CASE REPORTS

Molecular analysis of a CD19-negative diffuse large
B-cell lymphoma

CD19 is widely used as a marker of B-cell lineage
because it is expressed as early as the pre-B stage and
repressed only during terminal differentiation into plas-
ma cells." This transmembrane glycoprotein is an essen-
tial co-receptor of the B-cell receptor (BCR),”> although it
can also be activated in a BCR-independent manner.’ The
deleterious consequences of CD19 inactivation on B-cell
development, described both in murine models and in
human diseases," are explained by the potential of CD19
to activate pro-survival pathways transduced by phos-
phatidylinositol-3-kinase (PI3K) or kinases from the Src
family. Accordingly, the expression of CD19 is highly
conserved in B-cell neoplasms, except in those derived
from terminally differentiated cells such as plasmablastic
lymphoma and multiple myeloma.® Of note, CD19 has
become a therapeutic target for bispecific antibodies (bli-
natumomab) or chimeric antigen receptor (CAR) T cells
in B-cell malignancies.”

We report the case of a patient diagnosed with diffuse
large B-cell lymphoma (DLBCL) that did not express
CD19 as assessed by flow cytometry and describe the
molecular mechanisms that explain this exceptional
observation.

A 76-year-old woman was hospitalized for asthenia,

persistent fever, and night sweats. Physical examination
was normal except for massive splenomegaly (craniocau-
dal length of 20 cm on CT-scan). Analysis of blood and
bone marrow aspiration smears detected around 20%
atypical lymphoid cells with uncondensed chromatin,
visible nucleoli in some cells, and moderately basophilic
cytoplasm (Figure 1A). On immunophenotyping these
cells strongly expressed CD45 together with B-cell differ-
entiation markers (CD20, CD79b, and CD22) and
showed a monotypic kappa light chain expression.
However, they were negative for the CD19 antigen,
whereas the residual normal B-cells were CD19 positive,
as expected (Figure 1B). The lymphoma cells expressed
MUMI, but no marker of plasma cell differentiation
(CD38, CD138), and they did not express the ALK pro-
tein. A bone marrow biopsy confirmed the diagnosis of
diffuse large B-cell lymphoma (Figure 1C) of the activat-
ed-B-cell subtype as assessed by reverse transcription
multiplex ligation-dependent probe amplification.®
Additional cytogenetic analysis by fluorescent in situ
hybridization on paraffin-embedded sections showed an
additional 3q27 locus (BCL6) and did not identify
rearrangements of ¢VYC, BCL2 or CCND1 loci.
According to the international prognostic index, this
patient was at clinical stage 5 (elevated LDH (840 IU, nor-
mal range (240-480), ECOG status = 3, age above 60,
extra-nodal involvement (bone marrow), stage IV). HIV
serology was negative. She was treated with 8 R-CHOP
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Figure 1. Diagnosis of a CD19-negative DLBCL. (A) Lymphoma cells in bone marrow smears (MGG staining, xX500 magnification). (B) Flow cytometry analysis
of the lymphoma cells (red dots) and residual normal B-cells (blue dots) in the blood, after staining of CD19 and CD20 (left) and kappa and lambda light chains
(right). (C) Bone marrow biopsy showing infiltration by the DLBCL (left panel: hematoxylin eosin saffron staining, x20 maghnification, right panel, CD20 staining,

x40 magnification).
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associated with intrathecal methotrexate prophylaxis.
PET scan showed complete metabolic remission after 4
cycles and this finding was confirmed at the end of the
treatment (6-month follow up).

