones,
and the tight junction proteins E-cadherin and occludin in vitro
(11, 22, 23, 39, 40). Meprin B has been shown to cleave pro-
interleukin-1� (20, 21), pro-interleukin-18 (41), pro-collagen
III (42), amyloid precursor protein (43), tumor growth factor �
(TGF-�) (44), tenascin-C (45), E-cadherin (46), epithelial
sodium channel (47), and vascular endothelial growth factor A
(VEGF-A) (48). The ability of meprin B to degrade extracellular

matrix components has been implicated in cell migration of
leukocytes of mesenteric lymph nodes (5) and invasion of
tumor cells that express meprin (6). Although meprin isoforms
display different substrate specificities (23), a clear pathophys-
iological role of meprin-mediated cleavage has yet to be estab-
lished. Our recent studies demonstrated that all meprin iso-
forms (both homo-dimer and hetero-dimer meprin A and
meprin B) can produce biologically active interleukin-1� from
its inactive proform in vitro and in vivo (20, 21), suggesting that
meprins may play an important role in inflammatory processes
in addition to their ability to degrade extracellular matrix com-
ponents. Thus, redistribution and shedding of meprin A into
places other than apical membranes during IR injury could be
deleterious to the kidneys due to the enormous proteolytic
activity of meprin A.

In these studies, we have identified the major protease
involved in the shedding of meprin A. Using pharmacological
and genetic approaches, we have demonstrated that ADAM10
is the key ADAM metalloproteinase responsible for the consti-
tutive and PMA- as well as IM-induced shedding of meprin A
(HEK-meprin �� transfectant) and meprin � (HEK-meprin �
transfectant). A specific inhibitor of ADAM10 and siRNA
silencing of ADAM10 markedly prevented the release of
meprin � and meprin A, whereas overexpression of ADAM10
led to an increase in the shedding of meprin � and meprin A.
The involvement of ADAMs in the shedding of meprin A sug-
gests that ADAM10 may play an important role in the patho-
physiology of AKI. Ectodomain cleavage of the � subunit of
meprin A would result in the release of the �� hetero-dimer
during injury (Fig. 9). The term ADAM (a disintegrin and
metalloprotease) signifies disintegrin-like and metalloprotei-
nase-like, two distinct properties of these enzymes that are
involved in cell adhesion as well as metalloproteinase activities.
The ADAM family of proteases is composed of multidomain
type I transmembrane proteases of the metzincin family (49 –
51) that play important roles in the proteolysis of cell surface
proteins including receptors, cytokines, and adhesion mole-
cules. Among the 38 members known so far, ADAM8, ADAM9,
ADAM10, ADAM12, ADAM15, ADAM17, ADAM28, and
ADAM33 have been identified to possess proteolytic activity.
They cleave transmembrane cell surface proteins within the
extracellular domains, resulting in the shedding of the ectodo-

FIGURE 6. Effect of siRNAs to ADAM9, ADAM10, and ADAM17 on meprin � shedding in meprin � and meprin ��-expressing clones in the absence and
presence of PMA or IM. A, ADAM10 expression was knocked down with siRNA pools to human ADAM10 in HEK293 or HEK cells stably transfected with meprin
� or co-transfected with meprin � and meprin �. Scrambled siRNA was used as a negative control. Forty-eight hours after transfection, cells were incubated
with PMA (30 ng/ml), IM (2.5 �M), or vehicle for 4 h. Cell lysates were analyzed for expression of ADAM10 by Western blot. �-Actinin served as a loading control.
B, ADAM17 expression was knocked down with siRNA pools to human ADAM17 in HEK293 or HEK cells stably transfected with meprin � or co-transfected with
meprin � and meprin �. Scrambled siRNA was used as a negative control. Forty-eight hours after transfection, cells were incubated with PMA (30 ng/ml), IM (2.5
�M), or vehicle for 4 h. Cell lysates were analyzed for expression of ADAM10 by Western blot; �-actinin served as a loading control. C, ADAM9, ADAM10, or
ADAM17 expression was knocked down with siRNA pools to the indicated ADAMs in HEK293 cells stably transfected with meprin �. Scrambled siRNA was used
as a negative control. Cells (48 h after transfection) were incubated with PMA (30 ng/ml) or vehicle for 4 h. Medium supernatants were harvested, and aliquots
of equal protein amount were analyzed by Western blot for the presence of meprin � (left panels). Albumin detected by Ponceau S stain is shown as a loading
control. This panel shows a representative Western blot from three independent experiments. Western band intensities were evaluated by densitometry
normalized to those observed in medium supernatant of the corresponding clone treated with scrambled siRNA (right panel). Numbers in the diagrams
represent the average band intensities, and bars represent the S.E. obtained from 3 independent experiments. *, p � 0.05 was considered statistically
significant. D, ADAM9, ADAM10, or ADAM17 expression was knocked down with siRNA pools to the indicated ADAMs in HEK293 cells stably co-transfected with
meprin � and �. Cells (48 h after transfection) were incubated with PMA (30 ng/ml) or vehicle for 4 h. Medium supernatants were analyzed by Western blot for
the presence of meprin � as described for panel B (left panel). Albumin detected by Ponceau S stain is shown as a loading control. This panel shows a
representative Western blot from three independent experiments. Western band intensities were evaluated by densitometry normalized to those observed in
medium supernatant of the corresponding clone treated with scrambled siRNA (right panel). Numbers in the diagrams represent the average band intensities,
and bars represent the S.E. obtained from 3 independent experiments. **, p � 0.01, ***, p � 0.001.
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main. ADAM10 and ADAM17 are the best characterized
ADAMs that are involved in the ectodomain shedding of inte-
gral membrane proteins. ADAM10 has been identified to
release the extracellular domains of key transmembrane pro-
teins including cell adhesion molecules, cadherins and nec-
tin-1, chemokines, Alzheimer disease-associated amyloid
precursor protein (APP), ephrins, Notch receptors, IL-6R, anti-
aging protein Klotho, FasL, CD44, and EGF (34, 52, 53). Thus,
shedding of key proteins by ADAM10 may play important roles
in chemotaxis, inflammation, cell-cell adhesion, and induction
of apoptosis (54). In transfected COS-1 cells, PMA-induced
ectodomain shedding of human meprin � has been previously

