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Abstract
We have recently described a new form of light chain deposition disease (LCDD) presenting as a severe cystic lung disorder requiring
lung transplantation. There was no bone marrow plasma cell proliferation. Because of the absence of disease recurrence after bilateral
lung transplantation and of serum free light chain ratio normalization after the procedure, we hypothesized that monoclonal light chain
synthesis occurred within the lung. The aim of this study was to look for the monoclonal B-cell component in three patients with cystic
lung LCDD. Histological examination of the explanted lungs showed diffuse non-amyloid light chain deposits associated with a mild
lymphoid infiltrate composed of aggregates of small CD20+, CD5, CD10 B lymphocytes reminiscent of bronchus-associated lymphoid
tissue. Using PCR, we identified a dominant B-cell clone in the lung in the three studied patients. The clonal expansion of each patient
shared a unmutated antigen receptor variable region sequence characterized by the use of IGHV4-34 and IGKV1 subgroups with heavy
and light chain CDR3 sequences of more than 80% amino acid identity, a feature evocative of an antigen-driven process. Combined with
clinical and biological data, our results strongly argue for a new antigen-driven primary pulmonary lymphoproliferative disorder.
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genetics ; Female ; Genes ; Immunoglobulin Heavy Chain ; Genes ; Immunoglobulin Light Chain ; Humans ; Immunoglobulin Heavy Chains ; genetics ; metabolism ;
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Diseases ; genetics ; immunology ; pathology ; surgery ; Lung Transplantation ; Molecular Sequence Data ; Paraproteinemias ; genetics ; immunology ; pathology ; surgery

INTRODUCTION
Monoclonal immunoglobulin (IG) synthesis characterizes monoclonal gammopathies that result from a clonal proliferation of B
lymphocytes. The monoclonal component may be directly pathogenic particularly through its high serum concentration, its abnormal structure
or its antibody activity leading to several manifestations or affections including tissular deposits most often composed of immunoglobulin light
chain subunits. Light chain deposition is responsible for light-chain amyloidosis and light chain deposition disease (LCDD), the term LCDD
being restricted to the non-amyloid form of these deposits. LCDD, described by Randall in 1976 1 , is a systemic multivisceral disorder with a
constant renal involvement 2–7. Apart from the kidneys, the heart and liver are the most frequently concerned organs 2–7. Lung involvement is
asymptomatic and usually diagnosed at the time of autopsy by systematic immunofluorescence (IF) study. In 1987, non-amyloid nodular light
chain deposits restricted to the lung have been described and recognized as an new LCDD clinicopathological entity 8–13. The nodules were
usually an incidental radiological finding. They may be single or multiple and ranged in size from 0.7 to 4 cm. In 2006, we have reported in
three patients a new clinicopathological presentation named cystic lung LCDD 14. The patients had dyspnea and numerous cysts distributed in
both lungs on the CT scan. Unlike systemic LCDD, they progressively developed end-stage respiratory failure requiring lung transplantation.
Lung transplantation was bilateral in all cases. Moreover, none of the patients had renal disturbances and the origin of light chain production
was not found by bone marrow biopsy and aspiration. Histological examination of the lung explant specimens showed diffuse parenchymal
non-amyloid monoclonal κ light chain deposits associated with numerous cysts and a mild lymphoplasmacytic infiltrate. Despite the lack of
morphological criteria for a pulmonary B cell neoplasm, the normalization of serum free light chains κ/λ ratio after bilateral lung transplantation
and the absence of recurrence of the disease several years after the procedure lead us to speculate that B-cell clonal expansion was localized
within the lung. Therefore, we design the present study in order to look for the monoclonal B-cell component.
Using PCR, we identified a dominant B-cell clone in the lung of the three studied patients without peripheral blood involvement.
Furthermore, we showed that each patient’s specific clonal expansion shared an unmutated IGHV4-34/IGKV1 receptor. Combined with clinical
and biological observations, our data strongly suggest that cystic lung LCDD is a new antigen-driven primary pulmonary lymphoproliferative
disorder.

