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Plasmablastic lymphoma is an uncommon aggressive non-Hodgkin B-cell lymphoma type defined as a high-
grade large B-cell neoplasm with plasma cell phenotype. Genetic alterations in MYC have been found in a
proportion (~60%) of plasmablastic lymphoma cases and lead to MYC-protein overexpression. Here, we
performed a genetic and expression profile of 36 plasmablastic lymphoma cases and demonstrate that MYC
overexpression is not restricted to MYC-translocated (46%) or MYC-amplified cases (11%). Furthermore, we
demonstrate that recurrent somatic mutations in PRDM1 are found in 50% of plasmablastic lymphoma cases (8 of
16 cases evaluated). These mutations target critical functional domains (PR motif, proline rich domain, acidic
region, and DNA-binding Zn-finger domain) involved in the regulation of different targets such as MYC.
Furthermore, these mutations are found frequently in association with MYC translocations (5 out of 9, 56% of
cases with MYC translocations were PRDM1-mutated), but not restricted to those cases, and lead to expression
of an impaired PRDM1/Blimp1α protein. Our data suggest that PRDM1 mutations in plasmablastic lymphoma do
not impair terminal B-cell differentiation, but contribute to the oncogenicity of MYC, usually disregulated by MYC
translocation or MYC amplification. In conclusion, aberrant coexpression of MYC and PRDM1/Blimp1α owing to
genetic changes is responsible for the phenotype of plasmablastic lymphoma cases.
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Plasmablastic lymphoma is an uncommon aggres-
sive non-Hodgkin B-cell lymphoma type defined as a
high-grade large B-cell neoplasm with plasma cell
phenotype (ie, loss of B-cell antigens with down-
regulation of CD20 and PAX5 expression, and over-
expression of PRDM1/Blimp1 and XBP1s1–4).
Plasmablastic lymphoma was first described as an
entity in 1997 and thought to be a human immuno-
deficiency virus-related lymphoma compromising
the jaw and oral cavity.3 However, in the recent

years, a significant number of studies have demon-
strated its association with other sources of immu-
nodeficiency such as post-transplant setting,
iatrogenic immunosuppression, as well as immuno-
competent states in elderly patients.5–7 EBV infec-
tion, as demonstrated by in situ hybridization for
EBV is found in the majority of the cases, but is not
required for the development of a plasmablastic
phenotype as clear-cut plasmablastic lymphoma can
be found EBV-negative.3,4,8 In addition, recent
evidence suggests that EBV or HIV status does not
influence the gene expression profile patterns of
plasmablastic lymphoma.9

Genetic alterations in MYC have been found in a
proportion (~60%) of plasmablastic lymphoma
cases,10,11 mainly consisting of translocations
involving MYC and Ig. These translocations are not
found in other lymphoma types with immunoblastic/
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plasmablastic phenotype such as ALK+ large B-cell
lymphoma, that may show another cytogenetic
alterations involving MYC but lack MYC
translocations.12 Gene expression analysis of plasma-
blastic lymphoma has found MYC overexpression at
the mRNA level, and this overexpression is correlated
with protein overexpression as detected by
immunohistochemistry.9 Interestingly MYC overeex-
pression as detected by immunohistochemistry
seems not to be restricted to those cases with MYC
translocation by fluorescent in situ hybridization.12,13
All these data suggest that MYC overexpression has a
central role in the pathogenesis of plasmablastic
lymphoma. However, the mechanisms that lead to
MYC overexpression in cases without MYC genetic
translocations are poorly understood.

Blimp1 protein, encoded by PRDM1 gene is a
tumor suppressor gene,14 and is considered the
master regulator of plasma cell differentiation.15
Blimp1 protein is constitutively overexpressed by
immunohistochemistry in the vast majority of plas-
mablastic lymphoma cases, frequently in concert
with XBP1s, another gene involved in terminal B-cell
differentiation.4,16 Recently, gene expression profil-
ing data support the notion that the plasma cell
differentiation program in plasmablastic lymphoma
cases is due, as in normal plasma cells, to down-
regulation of BCR genes, and upregulation of both
Blimp1 and XBP1s.9 Interestingly enough, in normal
plasma cells, Blimp1, serves as a transcriptional
repressor of MYC expression17 and is able to induce
apoptosis by MYC downregulation in different
lymphoma cell lines.17 Conversely, MYC protein is
able to block terminal differentiation in several
hematopoietic cell lines (cited in ref. 17). Thus, a
regulatory loop involving MYC and Blimp1 is critical
for the induction of a terminal differentiation
program and growth arrest in normal B cells.

