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C. DECOURT*, M. COGNE{ & A. ROCCA} *Laboratoire d’'Immunologie et d'Immundgétique, CNRS EP J0118, Facilte
de Malecine andInstitut Universitaire de France, Limoges, atdaboratoire d'Immunologie, CNRS URA 1172, IBMIG, Faculgs
Sciences, Poitiers, France

(Accepted for publication 8 July 1996)

SUMMARY

We report on the primary sequence of the monoclonal immunoglobulin light chainRE¥)involved

in myeloma-associated light chain deposition disease (LCDD). This sequence was deduced from that of
the corresponding complementary (c)DNA in bone marrow plasma cells. Products of three independent
amplifications by polymerase chain reaction (PCR) were sequenced and found to be identical. The
mMRNA encoding this N-glycosylated LC showed an overall normal structure consisting ef,a V
segment rearranged ta,J Direct N-terminal amino acid sequencing of the circulating monoclonal
IgA2,x showed identity with the bone marrow-derived sequence <Fbleain presented several unusual
features affecting both the leader sequence and the variable (V) region. Four unique amino acid
substitutions were found at positions -8, -3, -2 and -1 in the leader sequence and probably resulted in an
unusual cleavage by signal peptidase, thus making the LC truncated by one residue and accounting for
its unique hydrophobic N-terminus: lle-lle-Leu. Additional peculiarities were observed in the V region,
including a Thr74— Asn substitution creating a N-glycosylation site, and Thi5Be, which was only
reported once among humaill chains, in another LCDD case, and may be of special significance at a
position usually harbouring a polar amino acid.
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INTRODUCTION (REV), for whom biochemical study and direct N-terminal amino

Monoclonal immunoglobulin deposition diseases (MIDD) are acid sequence determination of the circulating mor_10c|ona| IgA2,
had previously shown that the monoclonatchain was N-

severe complications of plasma cell dyscrasias, characterized b& cosviated and began with a vervy unusual hvdrophobic N
deposition in various organs of amorphous monoclonal immunos ycosy 9 Y ydrop

globulin-related material, mostly light chain (LC), then termed LC ]Efrm'r;)ui (”ri-”rer-Lvsu%F[zll\?,]A; :Qeﬂ::e rrr)]relstent stuudyr; we ?(tertlermg}\eli
deposition disease (LCDD). Although this condition is as yet om bone marro omplete sequence of the ¢

poorly documented at the molecular level, various structuralcorreSpondmg to this LC and its leader peptide in order to investigate

features have been suggested to correlate with the tendency oftge origin of its unusu_al N-_termmus and N—glycos_yla_lt_lon site and to
look for other potential primary sequence peculiarities.

given LC to aggregate and precipitate{11]: N-glycosylation [6];
exchange of polar residues by hydrophobic ones [5,9]; replacement

of highly conserved residues supposedly involved in the main- PATIENT AND METHODS
tenance of the LC structure [6,8]. Only four complete primary _ .

sequences of LC involved in LCDD have been published to date%at'?.?t EI.EVL:Nas referreﬂ.:‘orthmyiloma. A monoclopaillgmvz;\]s d
two of the subgroup ¥y [6.8], one of the subgroup A [9], |hen ified in efserljmvlv ile the IIonehmarroyv asp;]lra ion showe
and one §CI) of the subgroup ¥y, [5]. A Vi LC (BLU) was the presence of 50% plasma cells. T e pat!ent t' en rgcelveq 24
N-glycosylated as a result of an Asp Asn substitution at courses of chemotherapy with drugs including vincristin, adria-

position +70 [6]. The othersSCL FRA ISE) did not have an N- mycin, melphalan, cyclophosphamide and prednisone, followed
glycosylation sit.e [5,8,9] ' with treatment by interferon-alpha (IFN}. Three years later, this

We report on another patient with myeloma-associated LCDDDat'er.]t was referred fo_r renal fallure. No type Bence \_]ones
protein was detectable in the urine. Study of a kidney biopsy by
Correspondence: Dr Michel Cognemmunologie et Immuno- light microscopy and immunofiuorescence showed nodular
géndique, CNRS EP J0118, Faculdle Madecine, F-87025 Limoges, glomerulosclerosis and monotypiechain deposits along tubular
France. and glomerular basement membranes and in arterial walls. The
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deposits were periodic-acid-Schiff-positive and Congo red- cx probe CA probe
negative. By immunofluorescence, the deposited material staine
with anti-< but not with antier, p, v or A conjugates. Electron
microscopy confirmed the presence of amorphous granular depo|
its along the outer part of the tubular basement membranes, ar
pathological examination was thus typical of myeloma-associate«
LCDD.