PATIENTS AND METHODS

Patients (see Table 1)
Among the 572 patients who underwent lung transplantation at Beaujon (Clichy) and Foch (Suresnes) Hospitals, France, 36 had a
pulmonary cystic disorder. Of them, three fulfilled the diagnostic criteria of cystic lung LCDD 14. The diagnosis of LCDD was made before
lung transplantation in only one patient (patient 2) on a surgical lung biopsy. For the two other patients, it was established on the explanted
lungs.
Diagnosis of LCDD
Histological examination of lung specimens showed similar lesions that has been previously described 14. Briefly, the main finding was
the presence of non-amyloid amorphous eosinophilic deposits composed of monotypic κ light chains widely infiltrating alveolar walls, small
airways and vessels. Congo red did not show apple-green birefringence under polarized light and electron microscopy revealed granular
electron-dense deposits, thus excluding amyloidosis. The k light chain nature of the deposits was determined by immunofluorescence study on
frozen tissue sections. λ, IgG, IgA and IgM were not detected. The deposits were surrounded by macrophagic giant cells and were associated
with cystic lung destruction characterized by emphysematous-like changes and marked bronchiolar dilatation. Only small preserved lung areas
were found. A mild lymphoplasmacytic infiltrate was present in the lung parenchyma and is further characterized in the present study.
Clinical presentation
Clinical characteristics of the patients are given in Table 1. Two of them (patients 1 and 2) have already been reported 14. Briefly, the
patients presented with a progressive obstructive dyspnea and numerous cysts diffusely distributed in both lungs on the CT scan. In one of
them, small bilateral hilar lymphadenopathies appeared during the follow-up (patient 1). End-stage respiratory failure reached over a period
from 3 to 10 years required lung transplantation which was bilateral in all cases. Before lung transplantation, one patient (patient 2) underwent
high dose chemotherapy followed by autologous blood stem cell transplantation as proposed in severe systemic LCDD. However the disease
persisted with worsening of dyspnea and dramatic increase in the number of cysts.
Hematological characteristics (Table 1)
In the serum, only a free monoclonal κ light chain was detected in one patient (patient 1). Bone marrow biopsy and bone marrow aspiration
did not show increase in the number of plasma cells or lymphocytes. Moreover, plasma cells did not show cytological abnormalities and the κ/λ
ratio was preserved.
Systemic extension of the disease (Table 1)
Investigations for systemic extension of the disease especially including renal, liver and heart investigations, only revealed monotypic κ
light chain deposits in the salivary glands of patients 2 and 3.
Outcome
The free κ light chain present before lung transplantation in patient 1 was no more identified 3 months after the procedure. The three
patients are still alive without recurrence of the disease 47 months (range: 33 to 69 months) after lung transplantation.
Histological and immunohistochemical evaluation of the lymphoplasmacytic infiltrate
Explanted Lung tissue was taken from the upper, middle and lower lobes. Hilar and lobar lymph nodes were also sampled at time of
transplantation. At least 20 paraffin-embedded tissue blocks were available for each case as well as 3 lung frozen samples. Immunophenotyping
of the lymphoid population was performed on paraffin-embedded contiguous sections on Ventana Benchmark automated immunostainer with
commercial primary antibodies directed against CD20 (Dako, Denmark, clone L26, 1/500), CDS (Novocastra, UK, clone 4C7, 1/40), CD10
(Novocastra, UK, clone 56C6, 1/10), CD138 (Dako, Denmark, clone MI15, 1/200), Bcl2 (Dako, Denmark, clone 124, 1/10), IgD (Dako,
Denmark, polyclonal A0093. 1/50), CD23 (Novocastra, UK, clone 1B12, 1/40) and Ki-67 (Dako, Denmark, clone MIB-1, 1/150). IF on
deparaffined sections was performed to identify κ or λ, light chains (Dako, Denmark, polyclonal, 1/50) within the cytoplasm of plasma cells.
DNA extraction and clonality analysis
DNA was obtained by a standard proteinase K digestion and a phenol-chloroform extraction of lung explant specimens, regional lymph
nodes and post-lung transplant peripheral blood samples after isolation of mononuclear cells on Ficoll gradient. When extracted from tissue
samples, DNA was submitted to a quality control: DNA was amplified using a multiplex PCR generating 100/200/300/400 and 600 base pairs
PCR fragments as reported 15. The DNA quality was scored as good when 4 or 5 bands were obtained, correct when 3 bands were obtained
and insufficient for full clonality analysis when less than 3 bands were obtained. For immunoglobulin heavy chain gene rearrangement study,
the two PCR FR1 and FR2 were performed according to BIOMED-2 protocol16. The third PCR, FR3, was done as previously described 17.
Owing to the expected size range of FR1-JH (310–360 base pairs). FR2-JH (250–295 base pairs) and FR3-JH (75–140 base pairs) PCR
products, the interpretation of PCR results was, as expected, directly related to the maximum size amplified by the sample in the control gene
PCR. For heavy chain CDR3 length diversity analysis, the amplified products were run on an ABI prism 3100 genetic Analyzer (Applied
Biosystems). Results were analyzed using Genscan analysis software (Applied Biosystems). Samples with a unique dominant peak within the
polyclonal background were considered as clonal and the clonal population was characterized by its heavy chain CDR3 size. The B-cell
repertoire pattern in pulmonary tissue sample was compared with that in blood sample and in hilar lymph node tissue sample when available. In
a patient, two dominant B-cell populations were considered identical when they displayed the same heavy chain CDR3 size. For kappa light
chain gene rearrangement analysis, BIOMED-2 protocol was used, and PCR products were electrophoresed in an 8 % polyacrylamide gel after
heteroduplex formation.15

As recommended by the French governmental Agence Nationale d’Accréditation et d’Evaluation en Santé (ANAES) in its “
Recommendations for cryopreserved cell and tissue libraries for molecular analyses” patients were informed that part of the specimens could be
used
for
molecular
analysis
provided
that
all
routine
examinations
have
been
performed
(
http://www.anaes.fr/ANAES/SiteWeb.nsf/wRubriquesID/APEH-3ZMHJP).
Sequence analysis
For nucleotide sequence analysis, PCR products were directly sequenced (for Heavy chain genes sequencing) or strong dominant PCR
products were extracted from 6% polyacrylamide gel by elution (for Light chain genes sequencing). Big Dye Terminator cycle sequencing
reaction kit (Applied Biosystems) was used prior to electrophoresis on an automated sequencer (ABI PRISM 3130XL, Applied Biosystems).
The sequences were aligned to Immunoglobulin sequences using IMGT/V-QUEST 18 and IMGT/JunctionAnalysis 19, from IMGT®, the
international ImMunoGeneTics information system® (http://imgt.cines.fr; founder and director Marie-Paule Lefranc, Montpellier, France 20).
IGHV/IGHD/IGHJ or IGKV/IGKJ usage was determined and the heavy or light CDR3 were identified. Somatic mutations were defined as
nucleotide substitutions after elimination of the known polymorphisms described in IMGT®. The ability to code for functional chains was
determined by translating DNA sequences into amino acids.
FISH studies
Interphase fluorescence in situ hybridization (FISH) analyses were performed on formalin-fixed paraffin embedded tissue sections from
lung tissue specimens using split-signal DNA probes for MALT1 (Dako, SA, Glostrup, Denmark) according to the manufacturer’s
recommendations (www.euro-fish.org).

