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Abstract:

A 70-year-old woman with complaints of edema, general malaise, and hypotension was diagnosed with re-
nal amyloidosis, and laser microdissection mass spectrometry revealed her amyloidosis to predominantly
comprise the apolipoprotein A-IV type. The M-protein turned from negative to positive during the course,
and a bone marrow biopsy showed smoldering myeloma. Treatment with bortezomib and dexamethasone
failed to save her from heart failure six months after the onset. Western blotting of urine samples at the time
of the renal biopsy showed that amyloid light-chain x amyloidosis had been present since the onset. Unlike
the myeloma, Congo red staining was positive in the plasma cells of the bone marrow.
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Introduction

Amyloid light-chain (AL) amyloidosis is classified into
primary amyloidosis and amyloidosis secondary to multiple
myeloma. Primary AL amyloidosis has a poor prognosis,
and patients often die of heart failure within one to two
years of the diagnosis (1). In contrast, for cases of multiple
myeloma, the 5-year survival rate has improved to around
60% due to advances in autologous peripheral blood stem
cell transplantation, proteasome inhibitors, high-dose dex-
amethasone therapy, and thalidomide (2, 3). Patients with
primary AL amyloidosis are now often being treated with
drugs used for myeloma, but the prognosis has not markedly
improved (1, 4).

Primary AL amyloidosis and secondary AL amyloidosis
associated with myeloma are considered to be similar enti-
ties associated with plasma cell dyscrasia, but their clinical
prognosis appears to be different. Immunoelectrophoresis
and immunofixation electrophoresis methods used for the di-

agnosis of myeloma are insensitive compared to free light
chain and Western blotting (5), and M protein and Bence
Jones protein (BJP) cannot be detected at an early stage.
However, immunostaining methods failed to diagnose the
typing of amyloidosis in 7.3% of AL amyloidosis and 21%
of AA amyloidosis in an analysis of 474 cases of renal amy-
loidosis (6), and laser microdissection mass spectrometry
(LMD-MS) has been shown to be a powerful tool for typing
amyloid transthyretin, leukocyte
chemotaxin-2, fibrinogen-o. chain, apolipoprotein (Apo)A-1/
A-II/A-IV, and gelsolin (6-8).

We herein report a case of renal amyloidosis that was
negative for light chain by immunofluorescence and sus-
pected of ApoA-IV amyloidosis by LMD-MS, but developed
smoldering myeloma. Chemotherapy was ineffective in this
patient, and she ultimately died of heart failure six months
later. The rapid progression of heart failure seems to indicate
AL amyloidosis rather than myeloma, and a Western blot-
ting analysis of urine revealed that AL k amyloidosis had
existed from the onset, and plasma cells in the bone marrow
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Figure 1.

Vi

Renal biopsy findings. A: PAS staining showing weakly PAS-positive deposits in afferent

arterioles and mesangium. B: PAM staining showing PAM-negative deposits in mesangium. C: Con-

go red staining showing polarized amyloid deposits in the interlobular arteries, afferent arterioles,

and mesangium. D: Electron microscopy revealed amyloid fibrils with an average diameter of 11.7
nm in mesangial deposits. The bar indicates 100pum (A), SOum (B, C) and 0.2pm (D).

were positive for Cong red staining, suggesting amyloid pro-
duction.

We also discuss the effectiveness and limitations of LMD-
MS in the typing of amyloidosis.

Case Report

A 70-year-old woman visited our hospital in May with a
2-week history of edema, diarrhea, general malaise, cough,
and shortness of breath. A review of her family history re-
vealed no renal diseases.

