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An animal model of MGRS:
what advances await?
Nelson Leung | Mayo Clinic

In this issue of Blood, Bender et al report the successful development of a
model of light chain (LC) deposition disease using knockin k LC gene in a
transgenicmousemodel.1 Thismodel reproduces all the features of the human
disease, but it does not rely on myeloma cells, which have been a double-
edged sword in other models.

In 2012, the International Kidney and
Monoclonal Gammopathy Research
Group (IKMG) introduced the concept of
monoclonal gammopathy of renal sig-
nificance (MGRS).2 The concept of MGRS
was based on monoclonal gammopathy
of undetermined significance (MGUS), a
premalignant condition, but there was
1 key difference. By definition, patients
with MGUS cannot have any end organ
damage, whereas patients with MGRS
have a kidney disease associated with the
monoclonal gammopathy.3 The goal of the
MGRS designation by the IKMG was to
separate the kidney disease from the
cancer. Until then, treatment was predi-
cated by the development of a malig-
nancy.3 Conversely, therewas an increasing
recognition that patients were presenting
with kidney injury from the monoclonal
immunoglobulin (Ig) that did not meet the
criteria for multiple myeloma. In some
cases, such as chronic lymphocytic leuke-
mia, kidney involvement was not even
defined in the diagnostic criteria.4 Treat-
ment was not recommended until standard
criteria for the corresponding cancer was
met, which were based on clonal prolifer-
ation and expansion.3,4 The introduction of

MGRS showed that kidney disease can
develop independently of the cancer, and
the use of cytotoxic therapy to salvage
or preserve kidney function was recom-
mended, even when a cancer did not exist.2

The treatment of MGRS was built on
2 precedents.2 First, a majority of the pa-
tients with Ig LC (AL) amyloidosis have
,10% bone marrow plasma cells with no
myeloma-defining events, and few ever
progress to multiple myeloma.5 Despite
that, cytotoxic therapies, including au-
tologous stem cell transplantation, are
standard therapy for patients with AL
amyloidosis.6 Second, studies have repro-
duced the kidney lesions in animals by
injecting the humanmonoclonal Ig without
any of the clonal cells, suggesting that the
monoclonal protein, not the cells, is the
most important pathogenic agent.7 This
evidence suggests that elimination of
monoclonal protein should be the goal and
that the use of cytotoxic therapy is justified.

One of the most difficult aspects of
studying MGRS-associated diseases is
their rarity. AL amyloidosis, which has a
prevalence of 10 to 12 per million per year

is actually the most common MGRS-
related disease.8 It is difficult to conduct
a randomized trial in MGRS-related dis-
eases, even for multicenter consortiums.
Nearly all the treatment data come from
retrospective studies. A good animal
model is therefore invaluable for study-
ing these diseases. However, creating a
good animal model is not without chal-
lenge, and few animal models are actu-
ally successful in reproducing the human
disease.9 One of the challenges in animal
models is maintaining the level of mono-
clonal protein required for development of
these renal lesions. The high sustained
levels needed are often challenging to
maintain, even with repeated injections.
Second, in models in which the monoclo-
nal protein is produced by myeloma cells,
the animal may die of the malignancy be-
fore kidney disease develops. Finally, some
animals have natural resistance to de-
veloping certain diseases. A prime example
is AL amyloidosis, which is extremely diffi-
cult to reproduce in mice.9 Thus, only a
limitednumberof animalmodels havebeen
developed for studying these diseases.

So it is exciting that the group from Li-
moges, France, has successfully devel-
oped an animal model of MGRS-related
disease, which is an advancement of their
previous work. Their first model was a
heavy chain (HC) deposition disease
model, which was followed by an LC
proximal tubulopathy (acquired Fanconi
syndrome) model.9 Bender et al report
the successful creation of a transgenic
mouse model for LC deposition disease,
the most common form of monoclonal Ig
deposition disease. By using a site-
directed insertion of a human patho-
logic LC gene into a mouse Ig k locus,
they were able to direct 95% of the
mouse plasma cells to produce the hu-
man pathologic LC, which resulted in
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By replacing the Jk segments of the mouse Ig gene with a human VJ exon/neomycin cassette, all endogenous rearrangement is blocked, which leads to the production of
chimeric human VJ/mouse k constant LC. Breeding with DH-LMP2A mice ensures the production of only free LCs by all B and plasma cells. The high serum concentrations
of a monoclonal k-free LC produced in the development of LC deposition disease is reminiscent of the human disease at 6 months.
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monoclonal free LC levels of 1000 mg/L
in the serum and development of Bence
Jones proteinuria similar to that in human
patients (see figure). In addition, the LC
deposition disease that developed in the
mice mimics all of the human renal pathol-
ogy, including nodular glomerulosclerosis,
which could not be reproduced in the HC
deposition disease model.9 Furthermore,
treatment with cyclophosphamide and
bortezomib resulted in reduction of the
plasma cells and serum-free LC concen-
tration, ultimately decreasing the LC de-
posits in the kidney, albuminuria, kidney
injury, and death from kidney failure.