RESULTS
Non-amyloid monotypic kappa light chain deposits are associated with a lymphoplasmacytic infiltrate
The density of the lymphoplasmacytic infiltrate was variable among the 3 patients but remained mild and non destructive in all cases. Very
scarce lymphoid aggregates were present along the bronchovascular bundles in patients 2 and 3 while lymphoid aggregates were more
numerous in patient 1 (Figure 1A). Rare lymphoid aggregates displayed features reminiscent of lymphoid follicles with atrophic germinal
centres. Cytologically. the lymphoid cells were small, with scanty cytoplasm, round nuclei and mild plasmacytoid differentiation. There was no
large cell component. Immunohistochemical analysis showed that the lymphoid cells displayed a CD20 +. CD5−. CD10−. Bcl2+. CD23−. IgDphenotype (Figure 1B) and were associated with numerous reactive CD5+ T cells (Figure 1C). These lymphoid cells did not react with κ and λ
light chains antibodies. Rare lymphoid follicles were associated with a CD23 + follicular dendritic cells meshwork. Less than 5% of these
lymphocytes were labeled by anti-Ki-67 antibody (Figure 1D). In addition, scattered mature plasma cells expressing CD138 were observed
around the lymphoid aggregates (Figure 1E), or at distance admixed with light chain deposition. Immunofluorescence analysis with κ and λ,
light chain antibodies of this plasma cell component did not show any light chain restriction (Figure 1F).
The hilar and lobar lymph node architecture was preserved. The cortex and medulla were infiltrated by some κ light chain deposits and a
mild plasma cell infiltrate without cytological abnormalities. κ and λ light chains were equally expressed by the plasma cells.
Examination of the salivary glands containing κ light chain deposits (patients 2 and 3) only disclosed a minimal lymphoplasmacytic
infiltrate with similar morphological and immunophenotypical features as observed in the lung. There were occasional plasma cells that did not
show light chain restriction.
Finally, the pulmonary, nodal and salivary gland infiltrate did not exhibit the characteristic morphological criteria of MALT lymphoma, i.e.
hyperplastic reactive lymphoid follicles, expansion of the marginal zone by centrocyte-like tumor cells and lymphoepithelial lesions. The
pulmonary lymphoid infiltrate was reminiscent of bronchus-associated lymphoid tissue (BALT) 21.
All three patients present a lung monoclonal B cell population
DNAs extracted from biopsies were analyzed for their amplificability. Indeed, poor DNA quality could lead to false-positive results due to
misinterpretation of pseudoclonality 15. All DNA has excellent or correct quality control in agreement with data currently observed from
frozen or formalin-fixed samples 15.
A dominant B-cell clone was identified in the lung tissue of the three patients. According to the DNA quality, the dominant clone was
detected with FR1, FR2 and FR3 PCR (patients 1 and 3, see figure 2A) or by one PCR (FR2) for patient 2. As shown in figure 2, this B cell
clone was largely predominant when compared to the surrounding normal B cells. For patients 1 and 3, hilar lymph nodes could be analyzed. In
each case, a faint dominant B-cell clone was found. It was identical to the pulmonary dominant clone (figure 2B).
Post-lung transplant peripheral blood B-cell repertoire was polyclonal in patients 2 and 3 (Figure 2C). Because neither lung transplantation
nor immunosuppressive associated therapy are supposed to cure a leukemic form of small B-cell lymphoproliferative disorder, we conclude
that lung clonal B cell detection was not related to contaminant circulating tumoral cells. In patient 1, peripheral blood B-cell repertoire
analysis was not conclusive because of deep B lymphocyte depletion.
All three clonal populations carry an unmutated IGHV4-34/IGKV1 stereotyped receptor
To further characterize these clonal populations we decided to sequence the IGH clonal rearrangement to look for somatic mutations, an
indirect criteria for antigen driven B-cell expansion 22. As expected from Genscan analysis, a clear dominant sequence was obtained by direct
sequencing of PCR products (data not shown). Patients shared a common IGHV4-34*01 and IGHJ4*02 gene usage. IGHD4–23*01 gene was

also common to patients 2 and 3 (Figure 3 A). Interestingly, no deletion of the 3′V-region, no N1 region was observed in the three patients. The
N2 region was restricted to two nucleotides (patients 1 and 3) and was absent in patient 2. However, although the N diversity was restricted, it
clearly differed between patients, avoiding PCR contamination. Surprisingly, all three IGVH genes were found unmutated.
Nucleotide sequence translation revealed not only an uncommon short 9 amino acid heavy chain CDR3 length but also an only one amino
acid divergence between patients (Figure 3 B). It is interesting to note in patient 3, the usage of a different IGHD gene (IGHD5 –12*01, instead
of IGHD4–23*01 in the other two patients) which, however, encodes the same amino acid motif YGG as a results of two mutations. The CDR3
comprises two charged amino acids, the basic arginine (R 106) (from the 3 ′V-REGION) and the acidic aspartic acid (D 116) (from the 5 ′
J-REGION). The tip of the CDR3 loop which corresponds to the D-REGION is occupied by a tyrosine, two glycine and the amino acid 115
which results from the D–J rearrangement and is the only amino acid which differs (P1: serine, small and neutral, P2: asparagine, small and
hydrophilic, valine, medium size and hydrophobic). Those CDR3 sequences were compared to the 7.268 in frame IGH VDJ sequences of the
IMGT/LIGM-DB database and to our 10 previously published clonal pulmonary MALT Ivmphomas IGH VDJ sequences 17 which has been
further extended by Bende et al 23. No similar junctions either for length or for motive were found.
To further look for a closely homologous (“stereotyped”) receptor, as described in chronic lymphocytic leukemia CLL 24,25, we analyzed κ
light chain gene rearrangements. Sequence analysis in patients 2 and 3 showed the quite similar amino acid CDR3 sequences CQQY NSYPLTF
and CQQYYSYPQTF, respectively. The 3′V-REGION of the IGKV allows identifying the sequence CQQYNSYP as being form IGKV1–16
and the sequence CQQYYSYP as being from IGKV1–8. IGKV1–16 is rearranged to IGKJ4. It is not possible due to the mutation at the V-J
junction to identify the IGKJ rearranged to IGKV 1–8 (IMGT Protein display, http://imgt.cines.fr); Light chain CDR3 sequences were of the
same length. Unfortunately, we did not have enough DNA to perform sequence analysis of the rearranged κ light chain genes in patient 1.
The pulmonary lymphoid infiltrate did not show rearrangement of the MALT1 gene
Using FISH analysis, we did not find any rearrangement of the MALT1 gene, a chromosomal alteration commonly observed in pulmonary
mucosa-associated lymphoid tissue (MALT) lymphoma 26.

