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Treating myeloma cast nephropathy without treating myeloma

Nelson Leung

J Clin Invest. 2012;122(5):1605-1608. https://doi.org/10.1172/JC163248.

Cast nephropathy is the result of coprecipitation of immunoglobulin free light chains (FLCs) with Tamm-Horsfall
glycoprotein (THP). It is a hallmark of multiple myeloma that has significant consequences. Treatment strategies in the
past focused on reduction of serum FLC by control of the myeloma. In this issue, Ying et al. report on their successful
synthesis of a cyclized competitor peptide that blocks the binding of FLC to THP. In animal studies, this cyclized peptide
was capable of reducing cast formation and kidney injury, representing a novel treatment strategy for cast nephropathy
that does not depend on the responsiveness of the myeloma to chemotherapy.
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Gomez de Agtiero and coworkers suggest
that LCs may help tune the reactivity of
the skin’s immunologic barrier and that
LC dysfunction may contribute to devel-
opment of allergic contact dermatitis to
ubiquitous weak sensitizers (Figure 1).
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Treating myeloma cast nephropathy
without treating myeloma
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Cast nephropathy is the result of coprecipitation of immunoglobulin free
light chains (FLCs) with Tamm-Horsfall glycoprotein (THP). It is a hall-
mark of multiple myeloma that has significant consequences. Treatment
strategies in the past focused on reduction of serum FLC by control of the
myeloma. In this issue, Ying et al. report on their successful synthesis of
a cyclized competitor peptide that blocks the binding of FLC to THP. In
animal studies, this cyclized peptide was capable of reducing cast forma-
tion and kidney injury, representing a novel treatment strategy for cast
nephropathy that does not depend on the responsiveness of the myeloma

to chemotherapy.

Sixty-one years passed between the descrip-
tion of Bence Jones proteinuria and the first
use of the term “myeloma kidney,” by Alfred
von Decastello in 1909, to describe the tubu-
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lar plugging by an amorphous substance in
the kidney of myeloma patients (1). Oliver’s
“cast nephropathy” later replaced it, in 1945,
and remains in use today (2). So why was
there such a delay in recognizing the neph-
rotoxic potential of Bence Jones protein
(BJP)? In modern times, renal impairment is
accepted as a frequent occurrence in myelo-
ma patients and is one of the diagnostic
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criteria of symptomatic multiple myeloma
(3). The reason that physicians in the late
19th century failed to recognize the neph-
rotoxicity of BJP can atleast be partly attrib-
uted to Thomas McBean, the now-famous
patient whose urine was studied by William
Macintyre, Thomas Watson, and Henry
Bence Jones, who had grossly and micro-
scopically normal kidneys despite excreting
a calculated 67 g/d of protein (4). The same
phenomenon has been reported in modern
literature, confirming that at least in some
patients, a massive amount of Bence Jones
proteinuria can have little negative effect
on the kidney (5). Part of the mystery was
solved in the 1950s by Korngold and Lipari
when they discovered BJP actually referred
to two different myeloma proteins (k and A,
later named in honor of them) (1). Edelman
and Gally later identified these proteins as
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immunoglobulin light chains and showed
that BJP from each individual patient was
identical to the monoclonal light chain in
his/her blood. Each patient would generally
produce either a k or a A BJP correspond-
ing to the light chain restriction of his/her
myeloma (1). The final piece of the puzzle
finally came to light in the 1980s when
Tamm-Horsfall glycoprotein (THP, also
known as uromodulin), the most abundant
protein in human urine, was found in the
casts along with monoclonal light chain (6).
Cast nephropathy occurs when BJP and THP
bind and coprecipitate (6). Since the affinity
for THP varies from one light chain to the
next, the risk of developing cast nephropa-
thy varies from patient to patient.

We have learned a great deal since, and
mostly through the work of Paul Sand-
ers. For over 20 years, Sanders and his lab
have detailed the interactions between
BJP and THP, discovered factors that pro-
mote and inhibit their coprecipitation,
described the binding site of THP and
BJP, and introduced the basis for treat-
ment strategies (2, 6-8). Now, in their lat-
est manuscript, by Ying et al., published
in this issue of the JCI, the Sanders group
again expands our horizon by describing
a completely novel treatment approach

for cast nephropathy (9).

