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One of the major attendant complications
of multiple myeloma is renal injury, which
contributes significantly to morbidity and
mortality in this disease. Monoclonal im-
munoglobulin free light chains (FLCs) are
usually directly involved, and tubulointer-
stitial renal injury and fibrosis are promi-
nent histologic features observed in my-
eloma. The present study examined the
role of monoclonal FLCs in altering the
nuclear factor � light chain enhancer of
activated B cells (NF-�B) activity of renal

epithelial cells. Human proximal tubule
epithelial cells exposed to 3 different hu-
man monoclonal FLCs demonstrated Src
kinase–dependent activation of the NF-�B
pathway, which increased production of
monocyte chemoattractant protein-1
(MCP-1). Tyrosine phosphorylation of in-
hibitor of �B kinases (IKKs) IKK� and
IKK� and a concomitant increase in inhib-
itor of �B (I�B) kinase activity in cell
lysates were observed. Time-dependent,
Src kinase–dependent increases in serine

and tyrosine phosphorylation of I�B� and
NF-�B activity were also demonstrated.
Proteasome inhibition partially blocked
FLC-induced MCP-1 production. These
findings fit into a paradigm characterized
by FLC-induced redox-signaling events
that activated the canonical and atypical
(IKK-independent) NF-�B pathways to
promote a proinflammatory, profibrotic
renal environment.(Blood. 2011;117(4):
1301-1307)

Introduction

Multiple myeloma, a malignant plasma cell disorder, has an
incidence rate of approximately 1.1% among all malignancies and
constitutes 12%-13% of hematologic malignancies in the United
States.1 In a study examining newly diagnosed patients with
multiple myeloma, the incidence of renal dysfunction, determined
by serum creatinine elevation � 1.3 mg/dL, was 48%. These same
investigators showed that an increase in the serum creatinine
concentration to � 2.0 mg/dL portended a poor prognosis, with a
35% reduction in median survival compared with patients with
normal serum creatinine concentrations.2 Mortality was accentu-
ated if patients developed end-stage kidney disease in the setting
of multiple myeloma. In one study that examined outcomes in
3298 patients, the 2-year all-cause mortality was 58% compared
with 31% for patients with end-stage kidney disease from other
causes.3 The immunoglobulin free light chain (FLC) is the culprit
in most of these renal lesions, and the majority of patients with
renal failure from monoclonal FLCs in this setting have tubulointer-
stitial renal disease.4 These studies place importance on maintain-
ing or improving renal function and emphasize the need to focus
not only on the reduction of FLCs during treatment, but also on
understanding the underlying renal pathophysiology.

A major function of the kidney is to reclaim low-molecular-
weight proteins that appear in the glomerular ultrafiltrate. FLCs are
low-molecular-weight proteins that readily undergo glomerular
filtration and are processed by the proximal tubule epithelium. Specifi-
cally, FLCs are absorbed into the proximal tubule by a receptor-
mediated complex that consists of megalin and cubilin.5-8 Once endocy-
tosed, proximal tubule epithelial cells hydrolyze the proteins and return
the amino acid residues to the circulation. Under normal conditions, total

serum FLC concentration is typically � 30 mg/L, and approximately
500 mg of FLCs are cleared daily by the kidney; however, in pathologic
states such as multiple myeloma, serum levels exceeding 100 000 mg/L
have been observed.9,10 In addition, unlike other proteins, this renal
reclamation process is complicated by intracellular oxidative stress due
to the production of hydrogen peroxide, which promotes cytotoxicity
and also initiates signaling cascades that produce a pro-inflammatory
state with elaboration of monocyte chemoattractant protein-1 (MCP-1)
and interleukin-6 (IL-6).11,12 As is true for most progressive forms of
renal disease regardless of underlying etiology, tubulointerstitial injury
and fibrosis are invariant findings that contribute to a progressive loss of
renal function.13 Thus, receptor-mediated endocytosis and metabolism
of monoclonal FLCs generates an intrarenal pro-inflammatory environ-
ment that exacerbates ongoing renal injury and tubulointerstitial fibrosis,
promoting functional progression of the kidney disease.

The intracellular signaling process is known to be mediated
through oxidative activation of c-Src, the 60-kDa product of c-src,
and activation of nuclear factor �B (NF-�B), but it is not clear how
these signaling events are linked. The present study was therefore
designed to determine the mechanism of activation of the NF-�B
pathway by FLCs.