DISCUSSION
Pulmonary non-amyloid light chain deposits occur in the three following forms of LCDD: the systemic multivisceral form, the pulmonary
nodular form and, as we recently suggested, the pulmonary cystic form. The current study demonstrates that cystic lung LCDD clearly differs
from the two other forms by clinical and molecular features (Table 2).
Cystic lung LCDD is a rare disorder 14, mostly arising in young females. They had dyspnea associated with an obstructive pattern and
numerous cysts distributed in both lung fields on the CT scan. The number of cysts progressively increased with a concomitant worsening of
dyspnea that required lung transplantation after a few years. Thirty-three to 69 months after bilateral lung transplantation, the patients are in
good condition without recurrence of the disease. These clinical findings show that lung involvement in cystic lung LCDD threatens patient ’s
life as opposed to what is observed in systemic LCDD and nodular lung LCDD. Moreover, patients affected by cystic lung LCDD are 25 years
younger than the others [2–13]. Besides the age of patients and pulmonary manifestations, cystic lung LCDD may be clinically distinguished
from the systemic multivisceral form by the absence of renal involvement and of relapse after adequate organ transplantation 27.
In the systemic form of LCDD, monoclonal light chains deposited in the target organs are produced by a bone marrow clonal plasma cell
proliferation as seen in monoclonal gammopathy of undetermined significance or multiple myeloma diagnosed in 17% and 58% of cases,
respectively 3. At the opposite, in the pulmonary nodular form of LCDD, monoclonal light chain synthesis seems to be a localized process 8–
13. A diagnosis of primary pulmonary low grade B cell lymphoma (MALT lymphoma and lymphoplasmacytic lymphoma) or lung
plasmocytoma was made in five of the ten patients reported in the literature. In the present study, bone marrow aspiration and biopsy were
normal (plasma cells <5%, preserved κ/λ ratio). Although the pulmonary lymphoid infiltrate associated with κ light chain deposits was
morphologically and immunophenotypically more suggestive of BALT than B cell neoplasm, we looked for clonality of pulmonary B cells. We
hypothesized that monoclonal light chain synthesis occurred in the lung in view of the absence of recurrence of the disease after bilateral lung
transplantation and of the normalization of serum free light chains κ/λ ratio after the procedure. PCR clonality analysis disclosed a predominant
B cell clone in the lung of our three patients. In two of them, the same clonal expansion with a lower fluorescence signal was detected in the
hilar or lobar lymph nodes. In order to exclude a tissular infiltration by a circulating disorder, we performed peripheral blood clonality analysis.
It was done after lung transplantation but we assumed that a small B cell extrapulmonary lymphoproliferative disorder would not be cured by
lung transplantation or by immunosuppressive treatment. Peripheral blood revealed a polyclonal pattern. According to the trafficking of
antibody secreting cells 28 and by analogy with non-disseminated pulmonary MALT lymphoma 29, we postulate that involvement of regional
lymph nodes and distant spread to other mucosal sites in cystic lung LCDD might be related to the peculiar expression of specific adhesion
molecules and chemokine receptors by the clonal cells and did not correspond to a metastatic process. Although the morphological features
observed in our study do not met the histological diagnosis criteria of MALT lymphoma as requested in the WHO lymphoma classification 30,
we can not exclude that these cases may be part of the morphological spectrum of pulmonary MALT lymphomas.
While it is currently acknowledged in systemic multivisceral LCDD that light chains exhibit a number of somatic mutations and/or
posttraductional modifications conferring new properties to light chain protein, no study has been yet concerned with potential distinctive
heavy chain features. Remarkably, we showed that the B cell clones from our three patients expressed homologous IGHV/IGKV repertoire for
IG rearrangement using the IGHV4-34*01/IGKV1 subgroups. The usage of a IGHV4-34/IGKV1 stereotyped receptor with closely homologous
heavy and light chain CDR3 sequences raises the possibility of a common antigen-driven selection.
A restricted IG repertoire with similar heavy and light chain CDR3 as observed in cystic lung LCDD has already been reported for
different types of B cell lymphoproliferative disorders. Several authors have found distinct sets of stereotyped B cell antigen receptors
expressed by leukemic lymphocytes in patients with CLL 24,25,31–35. These data are highly suggestive of a role for antigen in promoting