Her physical findings showed hypotensive blood pressure
96/64 mmHg, pulse rate 89/min, no heart murmur, and no
abnormalities other than edema of her lower legs. Due to di-
arrhea and general malaise, she weighed 55.6 kg, which was
less than the usual 57 kg. She had nephrotic syndrome with
serum total protein (TP) 5.3 g/dL, serum albumin (Alb) 2.7
g/dL and urinary protein 3.73 g/g creatinine (Cr) with a se-
lectivity index (SI) of 0.06, and her renal function was nor-
mal, with a serum Cr of 0.50 mg/dL and an estimated
glomerular filtration rate (¢GFR) of 90 mL/min/1.73 m’. She
had no obvious immunoglobulin abnormalities (IgG 748 mg/
dL, IgA 134 mg/dL, IgM 28 mg/dL, IgE 4.4 mg/dL), hyper-
calcemia, anemia, serum M protein, urinary Bence Jones
protein, or urinary casts found in myeloma. Her chest X-ray
showed a slight pleural effusion with a cardiothoracic ratio
(CTR) of 50.5%. She had a high brain natriuretic peptide
(BNP) level of 421.5 pg/mL and a low voltage on an elec-

trocardiogram; however, an ultrasound cardiogram showed a
normal ejection fraction of 63% and a normal wall motion
of the left ventricle, with an inter-ventricular septum thick-
ness of 10 mm, posterior wall thickness of 9 mm, and no
sparkling glittering.

A renal biopsy was performed in June, and perodic acid-
schiff (PAS)-weakly-positive and periodic acid-methenamin
silver (PAM)-negative substances were found to have been
deposited in the mesangium and vascular wall of the inter-
lobular arteries and afferent arterioles (Fig. 1A, B). Congo
red and Direct Fast Scarlet staining were positive in the vas-
cular wall and mesangium, showing polarization (Fig. 1C),
and electron microscopy revealed fibrils with an average di-
ameter of 11.7 nm in the deposit (Fig. 1D); these findings
resulted in a diagnosis of renal amyloidosis. The type of
amyloid was not identified by immunofluorescence for im-
munoglobulin, ¥, and A light chain nor by immunostaining
for amyloid A or amyloid B. No transthyretin gene mutation
was observed. Therefore, LMD-MS was performed to diag-
nose the amyloidosis typing.

LMD-MS revealed that Apo A-IV increased most in both
the vascular wall and glomerulus compared to the control,
and ApoA-IV renal amyloidosis was diagnosed (Fig. 2). A
reduced amount of k light chain was also detected at the
same time. Following this diagnosis, her edema worsened
with an increased urinary protein level of 8.3 g/gCr and an
SI <0.1, so treatment with 40 mg prednisolone was started.
The urinary protein level decreased to 3.2 g/gCr, but it in-
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Figure 2. Laser microdissection mass spectrometry. The top 10 proteins analyzed by mass spec-
trometry of the tissue excised by laser microdissection from the vascular wall and glomerular mesan-

gial region.

creased again after tapering the steroid dose.

As M protein became positive in urine for the first time
with an increased free light chain (FLC)-kappa/lambda level
(524/9.4 mg/L) and difference in FLC (dFLC) of 515 mg/L,
a bone marrow biopsy was performed in September, reveal-
ing smoldering myeloma with a plasma cell rate of 15%
(Fig. 3). However, there were no CRAB symptoms includ-
ing hyperkalemia, renal dysfunction, anemia, or bone lesions
associated with myeloma. In addition, there were no chro-
mosomal translocations such as t(4;14), t(11;14) and t(14;
16), or NRAS and KRAS activated gene abnormalities, or
TP53 gene mutations as seen in myeloma. A gastro-
esophageal biopsy also found amyloids, and cardiac amyloi-
dosis was diagnosed based on the increased BNP level of
4,082 pg/mL and the granular sparkling echocardiograph
findings with a decreased cardiac ejection fraction (EF 53%)
and wall thickening at 13 mm. M protein damaged multiple
organs as monoclonal gammopathy of renal significance
(MGRS), so bortezomib and dexamethasone (BD) therapy
was applied with a slight reduction in the kappa/lambda
light chain level (363/10.6 mg/L) and dFLC of 352 mg/L.
After 1 month of BD therapy, the patient was unable to get
out of bed due to general malaise and orthostatic hypoten-
sion, and her systolic blood pressure was about 80 mmHg
with midodrine hydrochloride. However, her blood pressure
suddenly dropped, and unfortunately, she died with heart
failure with high BNP levels (2,453 pg/mL) in December.
The progression was very rapid, with death occurring ap-
proximately six months after the discovery of the disease, as
is typical of primary AL amyloidosis (Fig. 4).

