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A novel disease _concept of monoclonal immunoglobulin-induced renal injury:
clinicopathologic picture and pathogenesis
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After ﬁurification of A -type M protein from urine of patients with
crystalline columnar nephropathy and identification of the N-terminal amino acid sequence, cDNA was
prepared from bone marrow blood and the full-length cDNA of this M protein was cloned. The A -type M

protein purified from urine was crystallized and analyzed by X-ray structure analysis. M-protein
was purified from the urine of a myeloma patient with a large amount of Kk -type M-protein in the
urine but mild renal impairment, the N-terminal amino acid sequence was identified, cDNA was
prepared from bone marrow blood, and the full-length cDNA of this M-protein was cloned. We also
purified A -type M protein from the urine of one patient with A -type LCDD and found it to have a
highly hydrophobic feature.
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Figure 1. Kidney biopsy findings. (a) In the functioning glomeruli, mild mesangial proliferation and epithelial cell swelling were seen on light
microscopy (periodic acid-Schiff staining, original magnification x400). (b) In the proximal tubular epithelial cells, vacuolization and protein
reabsorption granules were seen on light microscopy (periodic acid—Schiff staining, original magnification x400). (c) In the proximal tubular
epithelial cells, electron-dense deposits or crystals were not observed on electron microscopy (uranyl acetate and lead citrate staining, original
magnification x3000). Bar = 2 um. (d) In the distal tubular lumens, casts containing numerous rod-shaped or rhomboid crystals were seen.
These casts were fuschinophilic on Masson’s trichrome stain (original magnification x200). (e) Casts in the distal tubular lumens were
eosinophilic on hematoxylin and eosin staining (original magnification x200). (f} Substructural organization was not observed in crystals on
electron microscopy (uranyl acetate and lead citrate staining, original magnification x12,000). Bar = 2 pum. (g) Crystals in the distal tubular
lumens (DT) and reabsorption granules in the proximal tubular epithelial cells (PTs) were stained with an anti-A light chain antibody (original
magnification x200). (h) Crystals in the DT and reabsorption granules in the PT were not stained with an anti-k light chain antibody (original
magnification x200). (i) An anti-THP antibody stained epithelial cells in the Henle's loops (HL) but not crystals in the DT (original
magnification x400).



BJP-A AK YVLTQPPSVSVAPGKTARIACEGNNIGSKSVHWYQQKPG 39

IGLV3S2 SYVLTQPPSVSVAPGKTARITCGGNNIGSEKSVHWYQOQKTPG 40

v2-14 SYVLTQPPSVSVAPGQTARITCGGNNIGSEKSVHWYQQKTPG 40

Humlv318 SYVLTQPPSVSVAPGKTARITCGGNNIGSEKSVHWYQOQKTPG 40
CDR2

BJP-A AK QAPVLVVYDDSDRPSGIPDRFSGSNSGNTAALTISRVEAG 79

IGLV3S2 QAPVLVIYYDSDRPSGIPERFSGSNSGNTATLTISRVEA AG 80

V2-14 QAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTTISRVEA AG 80

Humlv318 QAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVE- AG 80
CDR3 Vi-Jr junction

BJP-A AK DEADYFCQVWDSNSNHQVFGGGTKVTVL 107

IGLV3Ss2 DEADYYCQVWDSSSDH 96

v2-14 DEADYYCQVWDSSSDH 96

Humlv318 DEADYYCQVWDSSSDH 96

JA3 VVFGGGTKLTVL

Figure 2. Primary structure of the variable (V,) and joining (J,) regions in BJP-A AK aligned with highly homologous germline gene V, segments
of IGLV subgroup 3 (A)° (IGLV3S2,°"" V2-14,°"? and Humlv318°") and J, segment of IGLJ3 (JA3>*'%), using the Clustal Omega program.5™
Mutated residues in IGLV subgroup 3 (A)° are indicated in bold and underlined when possibly indicating a significant physicochemical
change. Different residues among IGLV subgroup 3 (A)° are also indicated in bold. CDR, complementarity-determining region.
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Figure 3. Crystal structure of Bence—Jones protein A (BJP-A AK). (a) The overall structure of a BJP-A AK homodimer (Protein Data Bank code:
6L98). The 2 light chain molecules are colored in yellow (molecule A) and blue (molecule B). The B-strands that form the domains are marked
with capital letters. Detailed views of the homodimer interface of (b) the V_ domain and (c) the C, domain stabilized by hydrogen bonds.
Hydrogen bonds are shown as black dashed lines. C,, light chain constant domain; V|, light chain variable domain.
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