proliferation of B cells with particular surface IG. However, the causal antigens remain to be identified. Stereotyped B cell antigen receptors
were also found in subsets of marginal zone lymphomas arising in the lymph nodes 36,37 and in MALT mucosa-associated lymphoid tissue 23,
38.
In marginal zone lymphomas, the possibility of antigen-driven lymphomagenesis has been demonstrated. The risk for developing MALT
lymphoma is severely increased in patients with chronic antigenic stimulation by autoantigens and/or microbial pathogens. Chronic stimulation
of the immune system induces a sustained lymphoid proliferation favoring the neoplastic transformation process 39. Sjögren syndrome 40 and
autoimmune Hashimoto thyroiditis 41 are the most frequent underlying autoimmune conditions. The list of microbial species involved in the
development of lymphoproliferations has progressively grown and now comprises 5 distinct members: Helicobacter pylori, Campylobacter
jejuni, Borrelia burgdorferi, Chlamydia psittaci and hepatitis C virus (HCV), which have been associated with MALT gastric lymphoma,
immunoproliferative small intestinal disease (IPSID), MALT cutaneous lymphoma, MALT ocular lymphoma, and marginal zone spleen
lymphoma, respectively. All these variants of lymphoma have the same immunophenotypical features except IPSID. The malignant cells of
IPSID secrete a monotypic truncated Ig α-heavy chain lacking an associated light chain 42. This fact in addition to the notion of persistent
antigenic stimulation leads us to draw a parallel between IPSID and cystic lung LCDD although there are no IG tissular deposits in IPSID. Of
note, therapeutic trials have demonstrated that IPSID 42 as well as gastric 43,44 and cutaneous MALT lymphomas 45,46 at an early stage can
be cured with antibiotics alone. Similarly, interferon-α2b treatment in patients with splenic marginal zone lymphoma who are infected with
HCV lead to regression of the lymphoma 47. Therefore, the evidence that our study provides clues for a putative common antigen in cystic
lung LCDD is of great interest. In our patients, the search for serum anti-HCV antibodies was negative. To address the issue of the implication
of bacterial respiratory infection promoting B cell clonal expansion in cystic lung LCDD, we performed PCR amplification using universal
bacterial 16S rDNA primers and templates prepared from frozen lung tissue (data not shown). No pulmonary bacterial infection could be
detected. These are preliminary data that require further investigations.
The preferential usage of IGHV4-34 gene found in our three patients has been previously reported in several B cell lymphoproliferations,
namely CLL 31, marginal zone lymphoma36,48,49, mantle cell lymphoma 50, Burkitt’s lymphoma 50,51, primary central nervous system
lymphoma 52, and remains still controversial in large B cell lymphoma 50,53,54. IGHV4-34 encodes autoantibodies that recognize the I/i red
blood cell determinants 55. These autoantibodies are also able to interact with other antigenic structures such as DNA, cytoskeletal proteins or
Fc fragment of IgG (rheumatoid factor) 56,57. They are rare in healthy individuals although IGHV4-34 gene is expressed in the repertoire of 3
to 6 % of the normal human peripheral blood B cells 55,58,59 suggesting an anergic state of these cells. In contrast with the majority of
IGHV4-34 expressing entity cited above, the IGHV4-34*01 sequences belonging to our three patients revealed the absence of somatic
mutations. This finding is not consistent with a classical T-cell dependant antigenic stimulation of B lymphocytes and germinal center
phenotype. However, such a result has been already observed in thymic 38 and salivary gland 60 MALT lymphomas. Moreover, some authors
have established the existence of unmutated MALT lymphomas and CLL displaying isotype switching 38,61. These data indicate that tumoral
cells may arise from peculiar B cells the activation of which could implicate a T-cell independent immune response 62.
In conclusion, because the patients shared unique clinical, histological and molecular features, we propose that cystic lung LCDD should
be considered as a distinct entity. Moreover, we show that the different pulmonary B cell clones use a IGHV4-34/IGKV1 stereotyped receptor,
a molecular data strongly arguing for an antigen-driven primary pulmonary lymphoproliferation. Our results could have an important
therapeutic implication since bilateral lung transplantation seems to be the only current valid therapeutic option.

Ackowledgements:
We thank Pr P Gaulard and Pr F Davi for their critical review of the manuscript, and Pr O Hermine for helpful discussions.
We thank Pr MP Lefranc for her critical review of the manuscript, and her help in the analysis of CDR3 sequences in accordance to the
international nomenclature.
We thank Ludovic Cabanne, Christine Tricot, Maryse Baia and Martine Kernaonet for their technical assistance.

References:
1. Randall RE , Williamson WC Jr , Mullinax F , Tung MY , Still WJ Manifestations of systemic light chain deposition. Am J Med. 1976; 60 :293 -299
2.. Ganeval D , Noel LH , Preud’liomme JL , Droz D , Grunfeld JP Light-chain deposition disease: its relation with AL-type amyloidosis. Kidney Int. 1984; 26 :1 -9
3. Lin J , Markowitz GS , Valeri AM Renal monoclonal immunoglobulin deposition disease: the disease spectrum. J Am Soc Nephrol. 2001; 12 :1482 -1492
4. Pozzi C , Fogazzi GB , Banfi G , Strom EH , Ponticelli C , Locatelli F Renal disease and patient survival in light chain deposition disease. Clin Nephrol. 1995; 43 :281 -287
5. Tubbs RR , Gephardt GN , McMahon JT , Hall PM , Valenzuela R , Vidt DG Light chain nephropathy. Am J Med. 1981; 71 :263 -269
6. Heilman RL , Velosa JA , Holley KE , Offord KP , Kyle RA Long-term follow-up and response to chemotherapy in patients with light-chain deposition disease. Am J Kidney Dis
. 1992; 20 :34 -41
7. Buxbaum JN , Chuba JV , Heilman GC , Solomon A , Gallo GR Monoclonal immunoglobulin deposition disease: light chain and light and heavy chain deposition diseases and
their relation to light chain amyloidosis. Clinical features, immunopathology, and molecular analysis. Ann Intern Med. 1990; 112 :455 -464
8. Khoor A , Myers JL , Tazelaar HD , Kurtin PJ Amyloid-like pulmonary nodules, including localized light-chain deposition: clinicopathologic analysis of three cases. Am J Clin
Pathol. 2004; 121 :200 -204
9.. Morinaga S , Watanabe H , Gemma A Plasmacytoma of the lung associated with nodular deposits of immunoglobulin. Am J Surg Pathol. 1987; 11 :989 -995
10. Piard F , Yaziji N , Jarry O Solitary plasmacytoma of the lung with light chain extracellular deposits: a case report and review of the literature. Histopathology. 1998; 32 :356 361
11.. Rostagno A , Frizzera G , Ylagan L , Kumar A , Ghiso J , Gallo G Tumoral non-amyloidotic monoclonal immunoglobulin light chain deposits (‘aggregoma’): presenting feature
of B-cell dyscrasia in three cases with immunohistochemical and biochemical analyses. Br J Haematol. 2002; !19 :62 -69
12. Stokes MB , Jagirdar J , Burchstin O , Kornacki S , Kumar A , Gallo G Nodular pulmonary immunoglobulin light chain deposits with coexistent amyloid and nonamyloid
features in an HIV-infected patient. Mod Pathol. 1997; 10 :1059 -1065
13. Bhargava P , Rushin JM , Rusnock EJ Pulmonary Light Chain Deposition Disease: Report of Five Cases and Review of the Literature. Am J Surg Pathol. 2007; 31 :267 -276
14. Colombat M , Stern M , Groussard O Pulmonary cystic disorder related to light chain deposition disease. Am J Respir Crit Care Med. 2006; 173 :777 -780