reported (55, 56). The authors reported that TAPI-1 was capa-
ble of inhibiting the release of human meprin �. They further
showed that tumor necrosis factor-�-converting enzyme
(TACE)-deficient fibroblasts, when transfected with human
meprin �, did not shed meprin � in response to PMA. Based on
these results, tumor necrosis factor-�-converting enzyme or
ADAM 17 was suggested to be involved in the PMA-induced
shedding of human meprin �. In these studies, however, the
specific role of ADAM10 in meprin � shedding was not identi-
fied. In addition, ADAMs responsible for meprin �� (meprin
A) shedding as well as for the constitutive shedding of meprin �
were not identified.

FIGURE 7. Overexpression of ADAM10 leads to increased shedding of meprin � shedding in meprin �- and meprin ��-expressing clones. A, HEK293
cells stably transfected with meprin � or co-transfected with meprin � and meprin � were transiently transfected with bovine ADAM10-HA in pcDNA3, empty
vector as control, or Lipofectamine 2000 alone (LF only). Cell lysates were prepared 48 h after transfection, and aliquots of equal protein amount were analyzed
by Western blot for ADAM10. �-Actinin was used as a loading control. This panel shows a representative Western blot from five independent experiments. B,
HEK293 cells stably transfected with meprin � or co-transfected with meprin � and � were transiently transfected with bovine ADAM10-HA in pcDNA3, empty
vector as control, or Lipofectamine 2000 alone (LF only). Medium supernatants were harvested 48 h after transfection and analyzed by Western blot for meprin
� shedding (left panel). This panel shows a representative Western blot from five independent experiments. Western band intensities were evaluated by
densitometry (right panel). Band intensities of clones transfected with empty vector were used as controls for normalization. Numbers in the diagrams represent
the average band intensities, and bars represent the S.E. of the mean obtained from 4 –5 independent experiments as indicated. **, p � 0.01, ***, p � 0.001.
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ADAM17 is involved in the shedding of membrane proteins
including TNF-� and its receptor TNFRI, IL-6R, L-selectin, and
ligands of the epidermal growth factor receptor (EGFR), adhe-
sion molecules, APP, colony-stimulating factor 1, and growth
factors (34, 52, 57, 58). Although ADAM10 along with ADAM9
and ADAM17 have been characterized as �-secretases based on
the cleavage of APP within the A� domain (59), it is ADAM10
that is the physiologically relevant and the constitutive �-secre-
tase in primary neurons (60, 61) that are affected in Alzheimer
disease. ADAM10 is highly expressed in most mammalian cell
types and thus is known as MADM (mammalian disintegrin-
metalloprotease). Using epidermis-specific Adam10 condi-
tional knock-out mice, ADAM10 was identified as the process-
ing enzyme for Notch in the epidermis in vivo and the crucial
sheddase necessary to mediate epidermis-specific Notch sig-
naling (62). It is generally observed that induced ectodomain
shedding is mediated by ADAM17 and constitutive shedding is
mediated by ADAM10 (34, 57, 63). However, both constitutive

and stimulated shedding of human IL-6R (63) and nectin �1
(64) by ADAM10 have also been observed.

