Primary diffuse large B-cell lymphoma associated
with clonally-related monoclonal B lymphocytosis
indicates a common precursor cell

Bone marrow monoclonal small B-cell infiltration
(MSBC) associated with monoclonal B lymphocytosis
(MBL), is present at a higher frequency in patients with
diffuse large B-cell lymphoma (DLBCL). We have
prospectively collected blood and bone marrow (BM)
samples in patients with primary DLBCL at diagnosis to
study the clonal relationship of MBL/MSBC with the
paired DLBCL. MBL/MSBC were detected in 6 of 19
patients, of whom 5 presented DLBCL with activated B-
cell origin (ABC) and one germinal center B-cell (GCB)
origin. MBL/MSBC were clonally related to the paired

DLBCL in 3 of 6 patients, as demonstrated by rearranged
immunoglobulin heavy chain gene sequence analysis.
MBL/MSBC in these 3 patients showed a chronic lym-
phocytic leukemia (CLL)-like, a non-CLL-like and a ger-
minal center cell-like immunophenotype, respectively.
The former two MBL/MSBC immunophenotypes were
associated with DLBCL-ABC, and the latter with DLBCL-
GCB. Similar, but not identical, rearranged immunoglob-
ulin genes were demonstrated for the 3 patients with
MBL/MSBC and paired DLBCL and these were not clon-
ally related. These results suggest that a subset of DLBCL
may arise from MBL/MSBC.

The most common type of DLBCL, DLBCL not other-
wise specified (NOS) is subdivided according to cell of
origin, either from activated B cells or from germinal cen-
ter B cells.'”” DLBCL-ABC is genetically different to
DLBCL-GCB and is characterized by chronic active B-cell

Table 1. Immunophenotype and Immunoglobulin sequence characteristics of monoclonal B lymphocytosis/monoclonal small B-cell infiltra-

tion and diffuse large B-cell lymphoma.

ample Immunophenotype C00 IGHV  IGH)  IGHD V-region Clonal CDR3 aminoacid
homology identity sequence’
Patient 1 CD19*, CD20¢™, CLL-like 3-53 6 2-2 94.30% Yes CARGDCSSTTCNILAVW
MBL/MSBC CD79b, CD5*,
CD23", IgL*
DLBCL CD20, CD10-, ABC 3-53 6 2-2 94.30% CARGDCSSTTCNILAVW
BCL6*, MUMI*,
CD5-, CD23-, EBER
Patient 2 CD19+, CD207, Non-CLL 4-34 4 6-19 94.60% Yes CARGPRDDMAVALDNW
MBL/MSBC CD79b*, CD5,
CD10-, CD23", IgK*
DLBCL CD20, CD10-, ABC 4-34 4 6-19 94.60% CARGPRDDMAVALDNW
BCL6*, MUMI",
CD5-, EBER-
Patient 3 CD19+, CD20*, Non-CLL 4-59 3 3-22 91.60% No  CARAGQYYYDSSGYYAYAFDIW
MBL/MSBC CD79b, CD5-,
CD23, IgL+
Patient -3- CD20, CD10-, ABC 4-34 4 6-25 96.10% CARGCSVYGLVYW
DLBCL BCL6", MUMI,
CD5-, EBER-
Patient 4 CD19+, CD20¢, CLL-like 37 4 3-16 90.00% No CARYGRAVSIDYW
MBL/MSBC CD79b, CD5",
CD23 IgK*
DLBCL CD20~, CD10r, ABC 3-23 5 6-13 94.40% CAKECSNSWDTW
BCL6-, MUMI,
CD5-, EBER-
Patient 5 CD19+, CD207, Non-CLL 25 4 6-19 95.50% No CAHIPYFHTSGRIFDYW
MBL/MSBC CD79b*, CD5¢m,
CD23, IgK*
DLBCL CD20, CD10-, ABC 25 4 2-15 100.00% CARPKKSLL*WW*LLFNV#FDYW
MUMI+, CD5,
CD23' EBER-
Patient 6 CD19*, CD20", GCB-like 311 3 5-12 83.10% Yes CARIYRHSLDIW
MBL/MSBC CD79b*, CD5-, CD23,
CD10~, IgK*
DLBCL CD207, CD10, GCB 311 3 5-12 77.50% CARFYRHAFDIW
MUMI, CD5,
EBER-
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!Complete nucleic acid sequences are available from GenBAnk, with reference numbers KP734253 to KP734264. Markers in column 2 in bold are the ones used for fluores-
cence-activated cell sorting. GHV,IGHJ, IGHD: immunoglobulin heavy chain variable, junction and diversity genes, respectively; COQ: cell of origin; CDR3: complimentarity deter-
mining region 3; MBL/MSBC: monoclonal small B-cell infiltrate/monoclonal B cell lymphocytosis; DLBCL: diffuse large B-cell lymphoma; CLL: chronic lymphocytic leukemia;
ABC: activated B-cell type; GCB: germinal center cell type.
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receptor and Toll-like receptor signaling pathways that
may be targeted with novel drugs.