15. van Dongen JJ , Langerak AW , Bruggemann M Design and standardization of PCR primers and protocols for detection of clonal immunoglobulin and T-cell receptor gene
recombinations in suspect lymphoproliferations: report of the BIOMED-2 Concerted Action BMH4-CT98-3936. Leukemia. 2003; 17 :2257 -2317
16. Evans PA , Pott C , Groenen PJ Significantly improved PCR-based clonality testing in B-cell malignancies by use of multiple immunoglobulin gene targets. Report of the
BIOMED-2 Concerted Action BHM4-CT98-3936. Leukemia. 2007; 21 :207 -214
17. Zompi S , Couderc LJ , Cadranel J Clonality analysis of alveolar B lymphocytes contributes to the diagnostic strategy in clinical suspicion of pulmonary lymphoma. Blood.
2004; 103 :3208 -3215
18. Giudicelli V , Chaume D , Lefranc MP IMGT/V-QUEST, an integrated software program for immunoglobulin and T cell receptor V-J and V-D-J rearrangement analysis.
Nucleic Acids Res. 2004; 32 :W435 -440
19. Yousfi Monod M , Giudicelli V , Chaume D , Lefranc MP IMGT/JunctionAnalysis: the first tool for the analysis of the immunoglobulin and T cell receptor complex V-J and
V-D-J JUNCTIONS. Bioinformatics. 2004; 20 (Suppl 1) :i379 -385
20. Lefranc MP , Giudicelli V , Kaas Q IMGT, the international ImMunoGeneTics information system. Nucleic Acids Res. 2005; 33 :D593 -597
21. Bienenstock J , McDermott MR Bronchus- and nasal-associated lymphoid tissues. Immunol Rev. 2005; 206 :22 -31
22. Kuppers R Mechanisms of B-cell lymphoma pathogenesis. Nat Rev Cancer. 2005; 5 :251 -262
23. Bende RJ , Aarts WM , Riedl RG , de Jong D , Pals ST , van Noesel CJ Among B cell non-Hodgkin’s lymphomas, MALT lymphomas express a unique antibody repertoire with
frequent rheumatoid factor reactivity. J Exp Med. 2005; 201 :1229 -1241
24. Stamatopoulos K , Belessi C , Moreno C Over 20% of patients with chronic lymphocytic leukemia carry stereotyped receptors: Pathogenetic implications and clinical
correlations. Blood. 2007; 109 :259 -270
25. Messmer BT , Albesiano E , Efremov DG Multiple distinct sets of stereotyped antigen receptors indicate a role for antigen in promoting chronic lymphocytic leukemia. J Exp
Med. 2004; 200 :519 -525
26. Remstein ED , Dogan A , Einerson RR The incidence and anatomic site specificity of chromosomal translocations in primary extranodal marginal zone B-cell lymphoma of
mucosa-associated lymphoid tissue (MALT lymphoma) in North America. Am J Surg Pathol. 2006; 30 :1546 -1553
27. Leung N , Lager DJ , Gertz MA , Wilson K , Kanakiriya S , Fervenza FC Long-term outcome of renal transplantation in light-chain deposition disease. Am J Kidney Dis. 2004;
43 :147 -153
28. Kunkel EJ , Butcher EC Plasma-cell homing. Nat Rev Immunol. 2003; 3 :822 -829
29. Thieblemont C , Berger F , Dumontet C Mucosa-associated lymphoid tissue lymphoma is a disseminated disease in one third of 158 patients analyzed. Blood. 2000; 95 :802 806
30.. Isaacson PGM-HH , Piris MA , Berger F , Nathwani BN , Swerdlow SH , Harris NL Editor: Press I Extranodal marginal zone B-cell lymphoma of mucosa-associated lymphoid
tissue (MALT lymphoma). Tumours of haematopoietic and lymphoid tissues. Lyon Jaffe ES, Lee Harris N, Stein H; 2001; :157 -160
31. Ghia P , Stamatopoulos K , Belessi C Geographic patterns and pathogenetic implications of IGHV gene usage in chronic lymphocytic leukemia: the lesson of the IGHV3-21
gene. Blood. 2005; 105 :1678 -1685
32. Ghiotto F , Fais F , Valetto A Remarkably similar antigen receptors among a subset of patients with chronic lymphocytic leukemia. J Clin Invest. 2004; 113 :1008 -1016
33. Tobin G , Thunberg U , Johnson A Chronic lymphocytic leukemias utilizing the VH3-21 gene display highly restricted Vlambda2-14 gene use and homologous CDR3s:
implicating recognition of a common antigen epitope. Blood. 2003; 101 :4952 -4957
34. Tobin G , Thunberg U , Karlsson K Subsets with restricted immunoglobulin gene rearrangement features indicate a role for antigen selection in the development of chronic
lymphocytic leukemia. Blood. 2004; 104 :2879 -2885
35. Widhopf GF 2nd , Rassenti LZ , Toy TL , Gribben JG , Wierda WG , Kipps TJ Chronic lymphocytic leukemia B cells of more than 1% of patients express virtually identical
immunoglobulins. Blood. 2004; 104 :2499 -2504
36. Traverse-Glehen A , Davi F , Ben Simon E Analysis of VH genes in marginal zone lymphoma reveals marked heterogeneity between splenic and nodal tumors and suggests the
existence of clonal selection. Haematologica. 2005; 90 :470 -478
37. Marasca R , Vaccari P , Luppi M Immunoglobulin gene mutations and frequent use of VH1-69 and VH4-34 segments in hepatitis C virus-positive and hepatitis C virus-negative
nodal marginal zone B-cell lymphoma. Am J Pathol. 2001; 159 :253 -261
38. Yoshida M , Okabe M , Eimoto T Immunoglobulin VH genes in thymic MALT lymphoma are biased toward a restricted repertoire and are frequently unmutated. J Pathol. 2006;
208 :415 -422
39. Suarez F , Lortholary O , Hermine O , Lecuit M Infection-associated lymphomas derived from marginal zone B cells: a model of antigen-driven lymphoproliferation. Blood.
2006; 107 :3034 -3044
40. Royer B , Cazals-Hatem D , Sibilia J Lymphomas in patients with Sjogren’s syndrome are marginal zone B-cell neoplasms, arise in diverse extranodal and nodal sites, and are
not associated with viruses. Blood. 1997; 90 :766 -775
41. Derringer GA , Thompson LD , Frommelt RA , Bijwaard KE , Heffess CS , Abbondanzo SL Malignant lymphoma of the thyroid gland: a clinicopathologic study of 108 cases.
Am J Surg Pathol. 2000; 24 :623 -639
42. Al-Saleem T , Al-Mondhiry H Immunoproliferative small intestinal disease (IPSID): a model for mature B-cell neoplasms. Blood. 2005; 105 :2274 -2280
43. Wotherspoon AC , Doglioni C , Diss TC Regression of primary low-grade B-cell gastric lymphoma of mucosa-associated lymphoid tissue type after eradication of Helicobacter
pylori. Lancet. 1993; 342 :575 -577
44. Wotherspoon AC , Doglioni C , de Boni M , Spencer J , Isaacson PG Antibiotic treatment for low-grade gastric MALT lymphoma. Lancet. 1994; 343 :1503
45. Kutting B , Bonsmann G , Metze D , Luger TA , Cerroni L Borrelia burgdorferi-associated primary cutaneous B cell lymphoma: complete clearing of skin lesions after
antibiotic pulse therapy or intralesional injection of interferon alfa-2a. J Am Acad Dermatol. 1997; 36 :311 -314
46. Roggero E , Zucca E , Mainetti C Eradication of Borrelia burgdorferi infection in primary marginal zone B-cell lymphoma of the skin. Hum Pathol. 2000; 31 :263 -268
47. Hermine O , Lefrere F , Bronowicki JP Regression of splenic lymphoma with villous lymphocytes after treatment of hepatitis C virus infection. N Engl J Med. 2002; 347 :89 -94
48. Hallas C , Greiner A , Peters K , Muller-Hermelink HK Immunoglobulin VH genes of high-grade mucosa-associated lymphoid tissue lymphomas show a high load of somatic
mutations and evidence of antigen-dependent affinity maturation. Lab Invest. 1998; 78 :277 -287
49. Papadaki T , Stamatopoulos K , Belessi C Splenic marginal-zone lymphoma: one or more entities? A histologic, immunohistochemical, and molecular study of 42 cases. Am J
Surg Pathol. 2007; 31 :438 -446
50. Funkhouser WK , Warnke RA Preferential IgH V4-34 gene segment usage in particular subtypes of B-cell lymphoma detected by antibody 9G4. Hum Pathol. 1998; 29 :1317 1321
51. Chapman CJ , Wright D , Feizi HP , Davis Z , Stevenson FK V(H) gene analysis of Burkitt’s lymphoma in children from north-western Iran. Br J Haematol. 1998; 103 :1116 1123
52. Sekita T , Tamaru JI , Kaito K , Katayama T , Kobayashi M , Mikata A Primary central nervous system lymphomas express Vh genes with intermediate to high somatic
mutations. Leuk Lymphoma. 2001; 41 :377 -385
53. Losses IS , Alizadeh AA , Eisen MB Ongoing immunoglobulin somatic mutation in germinal center B cell-like but not in activated B cell-like diffuse large cell lymphomas.
Proc Natl Acad Sci USA. 2000; 97 :10209 -10213
54. Losses IS , Okada CY , Tibshirani R Molecular analysis of immunoglobulin genes in diffuse large B-cell lymphomas. Blood. 2000; 95 :1797 -1803