Total RNA was prepared by lysis of bone marrow cells i 4
guanidine isothiocyanate followed by centrifugation at 17000
for 18 h on a 57m caesium chloride pad. Total RNA was analysed
on a 1% agarose; Dm formaldehyde gel in comparison with RNA
from the human lymphoma cell linARC518 producing normal-
sizedx mMRNA and from the plasmacytoma cell lifrPMI8226
producing a normal-sized mRNA [12], transferred to nylon
sheets and hybridized with either ax Qrobe, a 5-kb EcoRI 1 2 3 1 2 3
genomic fragment containing the humas €xon, or a Q probe, a
3:5-kb EcoRI-Hind3 fragment containing the human2Cexon. Fig. 1. Northern blot analysis of bone marrow total RNA. RNA from patient
Poly(A) mRNA was prepared by affinity chromatography on REV bone marrow cells (lane 1) was hybridized with either a human C
oligo(dT)-cellulose (Pharmacia, Uppsala, Sweden) and was use[afobe and compared with the normamRNA f_rom thelARC518 cell line
as template for synthesizing single-stranded cDNA using reversé}tane 2) orahuman_!&tprobe and Cqmpared .W'th the nprm_amRNAfrom

. . . . the RPMI8226 cell line (lane 3). Sizes are indicated in kilobases.
transcriptase (RT) and an oligo(dT) primer (Boerhinger, Mann-
heim, Germany). Polymerase chain reaction (PCR) primers were: a
5 primer corresponding to a Af, leader region (ATGGA-
AACCCCAGCGCAGCTT) and 3primers complementary either cells; these variant mRNA also belonged to the,Vsubgroup, one
to the upstream (GCGGGAAGATGAAGACAGATGGTGCAG) of them REV25-3) was rearranged to the same2JXragment as
or to the downstream part of thekGexon (CTGGAACTGAG- REV25-2, whereas the other PCR fragmemREV33-9) was
GAGCAGGT). Amplification of the cDNA by PCR was performed truncated and its J region not sequenced (Fig. 3).
with Taq polymerase (Cetus, Emeryville, CA) through 35 cycles
consisting of: denaturation at 92 for 30 s, annealing at 68 for
30 s and elongation at 7@€ for 30 s [13]. After amplification, PCR
products were fractionated on0% agarose gels and cloned in The REV25-2 sequence corresponding to the circulating mono-
Smal cut M13 mp19 vector or in Smal cut pBluescript vector. clonal protein was made up of ax\| subgroup V exon [15]
Sequencing was performed by the dideoxy termination methodhormally rearranged to the<2 segment [16]. In another LCDD
[14] using T7 polymerase and an automated laser fluorescent DNA&ase, direct amino acid sequencing of the Bence-Jones protein also
sequencer (Pharmacia). identified a \k;;, subgroup LC (proteir§CI) [5]. When theREV
sequence was compared with knowm,)/ germ-line sequences
RESULTS [17], the best homology (94%) was found with the germ-line

gene L2. Itis worth noting the8CILC was also related to the same

Using bone marrow cell RNA in a case of myeloma-associatedamily of germ-line genes, familyllla, which is often expressed
LCDD, we studied mRNAs by Northern blotting and isolated in autoantibodies with rheumatoid factor activity [18,19]. Align-
cDNA clones through RT and PCR experiments. Northern blotament of the N-terminal amino acid sequence of proREV with
hybridized with a G probe yielded a very strong signal of a normal known protein sequences showed that it was shorter by one residue
size (Fig. 1), indicating that the bone marrow was infiltrated by athan all previously reported-chains and begun with the normal
high proportion of homogeneous producing cells. When the lle2 residue of the ¥, subgroup (according to Kabat's numbering
amount of non-malignant polyclonal B cells was estimated througH15]). Absence of Glul makes the chain begin with a stretch of

4d12kb

DISCUSSION

hybridization of the same Northern blot with a\Cprobe, \- three hydrophobic residues (lle-lle-Leu). However, the codon for
producing polyclonal B cells did not show up and there were noGlul was not deleted in the cDNA sequence; rather, amino acid
detectable) transcripts in the bone marrow. substitutions occurred in the leader region, which differed from

