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Abstract
Light chain amyloidosis (AL) is a plasma cell dyscrasia associated with production of
amyloidogenic immunoglobulin light chains (LC). Despite its often fatal course, the mechanism of
injury remains unknown. We tested the hypothesis that AL is associated with oxidative stress by
comparing serum protein carbonyl (a marker of protein oxidation and oxidative stress) in AL
subjects (n=23, 60±11 years) vs. controls (n=9, 54± 2 years); we also measured superoxide
production (n=11) and dilator response to sodium nitroprusside (SNP, n=6) in isolated non-AL
human adipose arterioles exposed to LC (20 μg/mL) purified from AL subjects for 1 h vs. control.
Protein carbonyl was higher in AL patients (0.19±0.04 vs. 0.003±0.003 nmol/mg control,
p=0.002). Post-exposure to LC proteins, arteriole superoxide was higher (1.89±0.36 times control,
p=0.03) with impaired dilation to SNP (10−4 M, 54±6 vs. 86±4%, p=0.01, logEC50 −3.7±0.2 vs.
−6.7±0.6, p=0.002). AL is associated with systemic oxidative stress and brief acute exposure to
AL light chain proteins induces oxidative stress and microvascular dysfunction in human adipose
arterioles. This novel mechanism of injury may be important in AL pathophysiology.
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The mechanism underlying multiorgan dysfunction from light chain amyloidosis (AL) is
unknown but exposure of rodent tissue to light chain proteins (LC) purified from AL
patients results in oxidative stress [1,2]. We tested the hypothesis that AL is associated with
systemic protein oxidation and that acute exposure to LC induces human arteriolar oxidative
stress and microvascular dysfunction. First, we compared serum protein carbonyl (marker of
protein oxidation/oxidative stress [3]) in 23 AL patients (all biopsy-proven AL, 60±11 years,
10 males) to those of 9 healthy subjects (54±2 years, 5 males) by dinitrophenylhydrazine
ELISA (Biocell Corp., Papatoetoe, NZ) and found higher levels in AL (Fig. 1A). From 3 AL
patients, we isolated and purified urine LC using dialysis, size-specific filtration (Amikon
spin columns 50/30/5KD) and lyophilization. They were verified as kappa LC by Western
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blotting (anti-human kappa LC, Sigma, St. Louis MO). Arterioles from non-AL human
adipose tissue without diabetes/known vascular disease (52±4 years) discarded during
routine thoracoabdominal surgery were isolated and exposed to 20 μg/mL of LC (usual
serum concentration in AL) or vehicle for 1 h (n=11) and superoxide production was
measured following addition of 5 μM dihydroethidium (Molecular Probes, Eugene OR) by
peak fluorescence microscopy (excitation 488/emission 620 nM). Superoxide was increased
in LC treated arterioles (1.89±0.36 times control, p=0.03, Fig. 1B–C). An additional six
human adipose arterioles were cannulated and pressurized to 60 mm Hg (~physiologic
pressure in 100 μM arteriole) as previously described [4] and vessel diameter was measured
using videomicrometer (Boeckeler VIA-100). Each arteriole was constricted ~40% with
endothelin-1 (10−9–10−8 M). Baseline (vehicle) control dilation was measured following
exposure to sodium nitroprusside (SNP, 10−10–10−4 M, endothelium-independent dilation).
The chamber was then washed with fresh buffer and the arteriole was exposed
intraluminally to 20 μg/mL LC (1 h) and after constriction with the same dose of
endothelin-1, a second dilator response to SNP was measured. Dilation was impaired
following exposure to LC (SNP dose logEC50 −3.7±0.2 vs. −6.7±0.6, p=0.002, Fig. 1D).
Subjects who provided blood/urine samples gave informed consent while discarded/
deidentified adipose tissues were obtained with waived consent with approval by the local
Institutional Review Board.

We report three novel findings. One, there is evidence of increased systemic oxidative stress
in AL compared to healthy subjects with increased circulating oxidized proteins. Second,
acute brief exposure of human microvessels to LC increases formation of reactive oxygen
species (ROS). Third, brief presence of LC impairs vascular smooth muscle relaxation to a
nitric oxide donor. Our results suggest that circulating LC may play a role in disease
pathogenesis.

Our human study is consistent with findings of acute LC toxicity in animal tissue. Rat
cardiomyocytes exposed to LC develop impaired contractility with abnormal intracellular
calcium handling and increased ROS production [1]. Mouse hearts similarly develop
impaired relaxation [2]. Clinical observations support the notion that circulating LC may be
tissue-toxic. Concomitant with chemotherapy-induced decline in circulating LC, clinico-
biochemical markers of tissue dysfunction improved significantly [5,6] despite persistent/
increased amyloid deposits on biopsy [7]. Oxidative stress as a mechanism of injury is also
supported by findings in colon biopsies in AL showing that LC deposits in the perivascular
wall/stroma were associated with oxidized proteins and toxic lipid peroxidation products [8].
This is the first report that AL LC causes microvascular oxidative stress and vasomotor
impairment. These findings warrant further mechanistic investigations on the pathobiology
of this often fatal disease and may suggest a novel therapeutic approach targeted at
improving vascular function.
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Fig. 1.
A. Serum protein carbonyl was higher in AL amyloid subjects compared to healthy controls.
B. Isolated adipose arterioles exposed to AL light chains (LC) show significantly higher
superoxide production than vehicle controls. C. Representative arterioles exposed to LC and
vehicle showing increased fluorescence and superoxide with LC treatment. D. There is
reduced dilation to sodium nitroprusside (SNP) in isolated adipose arterioles exposed to LC.
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