Currently, there is limited information available on the role
of ADAM10 in the shedding of membrane-anchored proteins
in AKI. ADAM10 is highly expressed in the proximal tubules of
the kidney (65) and therefore may play an important role in
shedding of meprin A and other transmembrane proteins dur-
ing AKI. ADAM10 was recently shown to mediate shedding of
APLP2, a member of the amyloid precursor protein family in
opossum kidney proximal tubule cells (65). Inhibition of
ADAM10 activity attenuated the IFN-�-induced release of sol-
uble proinflammatory chemokine CXCL16 in distal tubular
cells (66). Although CXCL16 and ADAM10 were found to be
co-localized in distal tubules in normal and transplanted kidney
(66), the role of ADAM10 in the release of CXCL16 in vivo is yet
to be established. The role of ADAM10 in the shedding of
meprin A during AKI is crucial in view of the role of meprins in
the pathogenesis of ischemia-reperfusion- and cisplatin-in-
duced AKI in mice and rats. Meprin A shedding in response to
AKI would be important due to its enormous potential role in
protein and peptide degradation. Meprin �-deficient mice were
markedly protected from ischemia-reperfusion injury (13). The
meprin inhibitor actinonin provided marked protection against
rat renal ischemia-reperfusion injury as well as hypoxia-reoxy-
genation injury in kidney slices (67). Actinonin preserved renal
morphology and lowered BUN and serum creatinine levels
both after and before the onset of renal sepsis induced by cecal
ligation puncture (15). In addition, in this mouse model of sep-
sis, actinonin also prevented the fall in renal capillary perfusion
even when administered after the onset of sepsis injury (15). In
response to LPS-induced sepsis, meprin A-deficient mice dis-
played improved renal function and decreased nitric oxide,
IL-1�, and TNF-� levels (68), suggesting that meprin A exacer-
bated renal injury in response to LPS. Recently, meprin was
shown to exacerbate ischemia-reperfusion-induced renal
injury in male rats. Pre-ischemic treatment with actinonin (10
or 30 mg/kg, intravenous) dose-dependently attenuated ische-
mia-reperfusion-induced renal injury in male rats, but failed to
improve the renal injury in female rats (69). Previous studies

FIGURE 8. Meprin � shedding in primary renal tubular epithelial cells (RTEC) treated with inhibitors TAPI-1 or GI254023X in the presence or absence
of PMA and ionomycin. Primary renal tubular epithelial cells were treated with 50 nM PMA or 2.5 �M ionomycin or vehicle (DMSO) for 30 min prior to the
addition of 25 �M TAPI-1, 2 �M GI254023X, or vehicle. After 2 h, medium supernatants were collected and centrifuged at 500 � g for 5 min to remove cells, and
the supernatants were centrifuged at 100,000 � g for 30 min to remove cellular debris. Aliquots of equal protein content were analyzed by Western blots for
the presence of meprin �. Recombinant human promeprin � lacking its membrane anchor purified from HEK293 cells described earlier (21) is shown as a
reference (left panel). Albumin detected by Ponceau S stain is shown as a loading control. Western blot intensities were evaluated by densitometry normalized
to those observed in medium supernatants of the corresponding control (right panel). Numbers represent the average of 5 independent experiments. Error bars
represent S.E., n � 5. * p � 0.05, ** p � 0.01, *** p � 0.001.

FIGURE 9. Illustration of meprin A ectodomain shedding with putative
cleavage sites by ADAM10. The picture represents meprin A in the hetero-
tetrameric form �2�2. The two � subunits provide the membrane anchor, and
the � subunits are covalently linked to the � subunits by disulfide bridges.
Putative cleavage sites by ADAM10 are located at the junction of the AM and
the EGF-like domain. The panel on the right shows the individual domains of
a meprin � subunit.
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demonstrated that, in response to IR injury and cisplatin neph-
rotoxicity, mouse strains expressing low levels of meprin A
exhibited significantly less tubular necrosis and lower serum
creatinine and BUN values when compared with normal
C57BL/6 mice (14, 70). Moreover, active meprin A purified
from rat kidney was found to be cytotoxic in renal tubular epi-
thelial cells in culture (67), further suggesting a detrimental role
of meprins during renal injury.

In summary, our studies have demonstrated that meprin A
anchored to the apical membranes of proximal tubules is shed
in response to IR injury. The IR-induced shedding of meprin A
was evident from the altered distribution, proteolytic process-
ing in the membrane fraction, and excretion in the urine. Both
PMA-stimulated and IM-stimulated ectodomain shedding of
meprin � in HEK cell lines expressing meprin � alone and
meprin � and meprin � combined for the expression of meprin
A. Using pharmacological and genetic approaches, the major
proteolytic enzyme responsible for the shedding of meprin A as
well as meprin � was identified as ADAM10. Thus, a part of the
effects of meprin A in renal injury may be attributed to the
release of meprin A by ADAM10. Inhibiting ADAM10 activity,
therefore, could be of therapeutic benefit in AKI. Future studies
will examine whether a specific inhibitor of ADAM10 provides
protection from AKI.
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Addendum—While this paper was under review, another study
reported that ADAM10 is involved in meprin � shedding (71).
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