PRDM1 gene has been found mutated in ~ 8% of
overall diffuse large B-cell lymphoma.18,19 Further-
more, it has been found to be inactivated, either by
mutation or genetic deletion of 6q21-q22.1 locus, in a
significant fraction (23–24%) of ABC-type
DLBCL.14,20 Also transcriptional repression of
PRDM1 by constitutively active translocated BCL6
(ref. 21) has been implicated in a significant fraction
of DLBCL cases (~21%). Other studies have found
genetic mutations of PRDM1 gene in 19% (4 of 21)
primary central nervous system lymphoma asso-
ciated with abrogation of Blimp1-protein
expression.22 Another study found loss of genetic
material at 6q21 in 10 out of 19 (53%) cases of
primary central nervous system lymphoma. How-
ever, sequencing of all exons of the PRDM1 gene
failed to detect any mutations of the second allele in
the tumors with heterozygous deletion of PRDM1
(ref. 23) in that series. Collectively, these studies
show genetic inactivation of PRDM1 in a significant
fraction of ABC-type DLBCL. These studies suggest
that the genetic inactivation of PRDM1 may lead to a
block in terminal B-cell differentiation with

abrogation of Blimp1-protein expression, essential
to the pathogenesis of ABC-type DLBCL.14,24 To date,
however, the mutational genetic landscape of plas-
mablastic lymphoma is essentially unknown.25

Here, we demonstrate that PRDM1 genetic muta-
tions (in particular, missense mutations) are highly
prevalent and recurrent in plasmablastic lymphoma,
and are associated with PRDM1/Blimp1α expression,
MYC translocation, MYC gain, and MYC overexpres-
sion at the mRNA and protein level. Interestingly
enough, these PRDM1 mutations, unlike DLBCL
NOS, are associated with a terminal B-cell differ-
entiation profile, characteristic of plasmablastic
lymphoma cases. Furthermore, PRDM1 mutations
may be considered as a second-genetic hit in a
significant proportion of plasmablastic lymphoma
cases.

Materials and methods

Case Selection

Thirty-six cases diagnosed as plasmablastic lym-
phoma were retrieved from the files of the Pathology
Department of the Hospital Universitario Marqués de
Valdecilla. Formalin-fixed and paraffin-embedded
tissue was available to construct a tissue microarray
with 14 of these cases, following conventional
protocols.26 Whole sections were used in the rest of
the cases to perform the immunohistochemical,
chromogenic in situ hybridization, and fluorescent
in situ hybridization analysis. Clinical data were
retrieved in all cases (see summary in
Supplementary Table 1). The study and sample
collection were approved by the local ethics com-
mittee (CEIC Cantabria) and complies with the
Declaration of Helsinki.

Immunohistochemistry and In situ Hybridization

Immunohistochemical reactions were performed
following conventional automated procedures. Pri-
mary antibodies against CD20 (DAKO, RTU), PAX5
(DAKO, RTU), CD138 (DAKO, RTU), CD38 (Leica,
1:200), IRF4/MUM1 (DAKO, RTU), Blimp1 (CNIO,
1:5), Kappa (DAKO, RTU), Lambda (DAKO, RTU),
BCL6 (DAKO, RTU), BCL2 (DAKO, RTU), CD10
(DAKO, RTU), KI67 (DAKO, RTU), C-MYC (Abcam,
1:50), HHV-8 (Novus Biologicals, 1:10), EBV-LMP1
(DAKO, RTU), CD30 (DAKO, RTU), ALK (DAKO,
RTU), p53 (DAKO, RTU) and p-STAT3 (Millipore
1:100) were used. A uniform threshold of ≥ 5% of the
neoplastic population positive for the marker was
considered to identify a positive case. Immunohis-
tochemical stains were quantified and scored in 10%
increments. Chromogenic in situ hybridization for
EBV-EBERs was carried out. EBV-EBER was con-
sidered positive when ≥10% of the large atypical
cells were positive. Fluorescent in situ hybridization
for the detection of MYC translocation was carried
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out using a Dual Color Break Apart Rearrangement
probe involving the MYC gene region on chromo-
some 8q24 (Abbot Molecular). At least 10% of the
cells were required to be considered as positive for
MYC break apart probes to identify a positive split
signal. At least 15% of cells with extra copies ofMYC
gene were required to identify a case as positive for
gains of MYC gene.