Cast nephropathy in multiple
myeloma

Cast nephropathy is the most common
form of kidney disease in patients with
multiple myeloma, accounting for at
least two-thirds of the renal pathologies
(10). The coprecipitation of BJP with THP
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obstructs the ascending limb of the loop
of Henle, resulting in rapid decline in
renal function (Figure 1). The light chain
casts generate intense inflammation via
the activation of c-Src and NF-kB, and
subsequent chemotaxis of immune cells
leads to further damage of the kidney
(11). If the obstruction is not eliminated,
the damage becomes irreversible. Irrevers-
ible renal failure has been associated with
poor outcome in these patients (12, 13).
Cast nephropathy, however, is just one
of many diseases associated with mono-
clonal immunoglobulins. Others include
monoclonal immunoglobulin deposition
disease (MIDD), immunoglobulin light
and heavy chain amyloidosis (AL and AH),
cryoglobulinemic glomerulonephritis,
fibrillary glomerulonephritis, immuno-
tactoid glomerulonephritis, acquired Fan-
coni syndrome, and proliferative glomeru-
lonephritis with monoclonal IgG deposits
(10). These diseases differ in location of
damage within the nephron, presenta-
tion, clinical course, and response to ther-
apy. It is therefore important to confirm
the source of renal disease when starting
treatment. Unfortunately, distinguishing
one etiology from another may be chal-
lenging without a kidney biopsy.

The current therapeutic approaches
focus on the reduction of the serum free
light chain (sFLC). This is mainly done by
killing the myeloma plasma cells. Stud-
ies suggest a rapid reduction of sFLC by
a minimum of 50%-60% is required for
renal recovery in patients with proven cast
nephropathy (14, 15). Prior to the devel-
opment of the novel chemotherapeutic
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Figure 1

Light microscopy of a kidney with cast
nephropathy stained with PAS stain. Multiple
distal tubules are filled with PAS-negative
casts (asterisks). Some of the cast have a
fractured appearance. An inflammatory cel-
lular reaction is seen surrounding the casts
(single-headed arrows). Inflammatory infil-
trates (single-headed arrows) are seen in
the interstitium of the kidney, usually near
obstructed tubules. All of these are character-
istic features of cast nephropathy. Increased
spacing (double-headed arrows) between
tubules throughout the biopsy indicates either
edema (acute) or tubular atrophy (chronic)
and is the result of the injury from the casts.
Normally tubules should be lined back to back
with each other.

agents (bortezomib, thalidomide, and
lenalidomide), renal recovery rates were
low, ranging between 26% and 58% (12, 13).
To augment the effects of chemotherapy,
plasmapheresis (extracorporeal removal)
had been employed, but its efficacy could
not be consistently demonstrated (15).
A higher rate (86%) of renal recovery was
reported in a smaller retrospective study
using bortezomib-based regimens with
plasmapheresis, which targeted a mini-
mum sFLC reduction of 50% (16). A simi-
lar strategy of combining novel agents with
extracorporeal removal of sFLC has been
fashioned using high cutoff (up to 50 kD)
dialyzers, which allow the sFLC to freely
pass through the filter (17). The success of
this strategy has inspired several random-
ized trials that are currently ongoing.

New insight for new strategies

The main problem with current therapeu-
tic strategies is the dependence on sFLC
reduction. Currently, no therapy is 100%
effective against multiple myeloma (18). It
remains to be determined whether extra-
corporeal devices can reduce sFLC enough
to affect renal recovery if the patient is
refractory to chemotherapy. This is why
the study by Ying et al. (9) is so impor-
tant to this field: it completely bypasses
the need to control the myeloma. Having
previously characterized the FLC-binding
site of THP (7), the authors were able to
construct a competitive inhibitor peptide
(AHXCLSADSSGSYLYVCKK) capable of
interrupting the binding between FLC and
THP, thus preventing obstruction (Figure
2). The activity was further enhanced by
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Treatment of cast nephropathy by targeting THP and FLC interaction. (A) Excessive monoclonal FLC is filtered and binds with THP in the ascend-
ing limb of the loop of Henle, resulting in obstruction and cast nephropathy. (B) In the presence of cyclized competitor peptide (CCP), the binding
site of THP is blocked, thus preventing FLC from binding and coprecipitation with it. FLC and THP both pass freely through the nephron.

the addition of cysteine residues to the
termini of the peptide, which allowed
the peptide to be cyclized via an intramo-
lecular disulfide bond. Ying et al. showed
in animal studies the cyclized inhibitor
peptide was able to prevent cast formation
and, more importantly, prevented renal
impairment even after cast formation had
already occurred (9). The one limitation
of this work is that the experiment only
allowed four hours between the infusion of
the light chain and the inhibitor. Clinical
utility will greatly depend on future stud-
ies that can demonstrate activity after lon-
ger delays, since patients with renal failure
from cast nephropathy may present several
days to weeks after the initial renal injury.
The cyclized competitor peptide described
by Ying et al. is not the first agent to bypass
the need for sFLC reduction in the treat-
ment of cast nephropathy. The polypeptide
pituitary adenylate cyclase-activating poly-
peptide with 38 residues (PACAP38) has
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demonstrated high activity at blocking
cellular damage from sFLC in an in vitro
setting. However, the in vivo studies so far
only looked at its ability to inhibit TNF-a
production and did not evaluate its abil-
ity to prevent or reverse renal failure (19).
Similarly, bortezomib has been shown to
reduce the activation of several patholog-
ic pathways, including c¢SRC and NfKB
(11), though it is probably insufficient to
reverse renal failure by cast nephropathy
as a single agent.