55. Silberstein LE , George A , Durdik JM , Kipps TJ The V4-34 encoded anti-i autoantibodies recognize a large subset of human and mouse B-cells. Blood Cells Mol Dis. 1996;
22 :126 -138
56. Stevenson FK , Longhurst C , Chapman CJ Utilization of the VH4-21 gene segment by anti-DNA antibodies from patients with systemic lupus erythematosus. J Autoimmun.
1993; 6 :809 -825
57. Pascual V , Randen I , Thompson K The complete nucleotide sequences of the heavy chain variable regions of six monospecific rheumatoid factors derived from Epstein-Barr
virus-transformed B cells isolated from the synovial tissue of patients with rheumatoid arthritis. Further evidence that some autoantibodies are unmutated copies of germ line genes. J
Clin Invest. 1990; 86 :1320 -1328
58. Pugh-Bernard AE , Silverman GJ , Cappione AJ Regulation of inherently autoreactive VH4-34 B cells in the maintenance of human B cell tolerance. J Clin Invest. 2001; 108 :
1061 -1070
59. Kraj P , Friedman DF , Stevenson F , Silberstein LE Evidence for the overexpression of the VH4-34 (VH4.21) Ig gene segment in the normal adult human peripheral blood B
cell repertoire. J Immunol. 1995; 154 :6406 -6420
60. Miklos JA , Swerdlow SH , Bahler DW Salivary gland mucosa-associated lymphoid tissue lymphoma immunoglobulin V(H) genes show frequent use of Vl-69 with distinctive
CDR3 features. Blood. 2000; 95 :3878 -3884
61. Oppezzo P , Magnac C , Bianchi S Do CLL B cells correspond to naive or memory B-lymphocytes? Evidence for an active Ig switch unrelated to phenotype expression and Ig
mutational pattern in B-CLL cells. Leukemia. 2002; 16 :2438 -2446
62. Toellner KM , Jenkinson WE , Taylor DR Low-level hypermutation in T cell-independent germinal centers compared with high mutation rates associated with T cell-dependent
germinal centers. J Exp Med. 2002; 195 :383 -389
63.. Grogan TMVCB , Kyle RA , Muller-Hemerlink HK , Harris NL Editor: Press I Plasma cell neoplasm. Tumours of haematopoietic and lymphoid tissues. Lyon Jaffe ES, Lee
Harris N, Stein H; 2001; :142 -156
64. Denoroy L , Deret S , Aucouturier P Overrepresentation of the V kappa IV subgroup in light chain deposition disease. Immunol Lett. 1994; 42 :63 -66
65. Cogne M , Preud’homme JL , Bauwens M , Touchard G , Aucouturier P Structure of a monoclonal kappa chain of the V kappa IV subgroup in the kidney and plasma cells in
light chain deposition disease. J Clin Invest. 1991; 87 :2186 -2190
66. Khamlichi AA , Aucouturier P , Silvain C Primary structure of a monoclonal kappa chain in myeloma with light chain deposition disease. Clin Exp Immunol. 1992; 87 :122 126