The detection sensitivity of M protein is >100 mg/dL by
immunoelectrophoresis, and >5 mg/dL by immunofixation
electrophoresis. Therefore, urine that had been preserved at

the time of the renal biopsy was re-examined by Western
blotting, which is the most sensitive approach, and the
light chain was found to have been predominantly excreted
in the urine at the time of the renal biopsy in June
(Fig. 5A). Furthermore, when the epoxy resin section of the
renal biopsy was stained by the enzyme immunostaining
method with 0.25% trypsin treatment, the K chain was pre-
dominantly stained (Fig. 5B, C). Thus, a re-evaluation of the
renal biopsy findings resulted in a diagnosis of AL K amy-
loidosis at the onset.

Interestingly, Congo red staining was strongly positive in
the cytoplasm of the plasma cells in the bone marrow of this
patient (Fig. 3E), and an electron micrograph of these cells
showed fibrils (Fig. 3E insert). In contrast, Congo red stain-
ing of a sample from a 68-year-old patient with myeloma
without amyloid was negative (Fig. 3F). Our findings sug-
gested that amyloid fibrils were produced in the plasma cy-
toplasm of primary AL amyloidosis, but the plasma cells of
myeloma did not produce any amyloid fibril in the cyto-
plasm.

Discussion

In the present case of renal amyloidosis, the type of amy-
loid could not be diagnosed by immunofluorescence, and
LMD-MS suggested the patient to have ApoA-IV renal amy-
loidosis. However, M protein and BJP turned from negative
to positive during the clinical course, and a bone marrow bi-
opsy resulted in a diagnosis of smoldering myeloma. BD
therapy was ineffective and the patient ultimately died of
heart failure after a rapid course of six months.
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Figure 3. Findings of a bone marrow biopsy. A: ASD-Giemsa staining, B: CD138 immunostaining,
C: k-light chain, D: A-light chain, E: Congo red staining in the present case and electron micrograph
of plasma cell showing fibrils (insert) F: Congo red staining in a case of BJP-A myeloma without amy-
loidosis. The bars indicate 100 pum (A-D), 25 um (E, F) and 500 nm (insert).
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Figure 4. Clinical course and changes in the values for BNP, serum creatinine, urinary protein,
ejection fraction (EF), and inter-ventricular septum (IVS) and posterior wall (PW) thickness by an
ultrasound cardiogram.
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Figure 5. Results of a Western blotting analysis of k and A light chain in urine at a renal biopsy (A)
and immunohistochemistry of k (B) and A (C) light chain using epoxy resin-embedded renal biopsy

samples.

Issue with amyloidosis typing by mass spectrometry
of a renal biopsy sample

For amyloid typing, immunostaining has a sensitivity of
84.6% and a specificity of 92.4%, and there is a 15%
chance that AL amyloidosis cannot be diagnosed (9). In
contrast, mass spectrometry has almost 100% sensitivity and
specificity provided the existing proteins can be ion-
ized (7, 10). However, the limitation of the LMD-MS
method is how laser microdissection is limited to specific
tissue regions, as it is impossible to remove proteins from
surrounding cells and matrices other than amyloid fibrils. In
the present case, 146 proteins were identified in the blood
vessel wall and 369 proteins were identified in the glomeru-
lus. The top five most abundantly expressed proteins were
ApoA-1V, Apo-E, kappa light chain, complement C3, and
amyloid P, so it is difficult to determine which was the main
component of amyloid fibrils. The amyloid obtained from
the formalin-fixed paraffin-embedded section is sticky (11).
In the present case, complement C3 was a serum-derived de-
posit that attached to amyloid fibrils. In addition, extracellu-
lar matrix tenascin and the adhesion molecule vitronectin,
which easily attaches itself to amyloid, were detected by
LMD-MS. In contrast, ApoA-IV and Apo-E are considered
to be amyloidogenic proteins as well as the kappa light
chain.