Remaining questions

The therapeutic potential cyclized peptide
AHXCLSADSSGSYLYVCKK offers is very
appealing, but many questions remain.
First, how competitive is the cyclized
peptide against sFLC? Can this cyclized
peptide overcome levels of sFLC even
greater than 10,000 mg/dl, which have
been reported in some patients? How soon
does it need to be administered in order
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for it to be effective? Will it work in severe
renal failure where filtration may be hin-
dered? Does it need to enter the urinary
space in order for it to block the THP-
binding site? What other proteins does it
bind? These and other questions will no
doubt need to be answered as we explore
its therapeutic potential.

However, whether or not this particular
protein will have therapeutic uses, the con-
cept will no doubt stimulate new therapeu-
tic strategies for this disease. In this regard,
the work of Ying et al. (9) represents the lat-
est chapter in the history of cast nephropa-
thy, which began with the determination
that the protein in McBean’s urine was a
“deutoxide of albumen” and the recom-
mendation by Bence Jones that it “must
again be looked for in acute cases of molli-
ties ossium” (4). The possibility of treating
cast nephropathy without effectively treat-
ing the hematologic disease opens many
possibilities. For the first time, patients
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whose myeloma is refractory to treatment
might still recover their renal function.
Moreover, cyclized peptides such as the
one described can also help patients with
monoclonal gammopathy-related kidney
diseases. Many of these patients have non-
malignant lymphoproliferative or plasma
cell disorder that would not require treat-
ment if not for the renal complication
(10). Therapeutic strategies that target the
monoclonal protein rather than the plas-
ma cell are extremely attractive because
they would avoid the use of toxic chemo-
therapy in those patients who do not have a
malignancy condition. This strategy could
be quite useful in patients with AL amyloi-
dosis who may be too frail to go through
chemotherapy. The potential treatment
opportunities of this concept represent
new and less toxic treatments for the entire
range of plasma cell diseases.
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NADPH oxidase regulates efficacy
of vaccination in aspergillosis
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Invasive aspergillosis is often a consequence of immune suppression, and
accumulating evidence points to a role for adaptive immunity. Hence, it may
be possible to manipulate the adaptive immune system to enhance protec-
tive immunity in at-risk individuals. In this issue of the JCI, De Luca and
colleagues describe the ontogeny of adaptive immune responses to murine
aspergillosis infection in relation to vaccination. Their thought-provoking
findings reveal the complexities of vaccine-induced immunity and could be

used to improve vaccine efficacy.

Aspergillus spp constitute an omnipresent
mold, found in air, water, and soil. Conid-
ia — spores that are released from hyphae
— are inhaled daily by humans. The major
variable in human exposure is the num-
ber of particles, and this value may be low
indoors and strikingly high in areas that
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contain decaying matter. The species of
Aspergillus that cause invasive infection
are limited, but these share an impor-
tant trait: the ability to grow at 37°C,
human body temperature. Among those
that cause invasive disease in humans,
A. fumigatus is the most prevalent fol-
lowed, by A. flavus (1, 2).

Despite constant contact with conidia,
the immunocompetent host rarely develops
invasive disease, largely because immune
defenses in lungs are highly effective. Infec-
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tion is initiated when host resistance is
dampened, and spores convert into hyphae
that disseminate through the vascular sys-
tem. Several risk factors predispose individu-
als to infection with Aspergillus. Chief among
them are the use of glucocorticoids to treat
inflammatory disorders, severe neutrope-
nia induced by cytotoxic agents, or, less fre-
quently, the use of TNF-o antagonists. The
risk of disease acquisition escalates in paral-
lel with the length of glucocorticoid admin-
istration or the duration of neutropenia (1).
Qualitative defects in neutrophil function
also increase the probability of acquiring
disease. One of the more common disorders
associated with dysfunctional phagocytes is
chronic granulomatous disease (CGD), an
inherited disease in which the fundamen-
tal genetic defect is in the assembly of the
NADPH oxidase (3). Since the leukocytes
from these patients fail to mount a vigor-
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