We previously reported a high incidence of MSBC in
BM and MBL in the blood of DLBCL patients, but due to
the lack of materials, the clonal relationship between the
two lymphoproliferative diseases could only be studied
in one case.” DLBCL-ABC showed a higher frequency of
MBL/MSBC than DLBCL-GCB: 28.2% versus 3.7%,
respectively.’ In addition, MBL/MSBC was more fre-
quently of non-chronic lymphocytic leukemia (CLL) type
than of CLL type, the latter being the most frequent MBL
type in the general population.” MBL has been detected
in elderly patients, with an incidence rate of over 10%.’
CLL-type MBL is a precursor lesion for CLL.*” However,
most patients with CLL-type MBL do not develop CLL.
Non-CLL-type MBL has so far not been demonstrated to
be a precursor lesion for lymphoma or leukemia, but was
proposed in one study to represent a low-grade lym-
phoma of BM.?

Bone marrow (10 mL) and blood samples (20 mL) of
patients with primary DLBCL at diagnosis were prospec-
tively collected to detect MBL/MSBC and to study
whether the latter cells were clonally related to the paired
DLBCL. Samples were ultimately collected for 19
patients. All patients were treated at the Norwegian
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Radium Hospital, Norway (Online Supplementary Table
S1). Diagnostic lymphoma tissue and BM trephine biopsy
was available for all patients. The study was approved by
the Regional Committee for Medical and Health
Professional Research Ethics of South-East Norway (refer-
ence number 2010/3241).

All lymphoma and BM trephine biopsies were
reviewed and appropriate immunohistochemical analysis
was performed in all cases. Lymphomas were diagnosed
according to the WHO classification, and the DLBCL cell
of origin was studied using the Hans algorithm."’

Eight-color flow cytometry analysis was used with the
following antibody combinations labeled with Pacific

Blue/ e450 (PB/e450), Krome Orange (KO),
FITC/Pe/PercPCy5.5/ Phycoerithrin cyanine
7(PeCy7)/APC/ APC Hilite7 or APC/cyanine7
(APCH7/cy7): 1)
CD20°CD4/CD45/CD8Igh/CD56'/Igk/CD5/CD19*TCR
y6/CD38; 2)

CD20/CD45/CD23/CD10/CD79b/CD19/CD200/CD43.

Flow cytometry analysis was performed on a LSRII
instrument (Becton-Dickinson), using FACSDiva soft-
ware (Becton-Dickinson). If monoclonal B cells were
present, stained samples were subsequently sorted with
high-pressure settings using a FACS Aria IIu High speed

Figure 1. Bone marrow
trephine sections of patients 1
and 2, respectively, show a
small interstitial infiltrate with
small lymphoid cells (A and B).
H&E-stained sections (400x).
The lymphoid cells are high-
lighted by anti-CD20 immuno-
histochemistry (C and D)
respectively (400x). A rectal
mucosa biopsy of patient 1 (E)
H&E-stained section (400x)
and a gastric mucosa biopsy of
patient 2 (panel F, H&E-stained
section (400x) shows diffuse
infiltration with large B cell
lymphoma. The scale bar indi-
cates 50 micrometer.
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sorter (Becton Dickinson) equipped with 408 nm, 488 nm
and 633 nm lasers. MBL/MSBC for sorting were selected
with a Becton Dickinson FACSDiva software, starting
with gating of viable cells using the forward scatter versus
side scatter dot plot. T cells and B cells were then gated
out using a CD5 versus CD19 dot plot. Finally,
MBL/MSBC were separated from polyclonal B cells tak-
ing advantage of the aberrant B-cell phenotypes identi-
fied by flow cytometry analysis. Cells were collected in
PBS or RLT plus lysis buffer (Qiagen, Germany). Six of the
19 patients with DLBCL showed MBL/MSBC. In accor-
dance with our previous study, 5 of 6 patients had
DLBCL-ABC and one had DLBCL-GCB. MSBC in the BM
was associated with MBL in all patients (Ownline
Supplementary Table S1). The close association between
MSBC in the BM and MBL in peripheral blood has previ-
ously been demonstrated.””" Also, the BM trephine biop-
sies of the 6 patients showed in total one to three foci
with small B-lymphoid cells with infiltration patterns as
previously described in patients with MBL (Figure 1 and
Online Supplementary Figures S1 and S2)."""" None of the
patients showed histological BM infiltration with large B-
cell lymphoma. In addition, MBL/MSBC identified by
flow cytometry showed a forward scatter overlapping
with that of small polytypic B lymphocytes in the same
sample, indicating the small size of these cells (Online
Supplementary Figure S3). The BM trephine biopsies of the
13 patients without MBL/MSBC, as detected by flow
cytometry, did not show small B-cell aggregates by
immunohistology.