Methods

Cells and reagents

Human proximal tubular epithelial cells. Human kidney-2 (HK-2) cells,
which have been characterized previously by Ryan et al,14 were obtained
from ATCC. Monolayers of HK-2 cells were grown on 6-well plates
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(Costar; Corning) that were precoated with 5 �g/cm2 of rat tail collagen
type 1 (Invitrogen), and incubated at 37°C with 5% CO2/95% air in
keratinocyte serum-free medium (GIBCO) supplemented with recombinant
human epidermal growth factor (5 ng/mL) and bovine pituitary extract
(50 �g/mL). Medium was exchanged at 48-hour intervals, and cells were
not used beyond 25-30 passages.

Human immunoglobulin FLCs. Three unique monoclonal FLCs, 1 �
and 2 �, labeled �2, �2, and �3, were purified using standard methods from
the urine of patients who had multiple myeloma and light-chain protein-
uria.15 These patients had clinical evidence of significant renal damage that
was presumed to be cast nephropathy, although renal biopsy was not
performed. The FLCs were endotoxin-free and were observed to generate
hydrogen peroxide and promote intracellular oxidative stress in HK-2 cells
in culture.11 Experiments were also performed using polyclonal � and �
FLCs purified from healthy blood donor sera.

Commercial reagents. 4-Amino-5-(4-chlorophenyl)-7-(t-butyl)pyra-
zolo[3,4-d]pyramidine (PP2; EMD Biosciences), 10�M, served as a potent
selective chemical inhibitor of Src kinase activity.16 Pyrrolidine dithiocar-
bamate (PDTC; Sigma-Aldrich), 200�M, served as a cell-permeable,
selective inhibitor of NF-�B.17,18 bortezomib (PS-341; Millennium Pharma-
ceuticals), a proteasome inhibitor,19 was used in concentrations between
0 and 200nM. Rabbit polyclonal antibody to RelA (p65; Abcam) and Alexa
Fluor 488–labeled goat anti–rabbit immunoglobulin G (IgG; Molecular
Probes) were used in the confocal laser scanning microscopy experiments.
Antibodies directed against IKK�, IKK�, I�B�, phospho-I�B� (S32/36),
and phospho-c-Src (Y416) were obtained from Cell Signaling Technology.
Anti–phosphotyrosine antibodies were also obtained commercially (Milli-
pore). IKK� kinase activity was quantified using an in vitro kinase assay
with biotinylated I�B� as a substrate (HTScan IKK� kinase assay kit; Cell
Signaling Technology). MCP-1 was quantified with a sandwich enzyme
immunoassay (human MCP-1 enzyme-linked immunosorbent assay kit,
R&D Systems). NF-�B activity in nuclear extracts was quantified using a
kit (NF-�B filter plate assay; Signosis). Release of hydrogen peroxide into
the medium was determined using a kit (Amplex red hydrogen peroxide/
peroxidase assay kit; Invitrogen), as described previously.11,12 Release of
cellular lactate dehydrogenase into the medium was determined using a kit
(Roche Diagnostics).

Experimental approach

At the start of the experiment, the medium was exchanged for keratinocyte
serum-free medium containing FLCs (1 mg/mL), and cells were incubated
for up to 24 hours with the FLCs before analysis. The FLC concentration
(1 mg/mL) was within the expected concentration range to which proximal
tubule cells are exposed based on the serum levels found in patients with
multiple myeloma10,20 and the estimated glomerular sieving coefficients for
these low-molecular-weight proteins.21,22 The pharmacologic inhibitors
PP2, PDTC, and PS-341 were added just before the addition of the FLCs.

For immunofluorescence microscopy, cells were grown on glass slides
precoated with type 1 collagen. After 24 hours of incubation with the FLCs
(�2 and �2), the cells were fixed for 5-10 minutes in acetone and then
incubated with the anti–p65 antibody for 1 hour at room temperature. Cells
were then incubated with the secondary antibody, Alexa Fluor 488-labeled
goat anti–rabbit IgG, at a 1/1000 dilution for 1 hour. 4�,6-Diamidino-2-
phenylindole, dihydrochloride was used to stain nuclei. The slides were
examined using confocal laser scanning microscopy (model LSM 710
confocal microscope; Carl Zeiss MicroImaging) provided through the High
Resolution Imaging Facility at the University of Alabama at Birmingham.