In order to understand the unexpected negative results
for CD19 expression, lymphoma cells were purified by
CD20 cell sorting (RoboSep™, StemCell Technologies,
Vancouver, Canada). Comparative genomic hybridiza-
tion with single nucleotide polymorphism array
(SurePrint G3 Cancer CGH+SNP Microarray Kit, 4x180K,
Agilent, Santa Clara, CA, USA) found an uniparental dis-
omy involving the short arm of chromosome 16, which
encompasses the locus coding for CD19 (16p11.2; Figure
2A). Sanger sequencing of the CD19 gene performed on
germline DNA (CD20-negative fraction) did not find any
abnormalities, whereas a homozygous splice mutation
(c.560-1G>C, NM_001178098.1) was detected in the
lymphoma cells (Figure 2B). In order to evaluate the tran-
scriptional consequences of this mutation in the acceptor
site of intron 3 (between exons 3 and 4), we extracted
RNA from the FFPE bone marrow biopsy after DNAse
digestion (Maxwell 16 Lev RNA FFPE kit (Promega)). We
performed reverse transcription followed by polymerase
chain reaction with a forward primer on exon 3
(GACAGCCTGAACCAGAGCCT) and reverse primer on
exon 4 (CTAGGCTCAGCAATGACTTAG). PCR condi-
tions were: initial denaturation (94°C, 2 min), 35 cycles
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of denaturation (94°C, 30 sec), hybridization (60°C, 30
sec) and elongation (72°C, 30 sec), and a final step of 2
min at 72°C. Patient’s amplicon size was larger than that
found from a control sample (Figure 2C), and we con-
firmed by Sanger sequencing that this was due to the
retention of intron 3. Importantly, genomic DNA con-
tamination was ruled out because this band was not
observed when the PCR was done on mRNA, performing
the reverse transcription step without reverse transcrip-
tase. As a consequence, a premature stop codon occurs
23 amino-acids later, which explains the absence of
CD19 expression in this case of DLBCL (Figure 2D). It
should be noted that we only assessed CD19 expression
at the membrane surface, thus we cannot rule out intra-
cellular expression of a truncated CD19 protein which
could activate signaling pathways.

As CD19 transduces pro-survival signals, the observa-
tion of a DLBCL displaying loss of CD19 expression at
the time of diagnosis is unexpected. CD19 negativity is
usual in plasmablastic lymphomas that are derived from
B-cells committed to plasmacytic differentiation.
However, the whole phenotypic profile of these lym-
phomas reflects this stage of differentiation, with expres-
sion of plasma cell markers (such as CD138 or CD38) and
loss of expression of all B-cell markers such as CD20 and
CD19°. The patient described here did not express any
plasma cell markers, and did not repress the other B-cell
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Figure 2. Molecular mechanisms of CD19 inactivation. (A) Single-nucleotide polymorphism analysis showing a uniparental disomy of the short arm of chromo-
some 16. (B) Sanger sequencing of the CD19 gene showing no abnormality in the germline material (left) and a homozygous mutation of the splice acceptor
site of intron 3 (¢.560-1G>C, NM_001178098.1) in the DLBCL cells (right). (C) Polymerase chain reaction analysis using primers on exons 3 and 4 of CD19,
showing the same amplicon size in genomic DNA and in ¢cDNA from the DLBCL diagnosis sample because of retention of intron 3. Note that no amplification
occurs when using a non-reverse-transcribed RNA matrix, thus ruling out genomic DNA contamination. The cDNA from a control patient (CTR) with CD19-positive
DLBCL shows a smaller amplicon because the intron 3 was spliced. A schematic representation of the experiment is provided (right). (D) Schematic overview of
the molecular mechanisms explaining this CD19-negative DLBCL. Note that we did not rule out intracellular expression of CD19 (right panel, bottom).
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markers such as CD20 or CD79b, thus ruling out a diag-
nosis of plasmablastic lymphoma. Loss of B-cell markers
has also been described in ALK-positive DLBCL, but the
case described here was negative for ALK protein.
Regarding DLBCL, some cases have been described as
CD19 negative using immunohistochemistry,”"! but this
was not confirmed by flow cytometry, which is more
sensitive.”

To the best of our knowledge, this case is the first
report of DLBCL with complete loss of CD19 expression
at diagnosis, as demonstrated by flow cytometry, which
is the most sensitive technique. This observation is
explained by an acquired splice mutation in the CD19
gene, followed by an acquired uniparental disomy, lead-
ing to homozygous intron retention and a premature stop
codon. Loss of expression of CD19 and other B-cell
markers has been described in a case of high grade lym-
phoid neoplasm with features intermediate between
DLBCL and acute lymphoblastic leukemia (TdT-positive)
with a t(8;14) translocation involving ¢MYC." The emer-
gence of subclones with splice mutations of CD19 has
been reported in acute lymphoblastic leukemias treated
with CAR-T cells targeting CD19, although the mutation
referred to this report was never specified.” In these
cases, the CD19-negative subclones present a competi-
tive advantage under the strong selective pressure exert-
ed by the therapeutic intervention. It is therefore intrigu-
ing to observe this genetic inactivation in the absence of
any therapeutic selective pressure.

The absence of CD19 expression in DLBCL is a diag-
nostic pitfall, because this antigen is widely used to gate
the B cells for flow cytometry analysis'*. More important-
ly, our observation suggests that it could be important in
cases of DLBCL to evaluate the expression of CD19
when a targeted therapy (e.g., CAR-T cells) is considered,
in order to detect those rare CD19-negative cases that are
unlikely to benefit from therapies targeting CD19.
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