Products of five independant RT-PCR amplifications of eitherthe germ-line L2 sequence at four positions: Leu{-8)Val;
the Vk region or of the complete: cDNA were cloned and Thr(-3)— Met, Thr— (-2)Ser and Gly(-1}- Glu. It is thus tempt-
sequenced. Nucleotide sequences obtained from three RT-PCRg to hypothesize that the amino terminal deletion resulted from a
experiments were identical and the deduced amino aeidd92 variation in the cleavage site chosen by signal peptidase, whose
sequence fell in complete agreement with the 18 N-terminal aminapecificity relies on the sequence of residues -5 to -1 [20,21]. Since
acid sequence of the serum monoclonal IgA2-boxrahain (Fig.  positions -3 and -1 are known to play a crucial role in the
2): it was thus possible to assign the deduced amino acid sequenpeocessing by signal peptidase, substitutionsREBV at those
to the monoclonak-chain REV produced by the malignant bone positions could lead to a+ 1 shift in the recognition and cleavage
marrow plasma cells. In two other RT-PCR experiments, variansite.
sequences were found which differed from that of the monoclonal In addition to its abnormal N-terminus, tiREVLC presented
serum protein and which, given the high amount of malignant10 unusual residues in the V region, most of them located in the FR
plasma cells in the bone marrow, corresponded to minor subclonaggions. Among the two unusual amino acids located in the CDRs,
of the malignant cells rather than to mRNA from polyclonal B 1le53 corresponded to a substitution previously unique to thg V
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-20 -15 -10 -5
REV ATG GAA ACC CCA GCG CAG CTT CTC TTC CTC CTG CTA GTC TGG CTC CCA GAT
M E T P A Q@ L L F I L L ¥V W L P D
L2 - - A - - - - - = - - - L - = - -

-1 +1 +5 +10 +15
ATG TCT GAA GAA ATA ATA CTG ACG CAG TCT CCA GCC ACC CTG TCT GTG TCT CCA

M S E E I I L T Q S P A T L S v S p
T T G - - v M - - - - - - - - - - -
+20 +25 +30
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W Y o Q K P G Q A P R L L I Y G A

+55 +60 +65
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s I R A T G I s A R F s G S G S G T

—_ T - - - - - P - - _ - - - - - - _

+70 +75 +80 +85

GAG TTC ACT CTC AAC ATC ACC AGC CTG CAG TCT GGA GAT CTT GCA CTT TAT TTC
s L @ s @

- s - - - - E
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|
]
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=
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+90 +95 — Jgp ————- +100 =——————— e —
TGT CAG CAG TAT GGT GAC TGG CCT CCG TAC ACT TTT GGC CAG GGG ACC AAG CTG
c o] Q Y G D W P P Y T F G Q G T K L

GAG ATC AAA CGA ACT GTG GCT GCA CCA
E I K R T v A A P

Fig. 2. Sequence of thREV25-2 mRNA corresponding to the monoclonal sersrohain. The nucleotide sequence is indicated together with
the deduced amino acid sequence. N-terminal amino acids determined from the serum monoclonal immunegtbhidiare underlined.
Lower line indicates the sequence encoded by the germ-line L2xghdehes, dashes indicate identities, unusual residues are in bold.

LCDD protein SCI[5]. This residue is located in a region always as in the related deposition disease, AL-amyloidosis—{23:
harbouring polar amino acids, most often SerxihC. Further-  glycosylation by itself might play a direct role in tissue precipi-
more, residue 53 has been proposed to play a key role in th&tion through interactions of carbohydrates with components of
conformation of the antigen binding loop L2 [22]. The Setle the extracellular matrix [26,27].
substitution may thus impose a local structural alteration of the ~ Among the other substitutions REV, lle3 and Gly81, located
CDR2, which may relate to the tendency for LC deposits. in the FR1 and FR3 regions, had never been reported at these
Interestingly, another unusual substitution, Asp93, located inpositions in the W, subgroup. Ser59, Leu83, Leu85 and Phe87,
the CDRS, is also shared IREVandSCILCs and has only been all located in the FR3 region, have been rarely reported in human
previously described for three LC of thex)y, subgroup [15]. All  k-chain sequences. Some of these unusual substitutions (lle3,
other eight amino acid differences were in FR regions andThr31, Ser59, Leu83, Leu85) alter highly conserved residues
especially in the FR3, which harboured seven out of the 10 unusugiresumed to be important for LC conformation or monomers
residues in LCREYV, including Thr74— Asn that created the interaction [28].
potential N-glycosylation site: Asn-lle-Thr. That position 74, the  Another issue of the present case is the putative relationship
only potential site in the protein, was indeed N-glycosylated, washetween the occurrence of the deposition disease and the pursued
known from SDS-PAGE analysis with or without N-glycosidase F chemotherapy. The patient was first referred for myeloma without
treatment [10]. Another LCDD LCRLU), belonging to the ¥,y renal involvement but developed renal failure with LCDD 3 years
subgroup [6], was also featured by a N-glycosylation site in thelater. During those 3 years, the patient received several chemother-
FR3 region. In fact, N-glycosylation is common in LCDD cases apy cycles with drugs such as melphalan, potentially able to induce
and has been proposed to play a role in LC deposition [6,7] as welinutations in immunoglobulin genes [29]. It might thus be possible
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-20 -15 -10 -5 -1 +1 +5 +10 +18&
(l) METPAQLLFLLLVWLPDMSEEIILTQSPATLSVSTP
2y =~ === = F-=-=--- L---GTAG--V-=-=----~- v--L--
3y - = - - - - F-=---- L--=-=-VTG--V-—-====--=-----