Quantitative RT-PCR

Primers for the quantification of MYC, PRDM1/
Blimp1α, and PRDM1/Blimp1β transcripts were
designed, and RT-PCR was performed in 24 cases
with available RNA from formalin-fixed paraffin-
embedded blocks. The sequence of the primers is as
follows: MYC forward primer GAACCAGAGA
AACCTAACAGTGC, reverse primer CGAAGCAGCT
CTATTTCTGGA; PRDM1/Blimp1α forward primer
GATGGCGGTACTTCGGTTCA, reverse primer CCT
CTTCACTGTTGGTGGCAT; PRDM1/Blimp1β for-
ward primer AAGATCTATTCCAGAGGGGAGCT,
reverse primer ACATAGCGCATCCAGTTGCT.

Next-Generation Sequencing Using Amplicon-Based
Library Generation of MYC-Promoter and PRDM1-
Exonic Regions

DNA was extracted from diagnostic formalin-fixed
paraffin-embedded samples using conventional pro-
tocols. All samples subjected to DNA extraction were
required to have 450% of large atypical cells.

Primers for amplification and sequencing were
designed using ExonPrimer (http://ihg.gsf.de/ihg/
ExonPrimer.html), checked with the USCS Genome
Browser PCR in silico tool, and purchased from
Sigma-Aldrich. A targeted amplification protocol
was applied using primers against the regulatory
regions in MYC gene by Blimp1 (MYC promoter) and
all seven exons of PRDM1 (details available in
Supplementary Table 2). After PCR amplification
using Pfu DNA polymerase (Promega Corporation)
combined with the specific oligonucleotides, 16
cases had amplified products in all targeted regions
of both genes and were available for library
preparation.

Amplicons from MYC and PRDM1 genes were
amplified and indexed as follows: all amplicons
from the same patient were mixed in a tube, 500 ng
of each DNA sample was repaired using NEBNext:
Ultra End Repair/dA Tailing Module kit (Biolabs)
and linked to a pair of adapters, the 3′ and 5′ ends,
respectively. A pair of indexing primers was then
bound to the adapters to allow subsequent identifi-
cation of each sample. DNA was purified with
Agencourt AMPure XP beads (Beckman Coulter),
and 4 ng of each DNA was sequenced by next-
generation sequencing on a MiSeq Personal platform
(Illumina).

Sequencing Data Interpretation and Reporting

Variants were detected using the Somatic Variant
Caller Algorithm from Illumina with default filtering
settings. A summarized list of 63 missense variants
in PRDM1 gene and 54 silent variants in MYC-
promoter region were subjected to individual review
using IGV software (Integrative Genomics Viewer,
Broad Institute).27 Adequate variant coverage (read
depth 42500) and variant fraction ≥ 5% were
considered restrictive criteria to make a call. A total
of 20 gene variants in 8 cases were finally considered
for PRDM1. Thus, 8 out of 16 (50%) cases analyzed
had at least 1 missense mutation in PRDM1-exonic
regions (range 1–6 mutations). Three algorithms
were used to predict the functional consequences
of the variants found, including SIFT (http://sift.bii.
a-star.edu.sg/), Polyphen-2 (http://genetics.bwh.har
vard.edu/pph2/), and Condel (http://bg.upf.edu/
fannsdb/). Also dbSNP (http://www.ncbi.nlm.nih.
gov/SNP/), COSMIC (http://cancer.sanger.ac.uk/cos
mic), and existing literature regarding PRDM1 muta-
tions in DLBCL were considered.14,18–22,28

Ten silent variants were considered in MYC-
promoter region. Of these, 3 were transitions (G4A
and C4T in 2 cases) and were excluded. Thus,
7 silent variants were found in MYC-promoter region
in 5 cases out of 15 finally sequenced (33%;
Supplementary Figure 1).

Results

Plasmablastic Lymphoma is Found in Association with
HIV, Post-Transplant States, Previous Lymphoma, and
Advanced Age

We retrieved 26 males (70%) and 10 females with
plasmablastic lymphoma. Eleven cases (31%) were
known HIV-positive individuals and 16 cases were
negative. Among HIV-negative patients, two of the
cases had a prior history of solid organ/bone marrow
transplantation and three patients had a prior history
of hematolymphoid neoplasm (1 B lymphoblastic
leukemia Phi+ treated with bone marrow transplan-
tation, 1 follicular lymphoma, and 1 chronic
lymphocytic leukemia). Patients with HIV infection
were younger (median, 36 years old; range, 29–57
years old) than patients without any previous history
of immunosuppression (related to transplantation or
previous lymphoma) (median, 66 years old; range,
45–92; t-test P-value for the difference 2.75× 10− 6).
The four patients with a previous history of
immunosuppression/lymphoma had a median age
of 56 years old (range 49–64).

