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In patients with B-cell lymphoma, only in rare cases a secreted paraprotein is found, and in very few
of them an associated autoantibody activity has been demonstrated. Here we report the case of a
patient with a low-grade B-cell lymphoma with a serum biclonal paraprotein (G,M)A and severe
erythroblastopenia. Indirect immunofluorescence studies of total serum revealed cytoplasmic (Hep-2
cells) and extracellular matrix (rat tissue sections) staining, suggestive of a new specificity. After gel
filtration of serum samples, only the IgM-containing fraction showed the same pattern of staining.
Tumor-derived hybridomas expressed an unmutated V3-11 gene identical to that found in tumor
samples and secreted an IgM immunoglobulin endowed with the same reactivity, which confirms the
tumoral origin of the tissue-reactive protein. The results suggest a link between the autoimmune
condition in this patient and the novel specificity displayed by the tumor-derived immunoglobulin.
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Previous work in CD5* B-CLL patients has
demonstrated a high frequency of natural auto-
antibody activity associated with secreted
monoclonal Igs (1, 2), a finding that agrees with
the postulated contribution of the CD5" B1 cell
subset to the synthesis of natural polyspecific
IgM autoantibodies. These antibodies are an
important component of the normal B-cell rep-
ertoire. A clear association between paraneopl-
asic symptoms and the autoantibody activity of
secreted idiotypes in B-cell malignancies has not
been demonstrated, although the improvement
of clinical manifestations after the initiation of
treatment aimed to eradicate the tumor suggests
a relationship between the two conditions (3).
The role that CD5~ B2 lymphocytes, the pre-
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dominant cell type found in follicular lym-
phomas, plays in natural autoantibody produc-
tion is less clear. Antibodies in sera of patients
with this condition or secreted by tumor-derived
hybridomas have been shown to exhibit a broad
specificity reminiscent of that attributed to
natural autoantibodies (4, 5), but no direct re-
lationship has been firmly established between
the tumor idiotypic protein and the presence of
autoimmune pathologies.

We here report a patient affected by a severe
erythroblastopenia and a B-cell follicular
lymphoma with biclonal IgM,G A in serum. The
serum IgM fraction was endowed with a broad
tissue reactivity. Hybrids obtained by somatic
fusion of tumor cells and the K6H6/B5 het-
erohybridoma were shown to express a Vg gene
identical to that of the tumor cells and secreted
an IgM protein which exhibited identical anti-
body specificity. The relevance of these findings
is discussed.
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MATERIALS AND METHODS

Patient

A 38-year-old man with generalized enlargement of
the lymph nodes (LN) and splenomegaly was diag-
nosed as having a centrocytic-centroblastic non-
Hodgkin’s lymphoma (Working formulation). The
patient was later included in a protocol of vacci-
nation against own tumor idiotypic protein. Micro-
scopic examination of the bone marrow showed a de-
crease in red cell precursors with no signs of neoplas-
tic infiltration. Laboratory studies showed normal
parameters except for hematocrit (23%), hemoglobin
concentration (7 g/dl with negative Coombs’ test) and
EPO (352 mU/ml). After several rounds of polychem-
otherapy and autologous transplantation with pe-
ripheral blood precursors, a recurrence of the tumor
with CD5~ CDI19* CD20" CD22" CD38" DR™" k™
At cells in bone marrow, coexisting with no red
cell precursors, was evidenced 2 years later. During
the studies performed before implementation of the
anti-idiotypic therapy, a search for ANA antibodies
revealed an unexpected pattern of staining (see be-

low). At this stage, immunofixation electrophoresis
disclosed a serum biclonal paraprotein (G,M)A, im-
peding the initiation of anti-idiotypic therapy. The
patient died from septic shock after a severe infec-
tion.

Antibody studies

The serum of the patient or supernatants from
IgM-secreting hybridomas were tested by indirect im-
munofluorescence (IIF) using either 6 pm frozen sec-
tions of rat kidney, liver and stomach composite
blocks or cultured larynx carcinoma Hep-2 cells
(Kallestad, MN, USA) and ATCC skin fibroblasts
CCD-45SK. Irrelevant monoclonal Igs were used as
negative control.

The IgM and IgG molecules present in the serum
were separated by size exclusion chromatography
(Superosa 12, FPLC). The fractions were analyzed
for total protein (A280) and IgM or IgG content by
a class-specific enzyme-linked immunosorbent assay
(ELISA). The relevant fractions containing the
monoclonal proteins were studied by IIF.