+20 +25 27A +30 +35 +40 +45 +50

GERATLSCRASQ SVSTNLAWYQQKPGQAPRLLIYG
= =T === == - ==~ FI NNY-=-=-=---- L-=-=-=-=---- 3 D
- -V - - - - - - = --=-I-=--=-C- === -= === - = F -

+55 +60 +65 +70 +75 +80 +85

ASIRATGISARFSGSGSGTEFTLNITSLQSGDLALY
————— L--PD--R-G----D-I-T~-~S5SG~-~-EAE-38-V -
--T--=--- P------- L-R--=--=-=--=--=-=-=- == P -

+90 +95 Corm o e JR=mm o —— D e Cx

FCQQYGDWPPYTFGQGTKLEIKRTVAAP
¥--H--NS-Q---~-- - Y-- - ¥-------

Fig. 3. Comparison of protein sequences encoded by the predominant niENAR5-2 (1) in patientREV bone marrow and by the two variant mRNA
REV25-3 (2) andREV33-9 (3). N-terminal amino acids determined from the serum monoclonal immunoglobuglirain are underlined. Dashes indicate
identities.

that some unusual amino acids of LBEV resulted from 4 Picken MM, Frangione B, Barlogie Bt al. Light chain deposition
chemotherapy-induced gene mutations. Such a natural history of disease derived from thel light chain subgroup. Biochemical char-
the disease would be reminiscent of other previously reported acterization. Am J Pathol 198934749-54.

LCDD cases with onset after the initiation of chemotherapy by > Bellotti V, Stoppini M, Merlini G,et al. Amino acid sequence af Sci,
alkylating agents [2,3]. It would also fit with the evidence of the Bence Jones protein isolated from a patient with light

variant = mRNA sequences produced by tIREV malignant SZam deposition disease. Biochem Biophys Acta 19B097177—

plasma cells (Fig. 3), which is a likely indication that several g cogrem, Preud’homme JL, Bauwens bt al. Structure of monoclonal
variant subclones synthesizing immunoglobulin mRNA with . chain of the \&y subgroup in the kidney and plasma cells in light
divergent sequences have evolved from the initial malignant chain deposition disease. J Clin Invest 1987;2186-90.

cells. Finally, for the predominenREV25-2 mRNA sequence 7 CogrieM, Silvain C, Khamlichi AA et al. Structurally abnormal
corresponding to the serum monoclonal immunoglobulin, it is not  immunoglobulins in human immunoproliferative disorders. Blood
currently possible to ascertain whether some peculiar substitutions 1992;79:2181-95.

result from genetic polymorphism, antigen-driven somatic muta- 8 Khamlichi AA, Aucouturier P, Silvain @t al. Primary structure of a
tions, or chemotherapy induced mutations. Whatever the origin of monoclonalx chain in myeloma with light chain deposition disease.

. . . . Clin Exp Immunol 199287:122—6.
substitutions, a clear comprehension of the disease will probably9 ~ Rocca A, Khamlichi AA, Aucouturier Rt al Primary structure of a

a_walt_trl-dlmensmnal st_ructure analys!s of pathogenic proteins, variable region of the ) subgroup (ISE) in light chain deposition
§|te-d|rected m_utagene5|s of nephrotoxic sequences and ac_cumula- disease. Clin exp Immunol 199R:506-509.
tion of new primary sequence data about non-nephrotoxic LCS0 penoroy L, Deet S, Aucouturier P. Overrepresentation of thelV/
versusnephrotoxic LCs involved in LCDDs. subgroup in light chain deposition disease. Immunol Letters 1994;
42:63—-66.
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