The majority of the cases (25 out of 36, 70%) were
diagnosed at extranodal locations, whereas 11 (30%)
were primarily nodal at diagnosis. Frequent extra-
nodal locations included head and neck region
(10 cases), bone and soft tissues (5 cases), and
gastrointestinal tract (4 cases). For the cases with
available clinical data, the majority were found in
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advanced stage (III and IV, 15/20, 75%) and high
intermediate, high risk International Prognostic
Index (11/18, 61%; Supplementary Tables 1 and 3).

Plasmablastic Lymphoma is Characterized by Large
Blasts with a Phenotype of Plasma Cells, Very High
Proliferative Activity, and Consistent Coexpression of
MYC and Blimp1 proteins

Results of the immunohistochemistry and fluores-
cent in situ hybridization results are shown in
Table 1 and Figure 1. Consistent with the plasma
cell differentiation profile, CD20 was completely
negative in the vast majority of cases with only five
cases with o5% of cells with weak positivity. PAX5,
another B-cell differentiation marker was negative in
all but nine cases, five of which had o5% of cells
with weak positivity. Among plasma cell markers,
MUM1 and Blimp1 showed higher sensitivity than
CD138 and CD38 in the identification of terminal
differentiation (96 and 80% of cases positive for
MUM1 or Blimp1 compared with 61 and 59% for
CD138 and CD38). EBV was found in 58% of the
cases (21 out of 36) by EBV-EBER. EBER was positive
in all 11 cases with HIV-positive status and 10 out of
the rest of 25 cases (40%). Of these 25 cases, 2 out of
4 patients with a prior history of BM/solid organ
transplantation and/or lymphoma were EBV-
positive. Thus, 8 patients without any known
immunodeficiency status were EBV-positive (8 out
of 21, 38%). Interestingly, 8 out of 30 cases studied
showed expression of CD10. Light-chain restriction
was identified in 20 cases by immunohistochemis-
try, with 7 cases showing absence of light-chain
expression (20/27). Of note, HHV-8 was negative in
all cases (0/36) and ALK was negative in all 35 cases
tested. The case that was not tested was an 82-year-
old male with lymphomatous pleural effusion, and

only limited cytological material was available.
Phosphorylated STAT3 protein was found over-
expressed in 82% of the cases (23/28). However,
most of the cases had expression limited to 5–30% of
the neoplastic population (65% of the cases).

MYC protein was overexpressed in all cases tested,
irrespective of translocation status (see later). The
median expression in 35 cases tested was 80%, with
91% of the cases with a percentage of positivity
≥40%. Blimp1 was positive in 28/35 cases (80%).
The median expression of Blimp1 was 100%.
Interestingly, MYC and Blimp1 were coexpressed
in 80% of the cases. Ki67 was homogeneously high
(≥70% in 91% of the cases), concordant with the
MYC overexpression.

Plasmablastic Lymphoma Carry Diverse Cytogenetic
Abnormalities with Translocations, Gains, and
Deletions of MYC Gene, but without Mutations in
MYC-Promoter Region

Fluorescent in situ hybridization analysis was avail-
able in 26 cases. Twelve of these cases (46%) had
MYC translocation. Three additional cases had MYC
gains (11%; Figure 1). One case had MYC deletion in
one allele (case no. 23; Table 1 and Figure 2). EBV
positivity was associated with MYC translocation
and MYC gains (57% of EBV-positive cases were
MYC-translocated/gained vs 20% of EBV-negative,
Po0.05). In relationship with CD10 expression, 5
out of 6 cases (83%) with CD10 expression and
fluorescent in situ hybridization data available had
MYC translocation. These results are in line with
previously published data showing an enrichment of
CD10-positive and MYC-translocated cases in the
immunoblastic variant of DLBCL.29

After targeted amplicon-based deep sequencing of
MYC-promoter region (the genomic region where