Immunoprecipitation was carried out as described

Fig. 1. Indirect immunofluorescence of patient’s serum (A1-3; C1-2) or supernatant from the 2E4 hybridoma
(B1-3; C3) on: A1-2/B1, rat kidney tissues; A3/B3, liver rat tissue; C1/3, Hep-2 cells, and C2, skin fibroblasts

(CCD-45SK cells). See text for details.
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(6). Briefly, HeLa cells were metabolically labeled
with 33S-methionine, resuspended in 0.05% NP-40, 50
mM NaCl, 50 mM Tris pH 7.4 containing a cocktail
of protease inhibitors, and sonicated at 50 KHz.
Supernatant from 10,000 rpm was mixed with protein
A-agarose (Pharmacia Biotech, Uppsala, Sweden)
beads previously treated with either normal or pa-
tient’s serum. Anti-pl7 serum was used as internal
control. The IgM component expressed by the tumor
belongs to the Vi3 family (see results) and is readily
absorbed onto protein A (data not shown). After
washing, the beads were incubated with the labeled
HeLa cell extract. Precipitated proteins were ana-
lyzed by 8% SDS-PAGE and visualized by autoradi-
ography.

Isolation of idiotypic protein from tumor cells

Single cell suspensions from a supraclavicular LN
were dispersed in RPMI medium and lymphoid cells
were isolated by density-gradient centrifugation on
Lymphoprep (Nycomed Pharma, Oslo, Norway). LN
cells were fused in 50% polyethylene glycol (Boehr-
inger Mannheim, Mannheim, Germany) with the
HAT-sensitive heterohybridoma K6H6/BS (ATCC,
CRL 1823) and distributed in 96-well microtiter

plates. Ig secretion was studied by conventional class-
specific ELISA.

Sequence analysis of the tumor and hybridoma VH
genes

Total RNA was extracted from 1X10° lymph node
cells or 0.5X10° hybridoma cells (S.N.A.P., Invitrog-
en, CA, USA). cDNA synthesis was performed using
AMV reverse transcriptase and oligo(dT) primer
(Promega, WI, USA). This cDNA was amplified
using a panel of VypaadJuror family-specific oligonuc-
leotide primers pairs (7) that expanded a single-band
PCR product of about 400 bp. This product was sub-
cloned into pCR™II using the TA cloning system
(Invitrogen). The recombinant plasmids showing in-
dentical DNA insert lengths were sequenced using a
Cy5™ AutoCycle™ Sequencing Kit (Pharmacia Bi-
otech) on an ALFexpress™ Automater DNA Se-
quencer. The sequences of several clones were com-
pared using the PCGENE program v6.85 and the
search for homologous germline sequences was done
using the V BASE Directory of Human V Gene Se-
quences (MRC for Protein Engineering Centre, Cam-
bridge, UK).
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Fig. 2. Left: Immunoprecipitated proteins from methionine-labeled HeLa cell extract using (from left to right):
normal human serum, patient’s serum, and anti-pl7 serum (included as internal control for immunoprecipit-
ation). Right: Profile of patient’s serum chromatography on a (1X30) Superose 12 column, showing the total
protein (A280 nm), IgM and IgG content (ELISA) of the collected fractions. Pooled fractions A, B and C were
studied by IIF on Hep-2 cells at two different dilutions (inset).
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Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly Ser Leu
VH.TUM GAG GTG CAG CTG GTG GAG TCT GGG GGA GGC TTG GTC ARG CCT GGA GGG TCC CTG
CDR1
Arg Leu Ser Cys Ala ARla Ser Gly Phe Thr Phe Ser Asp Tyr Tyr Met Ser Trp
VH.TUM AGA CTC TCC TGT GCA GCC TCT GGA TTC ACC TTC AGT GAC TAC TAC ATG AGC TGG
e B e i e e Bt wis  wisw  azenm wim s ehe m eve w  we s
VHLZ2G9 Gl @dl aes s mese pom iems i v soen e sies ses waE Lae EEE 8
Ile Arg Glu Ala Pro Gly Lys Gly Leu Glu Trp Val Ser Tyr Tle Ser Ser Ser
VH.TUM ATC CGC CAG GCT CCA GGG AAG GGG CTG GAG TGG GTT TCA TAC ATT AGT AGT AGT
VHZEE  cww aoss wweoe: resw i Sied 508 5 w6 Ge aTe  wSR WIS W6 W ew e s 8 & ocin »
CDR2
Gly Ser Thr Ile Tyr Tyr Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg
VH.TUM GGT AGT ACC ATA TAC TAC GCA GAC TCT GTG ARG GGC CGA TTC ACC ATC TCC AGG
WHARES s aer seiasen jenmuer swsmemy sersans Seqeren g szs @ wie weam s ivie ce wme eee s
VH2G9 v mse sme e woss: e s 20 - e . ‘ i
Asp Asn ARla Lys Asn Ser Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
VH.TUM GAC AAC GCC ARG ARC TCA CTG TAT CTG CAA ATG AAC AGC CTG AGA GCC GAG GAC
VHGIERE v seswa eman merere e arwel 6 @9 8 G SHals 5 W e e s
VH 269 v cwiwes e ceimssy (oisiss e w8 6 & 06 . & weEw e e & &5 % e ar wim o wim
CDR3
Thr Ala Val Tyr Tyr Cys Ala Arg Glu Ser Tyr Tyr Tyr Tyr Tyr Tyr Gly Met
VH.TUM ACG GCC GTG TAT TAC TGT GCG AGA GAG TCT TAT TAC TAC TAC TAC TAC GGT ATG
WELEEA e, awimier sevminy ivusior pioass soneiec te eis G e sisie  wiess wiew sie w woeal wioe e mme mo mgoe owge s
T e e L Ny (-
Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
VH.TUM GAC GTC TGG GGC CAA GGG ACC ACG GTC ACC GTC TCC TCA
VBHAZEA e oine: et avded soadel mele 4 S B e e edald aleR enen e
VH.2G9 O T R T i et s 2 e