This transgenic mouse model represents
a major breakthrough and will no doubt
contribute to a better understanding of
MGRS-related diseases. This model was
able to reproduce the human pathology
in mice, and it showed prevention of
renal damage with treatment using cy-
clophosphamide and bortezomib, which
are often used to treat patients with LC
deposition disease. Most importantly, it
provided unambiguous evidence that
cancer, multiple myeloma in this case, is
not required for the development of
MGRS-related diseases. When the con-
cept of MGRS was introduced, the goal
was to gain access to cytotoxic therapies
to eradicate the clone that produces the
monoclonal protein to preserve kidney
function.2 However, since the clones re-
sponsible for MGRS are usually indolent,
it begs the question whether eradication
of these small indolent clones is neces-
sary if the monoclonal proteins can be
removed or inhibited from interacting
with the kidney.10 The ability to test this
question was made possible with the
model developed byBender et al.Models
like these are essential for developing new
alternative treatments that do not rely on
cytotoxic drugs. Ironically, that would
take us back to the doctrine that cytotoxic
therapy is reserved for cancer. Scientifi-
cally, that is actually a good thing, since
ideas and concepts are never meant to
be stagnant. They need to constantly be
challenged so they can be improved.
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Drivers of crizotinib resistance
in ALK1 ALCL
Guangzhen Hu and Andrew L. Feldman | Mayo Clinic

In this issue of Blood, Prokoph et al1 seek to identify mechanisms by which
ALK1 anaplastic large cell lymphoma (ALCL) cells develop resistance to the
ALK inhibitor crizotinib. Their findings implicate a novel and potentially tar-
getable interleukin-10 (IL-10) receptor-dependent autocrine loop that by-
passes ALK signaling.

ALK1 ALCL is the most common T-cell
non-Hodgkin lymphoma in children, the
biology of which is driven predominantly
by chromosomal rearrangements fusing
the ALK tyrosine kinase gene to various
partners, predominantly NPM1.2 The re-
sultant fusion protein, NPM-ALK, activates
numerous cellular processes, including
activation of the STAT3 transcription factor.
Pediatric clinical trials have honed frontline
combination chemotherapy regimens
for ALK1 ALCL, but toxicity and a per-
sistent subset of patients with poor out-
comes remain significant challenges.
NPM-ALK also can be targeted directly.
Crizotinib is an ALK/MET/ROS1 inhibitor
withdemonstratedclinical efficacy inpediatric
ALK1ALCL; however, crizotinib resistance
develops in some patients.3 In a subset of
these cases, resistance develops through
acquisition of ALK mutations, which can

be detected by sequencing and poten-
tially targeted by newer-generation ALK
inhibitors, such as alectinib, ceritinib,
brigatinib, and lorlatinib.4 However, non-
ALK signaling pathways, such as the IGF-
1R pathway, alsomay contribute to crizotinib
resistance.5 The role of these alternative
signaling pathways in crizotinib resistance
remains poorly understood.

To characterize mechanisms underlying
crizotinib resistance in ALK1 ALCL,
Prokoph et al performed a genome-wide
CRISPR activation screen in 3 ALK1 ALCL
cell lines and identified several candidate
genes, including STAT3, RORC, MYC,
IRF4, and IL10RA. The authors then eval-
uated these candidates by overexpressing
them individually and by using a CRISPR
knockout screen. The top gene candidate
was IL10RA, which was overexpressed in

blood® 1 OCTOBER 2020 | VOLUME 136, NUMBER 14 1573

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/136/14/1572/1759840/bloodbld2020007072c.pdf by guest on 19 M

ay 2023

https://doi.org/10.1182/blood.2020007072
http://www.bloodjournal.org/content/136/14/1657
http://www.bloodjournal.org/content/136/14/1657