Table 1 Summary of phenotype and fluorescent in situ hybridization results

Protein % Cases positive (N cases positive/total number evaluated) Comments

CD20 0% (0/36)* *5 cases weakly positive (o5% of cells)
PAX5 13% (4/31)* *5 cases weakly positive (o5% of cells)
CD138 61% (22/36)
CD38 59% (13/21)
Blimp1 80% (28/35)
k/λ 100% (20/20)* 16 K, 4 λ. *7 cases without detectable light-chain expression
CD10 26% (8/30) 5 out of 6 (83%) cases with CD10 expression and FISH data

avaliable had MYC translocation by FISH
BCL6 16% (4/25)
MUM1 96% (26/27)
C-MYC IHC 100% (35/35) 91% ≥40% of cells positive
C-MYC
FISH

46% (12/26)* *Positive for translocation, three additional cases gains

BCL2 33% (7/21)
ALK 0% (0/35)
HHV-8 0% (0/36)
EBV-EBER 58% (21/36)
EBV-LMP1 6% (1/17)
CD30 29% (7/24)
STAT3-P 82% (23/28)* *65% with 5–30% of cells positive
ki67 91% (31/34)* *≥70% of cells positive

Modern Pathology (2017) 30, 85–94

PRDM1 mutations in plasmablastic lymphoma

88 S Montes-Moreno et al



Figure 1 (a and b) Characteristic phenotypic profile of plasmablastic lymphoma cases with absence of expression of B-cell markers (CD20,
PAX5) and overexpression of plasma cell-related antigens (Blimp1, CD38, and CD138). Note the homogeneous expression of proliferation
markers (Ki67) and MYC protein. Absence of expression of HHV-8 and ALK are required for the exclusion of other lymphoma types. Note
that some cases may express CD10 (Table 1). (c) Fluorescent in situ hybridization for MYC rearrangements using a break apart probe. A
split signal is clearly identified in a significant fraction of the nuclei. This pattern was found in 12 cases (46%). (d) Multiple copies of the
MYC gene are found in a significant fraction of the nuclei, consistent with gains of MYC locus. This pattern was found in 3 cases (11%).
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Blimp1 protein binds to repress MYC expression30),
7 silent variants were found in 5 out of 15 cases
(33%; Supplementary Figure 1).

Plasmablastic Lymphoma Cases Express High Levels of
MYC mRNA Together with Blimp1a mRNA Isoform

Quantitative RT-PCR analysis showed that plasma-
blastic lymphoma cases overexpress homogeneously
MYC mRNA, consistently with protein overexpres-
sion observed with immunohistochemistry. As
Blimp1 clone here used identifies both Blimp1
isoforms (clone ROS195 recognizes a site between
amino acids 176 and 307, unpublished data from G
Roncador, CNIO monoclonal antibody Unit), we
performed RT-PCR to evaluate whether a differential
expression between isoforms occurs in plasmablastic
lymphoma cases. Here, we have found that

plasmablastic cases express high levels of PRDM1α
isoform transcripts and almost negligible amounts of
PRDM1β. In conclusion, Blimp1-protein expression
detected in plasmablastic lymphoma cases is related
to PRDM1α transcripts. Interestingly, enough both
PRDM1α isoform and MYC mRNA are coexpressed
in the majority of cases, consistent with the pattern
found by immunohistochemistry (Figure 2).

PRDM1 Gene is Recurrently Mutated in Plasmablastic
Lymphoma and These Mutations Cooperate with MYC
Dysregulation

Twenty gene variants were identified in 8 cases after
targeted amplicon-based next-generation sequencing
of PRDM1 gene. Thus, 8 out of 16 (50%) cases
analyzed had at least 1 missense variation in
PRDM1-exonic regions (range 1–6 variations). Three