FIGURE 1
Pulmonary lymphoplasmacytic infiltrate
This low power view shows abundant eosinophilic amorphous extracellular pulmonary deposits associated with several cysts (*). Three lymphoid
nodules are seen and two of them are located in the vicinity of bronchioles (arrows) (A). Immunohistochemical study revealed that the nodules are
mainly composed of small CD20 positive lymphocytes (B). At the periphery, small CD5 positive cells were present (C). Less than 5 % of
lymphocytes were labeled by anti-Ki-67 antibody (D). Anti-CD138 antibody highlights the presence of plasma cells around the nodules (E). IF
performed on deparaffined sections demonstrated that plasma cells did not show light chain restriction (F).

FIGURE 2
Genscan analysis of PCR products
Amplifications of immunoglobulin heavy chain CDR3 sequences were performed using the three FR1, FR2, FR3 primer sets. PCR products were
run on a sequence analyzer and sizes were determined using a size marker (in red) and the Genscan software. The figure shows representative data
in patient 1 of (A) the dominant clone detected in the lung, (B) the PCR product alignment of lung and lymph node dominant clone, and (C) the
comparison of lung clone and polyclonal blood B cell repertoire.

FIGURE 3
Alignment of nucleotide sequences and translation of IG heavy chain CDR3
DNA extracted from lung explant specimens was amplified using the FR1/JH BIOMED-2 PCR protocol. After purification, PCR fragments were
directly sequenced. A: Sequences were aligned to Immunoglobulin sequences using IMGT/V-QUEST 18 and IMGT/JunctionAnalysis 19, from
IMGT® the international ImMunoGeneTics information system® (http//imgt.cines.fr). Somatic mutations were defined as nucleotide substitutions
after elimination of the known polymorphisms described in the IGMT database. B: The same database determines the ability of sequences to code
for functional heavy chains. First line includes amino acid positions according to the IMGT unique numbering for V-DOMAIN 20.

TABLE 1
Clinical characteristics of the patients.
Patient 1

Patient 2

Age
- At the onset of symptoms
33
28
- At the time of LT
36
39
Sex
Female
Female
Smoking status (Pack-years)
Former smoker (1)
Non smoker
Environnment or occupational exposure
Not found
Not found
(− )
(− )
Adenopathies
(− )
(− )
Splenomegaly
(− )
(− )
Hepatomegaly
Viral status (serology):
- HCV infection
(− )
(− )
- HIV infection
(− )
(− )
Monoclonal IG before LT(1):
- Serum
(− )
Free k light chain
- Urine
(− )
ND
Serum IgG, IgA, IgM levels
Normal
Normal
Bone marrow plasmocytes (%)
<5
<5
Renal function (serum creatinine level, (μmol/1)
Normal (50)
Normal (55)
Proteinuria, mg/day
70
60
Liver function tests
Normal
Normal
Heart function(2)
Normal
Normal
Extrapulmonary deposits:
- Bone marrow
(− )
(− )
- Salivary glands
+
(− )
-Skin
¤
(− )
- Duodenum
¤
(− )
- Rectum
¤
(− )
-Kidney
¤
¤
Autologous blood stem cell transplantation before LT
No
Yes(3)
Follow-up (mo)
39
69
Monoclonal IG after LT (1):
-Serum
(− )
(− )
- Urine
(− )
(− )
Recurrence of the disease
No
No
(−), absent; +, present; LT, lung transplantation; ND; not done; ¤, no biopsy performed; HCV, hepatitis C virus; HIV, human immunodeficiency virus;
1 protein electrophoresis and immunofixation;
2 evaluated by echocardiography and right cardiac catheterization;
3 without improvement or stabilization.

Patient 3
37
42
Female
Former smoker (8)
Not found
(− )
(− )
(− )
(− )
(− )
(− )
ND
Normal
<5
Normal (100)
200
Normal
Normal
(− )
+
¤
¤
¤

(− )
No
33
(− )
(− )
No

TABLE 2
Main characteristics that distinguish the three forms of LCDD involving the lung.
Cystic lung LCDD n = 4 14 *
Age (range), yr
Sex ratio (M/F)
Organ involvement:
-Lung
- Kidney
-Heart
Cause of death
Recurrence after adequate organ transplantation
Monoclonal component (serum/urine)
Primary bone marrow plasma cell proliferation
Primary pulmonary lymphoproliferation
Characterization of monoclonal component:
- Clonal V Heavy chain
- Clonal V Light chain
- Somatic mutations
* , and the present study; ND, not done;
1 bilateral lung transplantation;
2 renal transplantation.

Systemic multivisceral LCDD n = 912–7

Nodular lung LCDD n= 108–13

29.5 (20–37)
1/3

55 (33–80)
2/1

58 (33–76)
2/3

Yes (dyspnea)
No
No
Respiratory failure
No(1)
25% (Serum free κ light chain)
No
Yes

Yes (asymptomatic)
Yes (proteinuria, renal failure)
Yes (arrhythmias, heart failure)
Renal or heart failure
Yes(2)
85% 63
Yes (75%) 3
No

Yes (asymptomatic)
No
No
No death
Not needed
ND
No
Yes (50%)

IGHV4-34
κ, IGKV1
No

Not determined
κ, IGKV4 64
Yes 65,66

Not determined
κ, IGKV4 11
Not determined