For immunoprecipitation studies, Western blot analyses, and IKK�
kinase assays, cells were lysed in radioimmunoprecipitation assay buffer
containing a protease inhibitor cocktail (Complete; Roche). Cell lysates
were clarified by centrifugation and lysates were stored at �70°C until they
were assayed. Total soluble protein in lysates was determined using a kit
(BCA protein assay kit; Pierce). For coimmunoprecipitation experiments,
the lysates were initially incubated with 1.0 �g of a control IgG that corresponded
to the host species of the primary antibody and 20 �L of agarose-conjugated
protein A (Santa Cruz Biotechnology), 25% vol/vol, at 4°C for 30 minutes. After
centrifugation and transfer of the supernatant, the lysates were incubated with
1 �g of primary antibody for 2 hours at 4°C. After the addition of 20 �L of

agarose-conjugated protein A suspension, the solutions were incubated at 4°C on
a rocker platform overnight. The pellets were washed 3 times with ice-cold
radioimmunoprecipitation assay buffer and then boiled in sodium dodecyl sulfate
sample buffer containing dithiothreitol (6.0 mg/mL). The proteins were resolved
on 12% sodium dodecyl sulfate-polyacrylamide gels and transferred to polyvinyli-
dene fluoride membranes for Western blotting, which proceeded in the standard
fashion.23-25

To quantify NF-�B activity, after incubation for 4 or 24 hours in
medium containing �2 or �3 FLCs, 1 mg/mL, the cells were harvested and
nuclear extracts were prepared using a nuclear extraction kit (Signosis). The
nuclear extracts were then used to determine NF-�B activity following the
directions provided by the manufacturer.

Statistical analysis

Data were expressed as means 	 SEM. Significant differences among
datasets were determined by analysis of variance with standard post-hoc
testing (GraphPad InStat version 3.1a for Macintosh, GraphPad Software).
A P value less than .05 was assigned statistical significance.

Results

Incubation of human proximal tubule epithelial cells with
human monoclonal FLCs promotes the appearance of RelA
(p65) in the nucleus and the production of MCP-1

Confocal microscopy demonstrated nuclear colocalization of RelA
(p65) during incubation of HK-2 cells with �2 and �2 FLCs, 1 mg/mL

Figure 1. Incubation of human proximal tubular epithelial cells with 2 different
monoclonal FLCs (�2 and �2) increases the production of MCP-1 through
activation of the NF-�B pathway. (A) Confocal laser scanning microscopy using the
LSM 710 confocal microscope (Carl Zeiss MicroImaging) and the accompanying
LSM 710 ZEN software demonstrated nuclear localization (arrowheads) of RelA
(p65) in cells within 6 hours of exposure to �2 and �2 FLCs (1 mg/mL). The white bar
represents 10 �m. (B) Increase in MCP-1 production induced by 24-hour incubation
of renal epithelial cells with the FLCs was inhibited by PDTC, an inhibitor of NF-�B.
*P � .05 compared with samples incubated in medium alone (control) and in medium
containing the corresponding FLCs and PDTC; n 
 6 experiments in each group.
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(Figure 1A). Consistent with prior studies,11,12 both �2 and �3 FLCs
increased the production of MCP-1 by HK-2 cells; the addition of the
NF-�B inhibitor PDTC inhibited this response (Figure 1B). In contrast,
no statistically significant changes were observed in the release of
hydrogen peroxide or MCP-1 into the medium among the different
conditions of vehicle, polyclonal � or � FLCs at 1 or 5 mg/mL, and
equimolar concentrations of delipidated human serum albumin at 3 or
15 mg/mL (n 
 6 per group).