In order to study the clonal relationship between
MBL/MSBC and DLBCL paired samples, rearranged IGH
gene sequences were analyzed. Rearranged IGH genes
from sorted MBL/MSBC were amplified from DNA using
the IGH Somatic Hypermutation Assay v.2.0
(Invivoscribe Inc., San Diego, CA, USA). For DLBCL sam-
ples, formalin-fixed tissue was analyzed using primers
complimentary to IGHV framework 1, 2 and 3, as previ-
ously described.” For one patient, frozen DLBCL tissue
was available and was studied as for MBL/MSBC. The
PCR products were subsequently sequenced using the
BigDye® Terminator v.1.1 Cycle Sequencing Kit (Life
Technologies, Carlsbad, CA, USA) and the primers from
the IGH Somatic Hypermutation Assay v.2.0 kit
(Invivoscribe Inc.). The International Immunogenetics
Information System web-based software (wiww.imgt.org)
was used to analyze the rearranged IGH sequences. The
entire analysis was repeated twice. In addition, sequenc-
ing was repeated with IGHV family-specific primers.”
Rearranged IGHV sequences of MBL/MSBC and DLBCL
revealed a clonal relationship in 3 of 6 paired samples.
The samples of Patients 1 and 2 showed 94.27% and
94.59% homology to germ-line IGHV genes, respective-
ly. Mutations were similar in paired MBL/MSBC and
DLBCL samples. Patient 1 showed MBL/MSBC with a
CLL immunophenotype (Table 1); the paired DLBCL of
this patient showed an ABC immunophenotype without
CLL immunophenotype. Patient 2 showed a non-CLL-
type MBL/MSBC with a concordant DLBCL-ABC
immunophenotype. Patient 6 showed shared, as well as
divergent, somatic mutations in MBL/MSBC and DLBCL,
with the latter showing more mutations (Table 1). The
MBL/MSBC showed a GCB immunophenotype, as did
the paired DLBCL. The GCB immunophenotype is con-
sistent with the high mutation rate and the presence of
divergent mutations, suggesting on-going mutation.
Histological review of the DLBCL sample did not reveal
concurrent follicular lymphoma, while only one focal
paratrabecular small B-cell aggregate was seen in the BM.

These findings were not diagnostic of concurrent follicu-
lar lymphoma. Parallel development of DLBCL from a
common progenitor cell has previously been demonstrat-
ed for follicular lymphoma.” Patient 6 in our series may
represent a variant of the same process.

Taken together, a common clonal origin of MBL/MSBC
and DLBCL was demonstrated in 3 of 6 cases, and
strongly suggests that a subset of DLBCL may arise from
small precursor cells, with either a CLL, non-CLL or GC
immunophenotype. The former two are associated with
DLBCL-ABC. One case of CLL-like MBL/MSBC, clonally
related to DLBCL-ABC, had also been demonstrated in
our earlier publication.’

IGHV gene usage was either the same or belonged to
the same VH gene family for paired MBL/MSBC and
DLBCL of the 3 cases without clonal relationship.
Whether this indicates that MBL/MSBC and DLBCL arise
through antigen-stimulation with subsequent selection of
VH genes in these cases is an interesting hypothesis, but
one that still needs to be demonstrated. Preferential VH
gene use has previously been demonstrated in DLBCL
and may support this hypothesis."*'® More samples are
currently being collected to study the molecular genetics
of paired MBL/MSBC and DLBCL.

In conclusion, primary DLBCL in a subset of patients is
clonally related to MBL/MSBC, indicating a common pro-
genitor cell.
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