Fig. 3. Nucleotide sequences of VH region of the tumor Ig and 2E4 and 2G9 hybridomas. Amino acid sequence
and CDR regions (underlined) are shown. Dots indicate nucleotide identity. Conserved amino acids are in bold

letters.

RESULTS

Pattern of reactivity of patient’s serum

Indirect immunofluorescence studies of the
patient’s serum on a composite block of rat
tissues showed an interstitial speckled pattern
on glomeruli, intertubular areas and vessels of
the kidney section (Fig. 1: A1,2) and liver portal
areas (Fig. 1: A3) reaching a titer of 1:5120. In
cell lines, IIF staining appeared as a fine fila-
mentous intracytoplasmic weft, with a few scat-
tered granules (Fig. 1: C1, Hep-2; C2, CCD-
45SK). Nuclei were not stained in any of the
tissues studied. Autoradiography of the im-

munoprecipitated proteins from 3S-methion-
ine-labeled HeLa cell extract using patient’s
serum (Fig. 2, left: lane 2) showed prominent 45
and 82 kDa bands and several minor specific
50, 60—65 and 135 kDa bands.

In order to assess the possible association
between this pattern of staining and the biclo-
nal component present in the patient’s serum,
we performed chromatographic separation of
the IgM and IgG immunoglobulins by gel fil-
tration on Superosa 12 (Fig. 2, right). The
main IgM and IgG peaks containing the
monoclonal material as revealed by agarose
gel electrophoresis (not shown) were further
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analyzed by IIF. The sample corresponding to
the monoclonal IgM (fraction 16-17, A)
showed a pattern of staining identical to that
found using total serum, whereas the sample
containing the monoclonal I1gG (fractions 25—
26, C) showed no reactivity (Fig. 2, right,
inset).

Antibody activity of tumor-derived idiotype pro-
tein

To determine the tumoral origin of the auto-
antibody activity associated with the serum par-
aprotein, we rescued the idiotypic tumor Ig by
fusion with the K6H6/BS5 heteromyeloma. Thir-
teen out of fifteen growing hybrids secreted an
IgM,L immunoglobulin. IgG was not secreted
by any of the cell hybrids tested. Cell-free super-
natants from IgM secreting hybridomas were
tested in IIF and showed a pattern of staining
identical to that previously described (Fig. 1:
B1-3,C3).

Vy gene expression in hybrids and tumor cells

The identity of the immunoglobulin derived
from the IgM-secreting hybrids and tumor
cells was confirmed by sequencing the ex-
pressed VDJ region. Samples of DNA were
amplified with mixes of Vpypaek and Jygor
primers, cloned, and sequenced. The results of
sequencing the clones revealed the involvement
of primers for Vy; and Jye families in the
PCR amplification. The entire VDJ region of
both tumor and hybridomas was identical ex-
cept for one synonymous change at codon 104
(TAC—TAT; Tyr) in the CDR3 region of the
2E4 hybridoma (Fig. 3). A search in the VBa-
se directory revealed that the heavy chain be-
longs to the VH3 family, exhibiting only one
nucleotide mismatch to the V3-11 germline
gene sequence. The D segment DLR1 is used
in reading frame 3.