Human FLCs induce an Src kinase–dependent tyrosine
phosphorylation of IKK� and IKK�

Prior studies demonstrated that Src-kinase activity, particularly
c-Src, increases in proximal tubular cells during incubation with
FLCs.12 Coimmunoprecipitation studies have demonstrated that
active c-Src associates in a time-dependent fashion with both IKK�

and IKK�; the addition of the Src kinase inhibitor PP2 prevented
this interaction (Figure 2A-B top panels). Interaction was observed
at 2 and 4 hours of incubation and returned to baseline by 24 hours.
In an Src-kinase-dependent manner, both IKK� and IKK� were
tyrosine phosphorylated (Figure 2A-B middle panels), an event
known to activate these enzymes by c-Src.26,27 Active IKK� and
IKK� form hetero- and homodimers, but activated IKK� in
particular appears to be the primary kinase responsible for phosphor-
ylation of I�B� on serine residues at positions 32 and 36.28-31 An in
vitro IKK� kinase assay, which used biotinylated I�B� as a
substrate, confirmed a 1.5-2–fold increase in IKK� enzyme activity
at 2 and 4 hours in lysates from cells incubated with �2 and �3
FLCs compared with time-controlled experiments, with a return to
baseline by 24 hours. The increase in IKK� activity was inhibited
by the addition of PP2.

Figure 2. FLCs promote a time-dependent coimmunoprecipi-
tation of IKK� and IKK� with activated c-Src, which induces
tyrosine phosphorylation of these I�B kinases. Renal epithe-
lial cells were incubated with 2 different FLCs (�2 and �3) and
vehicle. At different time points (0, 2, 4, and 24 hours), the
experiments were stopped and cell lysates were produced to
immunoprecipitate either IKK� (A) or IKK� (B). These experi-
ments demonstrated a time-dependent association with activated
(phosphorylated) c-Src (top panels) in lysates obtained from cells
exposed to the monoclonal FLCs but not medium alone. The
approximate 2- to 4-fold increase in association of activated c-Src
with the I�B kinases was prevented by the addition of PP2. The
middle panels of (A) and (B) demonstrate a contemporaneous
2- to 4-fold increase in tyrosine phosphorylation of the I�B kinases
in those cells exposed to the FLCs but not vehicle. The bottom
panels demonstrated the presence of similar amounts of IKK� (A)
or IKK� (B) in the immune precipitate. The other major band in the
gels represents the heavy-chain component of the antibody used
to precipitate the protein complexes.

Figure 3. FLCs (�2 and �3) induce Src kinase-dependent serine and
tyrosine phosphorylation of I�B� in renal epithelial cells. Renal
epithelial cells were incubated with 2 different FLCs (�2 and �3) and
vehicle. At different time points (0, 2, 4, and 24 hours), the experiments
were stopped and cell lysates were produced to immunoprecipitate I�B�.
Incubation of cells with the FLCs �2 and �3, but not the vehicle, promoted
a � 2-fold increase in serine phosphorylation of I�B� (top panels), indicat-
ing activation of the canonical NF-�B pathway. This effect, which was
observed as early as after the first 2 hours of incubation, was inhibited by
the Src kinase inhibitor PP2. Both FLCs, but not the vehicle, generated a
4-fold increase in tyrosine phosphorylation of I�B� (middle panels); this
was also inhibited by PP2. The bottom panels demonstrate the presence
of I�B� in all of the samples studied. The other major band in the gels
represents the heavy-chain component of the antibody used to precipitate
the protein complexes.
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Human FLCs promote an Src kinase–dependent serine and
tyrosine phosphorylation of I�B�

Incubation of cells with �2 and �3 FLCs promoted a time-
dependent, Src kinase–dependent phosphorylation of serine resi-
dues at positions 32 and 36 of I�B� (Figure 3 top panels),
indicating activation of the canonical NF-�B pathway.32-34 In
addition, we also observed a time-dependent, PP2-inhibitable
tyrosine phosphorylation of I�B� (Figure 3 middle panels), which
also directly promotes the activation of NF-�B independently of
the IKK complex.35 These findings indicated that c-Src regulates
the NF-�B pathway through several posttranslational modifications
of upstream molecules in this system.

FLC-induced nuclear NF-�B activity and MCP-1 production are
inhibited by Src kinase inhibition

NF-�B activity was quantified in nuclear extracts of cells incubated
for 4 or 24 hours in medium containing �2 or �3 FLCs. Consistent
with the immunofluorescence studies (Figure 1A), increased NF-�B
activity was observed at 4 and 24 hours with both FLCs;
coincubation with PP2 inhibited the increase in activity (Figure
4A). The observed increase in MCP-1 production by cells incu-

bated with FLCs (�2 and �3) was inhibited by the addition of PP2
(Figure 4B).