ApoA-IV renal amyloidosis was first reported by Sethi et
al (12), and 11 cases have been summarized since then.
Amyloid deposits are predominantly found in the renal me-
dulla and have few glomerular lesions, resulting in low uri-
nary protein levels, and in most cases, a slow reduction in
the renal function (13). The present case showed nephrotic
syndrome, a rapid decline in the renal function and a short
prognosis of six months, findings that are inconsistent with
ApoA-IV renal amyloidosis. In ApoA-IV renal amyloidosis,
ApoE, serum amyloid P, and leukocyte cell-derived
chemotaxin-2 (LECT2) have been identified along with
ApoA-IV (13). In cerebral amyloidosis, the apoproteins
ApoC-III, ApoA-I, ApoE4, and ApoB bind to AP in blood,
preserve and strengthen non-polar spiral structures, and are

involved in AP fibril formation (14). Serum amyloid A
(SAA) of reactive amyloidosis is also a lipid surface-binding
protein containing amphipathic o-helices such as apolipo-
protein, where the N-terminal fragment of SAA increased by
inflammation replaces apoA-I in high-density lipoprotein
(HDL) to deposit type A amyloid (15). Therefore, APO ab-
normalities promote amyloid fibril formation in brain amy-
loid and reactive amyloid, but whether or not APO o-helices
are converted to amyloid cross B-sheet is not yet well under-
stood (16).

There may be two different types of amyloid fibers in the
same organ. Indeed, 2 of the 11 cases of ApoA-IV renal
amyloidosis also had AL amyloidosis (13). In addition, there
have been reports of cases in which ApoA-IV and
transthyretin amyloid had two types of amyloid, although
the organs and localization did not match (17).

Myeloma-like lesions of AL amyloidosis

Conventionally, AL amyloidosis has been considered to
be classified as either primary amyloidosis or amyloidosis
associated with myeloma. Amyloidogenic mutations are
found in the monoclonal immunoglobulin light chain pro-
teins produced by approximately 15% of plasma cells in
myeloma, where amyloid fibrils are composed of the extra-
cellular B-sheet structure of light chain proteins (18). Re-
cently, the 5-year survival rate for myeloma has im-
proved (2, 3), but the prognosis of primary AL amyloidosis
remains poor, even with the use of treatments for
myeloma (1, 4). The present case was unlikely to have had
myeloma, as there were no CRAB symptoms, chromosomal
abnormalities, or genetic mutation seen in myeloma, and
also because the changes in the left ventricle wall thickening
and BNP elevation were too rapid for the transition from
smoldering myeloma to amyloidosis.

A Western blot analysis and immunohistochemistry using
epoxy resin specimens revealed that AL x amyloidosis had
occurred from the time of the onset. ApoA-IV may block
the antigenicity of AL amyloid fibrils. Immunostaining of
the epoxy resin section activated the antigenicity after treat-
ing with potassium hydroxide-saturated ethanol to remove
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the resin and then adding 3% trypsin in order to digest lipo-
proteins that cover the antigen. Furthermore, in the present
case, AL amyloidosis plasma cells were found to be Congo
red-positive, thus suggesting the production of amyloid fibril
in AL amyloidosis plasma cells. In contrast, myeloma
plasma cells were negative for Congo red staining. Given
these findings, the characteristics of plasma cells in bone
marrow may differ between primary AL amyloidosis and
myeloma. Further research is needed to clarify the difference
between AL amyloidosis plasma cells and myeloma plasma
cells.

Conclusion

We experienced a patient with AL amyloidosis that was
first diagnosed with ApoA-IV renal amyloidosis by LMD-
MS but who developed smoldering myeloma and ultimately
died of heart failure. Western blotting of urinary protein
showed AL amyloidosis predominantly in the x light chain
from the time of the renal biopsy, and it was speculated that
the Congo red-positive bone marrow plasma cells had pro-
duced amyloid fibers.
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