DISCUSSION

One of the most common immunological ab-
normalities found in patients with lymphoma is
a monoclonal peak in serum (8). In this paper
we report the case of a patient with a follicular
B-cell lymphoma who presented a serum biclo-
nal (M,G)A. The serum IgM fraction reacted
against a variety of cells and tissues. Idiotypic
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material was isolated after cell fusion and
proved to be identical with that found in the
tumor samples by sequencing the expressed VH
genes. The IgM secreted by the hybridoma cells
showed the same pattern of reactivity.
Although autoantibody activity of serum
IgM in a patient with a concomitant lymphoma
has been reported before (9), it has only been
described in a few cases in biclonal gamma-
pathies (10, 11) with no evidence of associated
malignancy. To our knowledge, there are no pre-
vious reports showing autoantibody activity as-
sociated with individual components in a biclo-
nal gammapathy, as it is shown in this report.
In our case, the biological significance of the
associated B-cell lymphoma and the lack of re-
activity of the IgG paraprotein is difficult to dis-
cern. One possibility is the coexistence of two
unrelated tumors in this patient, only one of
which secreted an IgM autoantibody. In fact,
natural autoantibodies belong almost exclus-
ively to the IgM isotype. If this was the case, a
second clone of a different kind or present at a
different anatomical localization could secrete
the serum IgG paraprotein. The concomitant
presence of two different B-cell malignancies
comprising both myeloma and NHL tumors
(12, 13) or two different kinds of lymphoma has
been described (14). A similar condition could
account for the failure to achieve IgG-secreting
hybrids that were otherwise easily obtained by
us after fusion of IgG™* B-lymphoma cells (15).
Alternatively, some progenitor cells of a single
original parental IgM™ clone could have under-
gone class switching to IgG-secreting cells. Dif-
ferences in avidity could explain the preferential
binding of the pentameric low-affinity IgM (a
hallmark of natural autoantibodies). On the
other hand, a decrease in overall avidity after Ig
class switching has been reported (16).
Although several tumor-derived molecules
can be responsible for the development of par-
aneoplasic symptoms (17), an obvious candi-
date for that role is the immunoglobulin se-
creted by B-cell tumors. However, there is no
clear demonstration that paraproteins related to
natural antibodies are directly involved in auto-
immune pathologies. Moreover, these anti-
bodies are thought to be encoded for by unmu-
tated VH genes, whereas antibodies implicated
in autoimmunity exhibit somatic mutations. In
our case, we did not find any other physiological
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explanations for the profound erythroblastop-
enia found in this patient. The presence of a
factor directed against EPO (18) can be dis-
carded in the light of the high serum levels of
this hormone. Given the wide distribution of
the antigen recognized by the IgM monoclonal
protein, most cells in bone marrow smears were
stained (data not shown), impeding a direct
evaluation of lineage-specific reactivity. How-
ever, any of these findings can exclude the possi-
bility that the antibody produced by the tumor
reacts either with a particular component of
erythrocyte precursors or with a specific stromal
cell or matrix component required for normal
development of the erythroid lineage.

The pattern of staining in IIF does not corre-
spond to any of the classic patterns associated
with a particular autoimmune disease. The pres-
ence of abundant cytoplasmic filaments in the
cell lines studied recalls the patterns usually as-
sociated with cytoskeletal proteins (5). Further-
more, the interstitial pattern shown in tissue is
quite similar to others described in sera contain-
ing anti-high molecular weight cytoskeletal pro-
tein autoantibodies, reactive with epitopes pres-
ent in the extracellular matrix, although in the
only published case no association with any spe-
cific pathological condition was described (19).
The fact that cytoskeletal proteins are usually
present as heteropolymers fits well with the
complex pattern observed in the patient’s serum
immunoprecipitates using metabolically labeled
extract of HeLa cells. Moreover, we also found
negative results when the patient’s serum was
tested against a panel of antigens commonly
used to assess polyreactivity (tetanus toxoid,
IgG, ssDNA and thyroglobulin) (data not
shown).

The finding that the IgM secreted by hybrid-
omas was endowed with the same reactivity as
the monoclonal IgM in serum suggests that they
are derived from the patient’s tumor cells. We
confirmed the identity between the tumor id-
iotypic protein and the product of the hy-
bridoma cells by sequencing the expressed VH
genes. Not surprisingly in a natural autoanti-
body, the nucleotide sequence is identical to that
of a germinal Vi gene (V3-11). The V3-11 gene
is expressed in fetal tissues (20) and in some
variants of non-Hodgkin lymphoma (21) and
encodes a significant fraction of the natural

antibodies that bind to the gal o (1, 3) gal epi-
tope (22).

In conclusion, by using somatic fusion meth-
odology we succeeded in demonstrating the tu-
moral production of the autoantibody and in
reproducing in vitro the behavior previously ob-
served with the patient’s serum. New ap-
proaches recently described for the identifi-
cation of novel human antibody-antigen pairs
(23) would help us further dissect the role of
antibodies in the pathogenesis of autoimmune
diseases and better understand the linkage be-
tween cancer and autoimmunity.
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