PS-341 partially inhibits FLC-induced MCP-1 production

PS-341 inhibits the proteasome, a feature that prevents the
degradation of I�B� after serine phosphorylation, and thereby
inhibits NF-�B activity.36,37 Experiments were therefore per-
formed to determine whether PS-341 inhibited FLC-induced
production of MCP-1 by proximal tubular cells. In initial
studies, the dose of PS-341 was titrated between 0.8 and 200nM
to minimize cytotoxicity. The cells tolerated PS-341 at a
concentration of 7nM in the medium (Figure 5); release of
cellular lactate dehydrogenase into the medium did not differ
between vehicle- and PS-341–treated (7nM) cells (0.315 	 0.22
vs 0.281 	 0.016; P � .05). PS-341 (7nM) partially inhibited
the MCP-1 production that occurred when cells were incubated
with �2 and �2 FLCs (Figure 6).

Discussion

The complexities of the NF-�B pathway have been elucidated in
some detail in previous studies.32-34 The canonical NF-�B
signaling pathway is initiated by activation of the IKK complex,
which consists of IKK�, IKK�, and NEMO (IKK�). This
complex phosphorylates I�B, releasing the NF-�B complex and
permitting nuclear translocation of this transcription factor and
the induction of gene transcription. The NF-�B pathway may be

Figure 4. Incubation of renal epithelial cells with 2 different FLCs (�2 and �3)
increase nuclear NF-�B activity and promote MCP-1 production in an Src
kinase–dependent fashion. (A) Nuclear lysates were obtained from HK-2 cells
after 4 and 24 hours of incubation in medium containing 2 different FLCs (�2 and
�3). Nuclear NF-�B activity was quantified using a filter plate assay, which
consisted initially of incubating nuclear extracts with a biotinylated NF-�B–
specific DNA-binding sequence. This NF-�B DNA complex was captured on a
filter plate to remove the unbound probes and was then denatured and hybridized
onto precoated microwells. Bound NF-�B DNA complexes were detected with
streptavidin–horseradish peroxidase and quantified using a luminometer. Re-
sults, expressed in relative light units, showed an increase in nuclear NF-�B
activity at 4 and 24 hours of incubation of renal epithelial cells with �2 and �3 FLCs
compared with medium alone. The addition of PP2 to the medium inhibited the
FLC-induced increase in activity. *P � .05 compared with contemporaneous
samples incubated in medium alone, PP2, and corresponding FLCs and PP2;
n 
 6-12 experiments in each group. (B) Increase in production of MCP-1 after
overnight incubation of renal epithelial cells with the �2 and �3 FLCs; the addition
of PP2 prevented this FLC-induced increase in MCP-1. *P � .05 compared with
control and samples treated with PP2 and corresponding FLCs; n 
 6 experi-
ments in each group

Figure 5. Exposure of renal epithelial cells to PS-341 in concentrations < 22nM
does not produce cytotoxicity. To determine the sensitivity of HK-2 cells to PS-341,
cells were incubated overnight in medium containing PS-341 in concentrations
between 0.8 and 200nM. Although concentrations up to 7mM were well tolerated, cell
loss was observed at 22 and 200nM.
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activated by a variety of events, including tyrosine phosphoryla-
tion of members of the IKK complex, IKK� and IKK�,26,27 or
I�B�.35 Tyrosine phosphorylation of I�B� activates NF-�B
independently of the IKK complex (termed the atypical path-
way).33,35 In prior studies from this laboratory, monoclonal
FLCs were found to promote MCP-1 and IL-6 production
through intracellular redox signaling events provoked by elabo-
ration of hydrogen peroxide.11,12 A critical mediator was c-Src,
which was revealed using RNA interference and pharmacologic
inhibitors12; findings from those studies also supported direct
oxidation of c-Src, which as Giannoni et al have showed,38

facilitates c-Src activation. The present studies demonstrated
that, in the setting of FLC-induced activation of proximal
tubular epithelium: (1) the NF-�B pathway was activated,
nuclear translocation of RelA (p65) was observed, and MCP-1
production was mitigated by inhibitors of NF-�B and c-Src;
(2) active (phosphorylated) c-Src coimmunoprecipitated with
both IKK� and IKK� and promoted a time-dependent tyrosine
phosphorylation of these enzymes; (3) I�B� was activated by
the canonical pathway, as demonstrated by serine phosphoryla-
tion, but was also tyrosine phosphorylated in an Src kinase–
dependent fashion; and (4) the increase in NF-�B activity was
inhibited by Src inhibition. The combined findings demonstrate
that c-Src activation is upstream of NF-�B and activates,
through tyrosine phosphorylation, both the canonical and atypi-
cal (IKK-independent) NF-�B pathways (Figure 7). Finally, not
all FLCs appear to activate the proximal tubule, because
exposure of HK-2 cells to a mixture of polyclonal � and � FLCs

did not generate hydrogen peroxide or promote MCP-1 produc-
tion. Along with prior data demonstrating that the cellular
response to various monoclonal FLCs differs in intensity,11 the
combined data suggest that the underlying mechanism integrally
involves the physicochemical composition of the FLCs.

The present study has potential clinical relevance. Renal failure,
a major complication of multiple myeloma, shortens life span and
heralds a poor prognosis in these patients.2 Monoclonal immuno-
globulin FLCs are the culprit in most of these renal lesions, and the
majority of patients with renal failure from FLCs in this setting
have tubulo-interstitial renal disease.4 Endocytosis of monoclonal
FLCs into the proximal tubular epithelium promotes the intrarenal
generation of chemokines such as MCP-1, which contributes to the
proinflammatory, profibrotic process in the interstitium. Particu-
larly relevant to myeloma, activation of the NF-�B pathway also
promotes the production of other cytokines, especially IL-6. In
addition, other signaling pathways, including p38 mitogen-
activated protein kinase, are involved in this process.12,39-42 Clinical
evidence suggests that bortezomib (PS-341)–based therapies pro-
vide effective treatment of myeloma, even in patients with ad-
vanced renal failure.43,44 A recent nonrandomized trial showed that
a bortezomib-based chemotherapeutic regimen produced a high
response rate in patients who had myeloma and FLC-induced
acute kidney injury, with improvement in renal function noted in
62%.45 The results of the present study suggest that proteasome
inhibitors such as bortezomib may afford additional therapeutic
benefit in those patients who have myeloma and associated
renal dysfunction, perhaps by interfering with NF-�B activa-
tion36,37 and renal epithelial cell production of MCP-1 and
IL-6. However, the reduction in FLC-induced MCP-1 produc-
tion by this proteasome inhibitor was less than complete. The
reason for this partial response was not conclusively deter-
mined, but was perhaps related to the discovery that FLCs
generated multiple activation points in the NF-�B cascade.
Unlike phosphorylation of serine residues at positions 32 and
36, which promote ubiquitination and degradation of I�B�,46

tyrosine phosphorylation of I�B� can permit activation of
NF-�B without proteasomal degradation of I�B�, rendering
proteasome inhibition ineffective in completely preventing
NF-�B activation.32,35 Finally, other pharmacologic interven-
tions, including the use of novel agents such as pituitary
adenylate cyclase-activating polypeptide-38, which inhibits
FLC-induced NF-�B activity and proinflammatory cytokine and
chemokine production,41 or perhaps an Src-kinase inhibitor,
may provide additional efficacy in those patients who have
myeloma and associated kidney disease from overproduction of
monoclonal FLCs.

Until a cure for multiple myeloma is found, the attendant renal
complications that contribute significantly to morbidity and mortal-
ity in this disease should be considered in therapeutic plans. Even
small elevations in the serum creatinine concentration reflect
significant renal disease. Although the findings were limited to in

Figure 6. Overnight coincubation of PS-341 (7nM) with FLCs (�2 and �2)
inhibits renal epithelial cell production of MCP-1. HK-2 cells were incubated
overnight in medium that contained PS-341 (7mM) and 2 different FLCs (�2 and �2).
While PS-341 did not affect MCP-1 production by cells incubated in medium alone,
FLC-induced MCP-1 production was partially inhibited. *P � .05 compared with
sample containing the corresponding FLCs; n 
 6 in each group

Figure 7. Diagram depicting the proposed signal
transduction pathway that is initiated after endocyto-
sis of FLCs into renal epithelial cells and leads to
activation of the canonical and atypical NF-�B path-
ways. Data supporting this pathway have been published
previously11,12 and are also found in the present study.
RNAi, RNA interference; DMTU, 1,3-dimethyl-2-thiourea.
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vitro experiments, the present study emphasizes both the chal-
lenges in providing effective renoprotective therapy and additional
potential avenues to pursue in the management of patients with
renal dysfunction from multiple myeloma.
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