Figure 2 (a) Schematic diagram of PRDM1 gene illustrating the different functional domains and the location of the variants here
identified. Eight out of 16 (50%) cases analyzed had at least one missense variation in PRDM1-exonic regions (range 1–6 variations). Three
of these variations were recurrent, one of these located in the PR region of the gene (c. 843, C4G, D203E) in exon 4, and two involving
exon 5 (c982 G4A, V250M and c1037G4A, R268H). Other variations concentrate in PR (c388 G4T, A52S; c393 G4T, E53D; c683 G4A,
G150D; c768 C4A, N178K), Pro (c1295 G4A, S354N, c1365G4T, L377F), Zn-finger (c2251 C4T, H673Y), and acidic regions in the
N-terminal (c352 G4T, D40Y). (b) Figure showing the coincidence of PRDM1 mutations with other relevant variables such as fluorescent
in situ hybridization for MYC rearrangements, and MYC- and Blimp1-protein expression, EBV positivity by EBER, and immunodeficiency
status. Mutations in PRDM1 were found in 56% of the plasmablastic lymphoma cases with MYC translocations by fluorescent in situ
hybridization, but was not restricted to those cases. MYC and Blimp1 proteins are coexpressed in the majority of the cases (80%),
irrespective of MYC translocation status. (c) Histogram showing the RT-PCR (2− δCt) values for MYC, PRDM1α, and PRDM1β in a subset of
24 cases. MYC transcripts are consistently expressed in the majority of the cases, concomitant to PRDM1α mRNA. PRDM1β mRNA
expression is not detected. Except for one case (*), MYC transcripts have a higher level of expression than PRDM1α transcripts. The
presence of PRDM1 mutations do not abolish the expression of PRDM1α transcripts and low-level expression leads to detectable protein
expression by immunohistochemistry in all but one mutated case (case no. 10, mutated in exon 2, see 2C and Table 2). MYC fluorescent
in situ hybridization: red, translocated; orange, gained; green, deleted; blue, normal; gray, not analyzed. MYC immunohistochemistry,
Blimp1 immunohistochemistry: color scale representation of levels of protein expression by immunohistochemistry (red: 100% positive,
blue: 100% negative). PRDM1 seq: red identifies cases with missense variants in PRDM1 gene. MYC seq*: yellow identifies cases with
silent mutations in the promoter region of MYC gene. EBER: red identifies cases positive for EBV-EBERs chromogenic in situ
hybridization. HIV/ID identifies different immunodeficiency states: red denotes HIV, light orange identifies cases with other sources of
immunodeficiency (post-transplant setting or therapy for previous lymphoproliferative disorder), and blue identifies cases without
identifiable cause for immunodeficiency. Ac, acidic domain; PR, PR domain; Pro, proline rich domain.
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of these variations were recurrent, one of these
located in the PR region of the gene (c. 843, C4G,
D203E) in exon 4 and two involving exon 5 (c982
G4A, V250M and c1037G4A, R268H). Other varia-
tions concentrate in PR (c388 G4T, A52S; c393
G4T, E53D; c683 G4A, G150D; c768 C4A, N178K),
Pro (c1295 G4A, S354N, c1365G4T, L377F), Zn-
finger (c2251 C4T, H673Y), and acidic regions in
the N-terminal (c352 G4T, D40Y). Of all variants
found, eight mutations were considered deleterious
and damaging by at least three different algorithms
used (Polyphen, SIFT, and Condel). See a summary
of the mutations found in Table 2 and Figure 2. No
frameshift in/del or splice-site mutations were
found, probably due, at least partially to the exon-
targeted approach to next-generation sequecing. Two
mutations affecting exon 5 (c982 G4A, V250M and
c1037G4A, R268H) have been confirmed somatic in
cases of urothelial carcinoma (COSM3748876 and
COSM3154292, respectively). Two of these variants
have been previously considered SNPs in the
literature (c1295 G4A, S354N and c. 843, C4G,
D203E)22 and were considered neutral by prediction
algorithms. Another variant (c1058 C4T, 275T/I) is
considered a SNP by dbSNP (rs777939985) and is
considered neutral by prediction algorithms.

Correlation of data from mutational analysis with
fluorescent in situ hybridization for MYC rearrange-
ments, MYC and Blimp1 proteins, and transcript
expression was performed. As shown in Figure 2, all
nine cases with MYC translocation had MYC over-
expression by RT-PCR and immunohistochemistry.
A total of 5 out of these 9 cases had a second-genetic

hit with PRDM1 mutations. All nine cases had
Blimp1-protein overexpression and all except three
had significant expression by RT-PCR of PRDM1α
isoform. Of the five cases with PRDM1 mutations,
two cases had reduced levels of PRDM1α transcript,
suggesting an impaired transcription but detectable
protein levels.

In two cases, MYC gains were detected by
fluorescent in situ hybridization, and correlated with
MYC-protein and transcript overexpression, and
Blimp1-protein expression, in the absence of genetic
mutations in PRDM1. One of these cases had reduced
levels of PRDM1α transcripts. Three out of 5
additional cases had PRDM1 mutations in the
absence of MYC rearrangements (in two cases, MYC
rearrangements were not evaluable and could not be
excluded). Interestingly enough, 1 out of these 5
cases had MYC and Blimp1 proteins, and mRNA
expression associated with MYC deletion by fluor-
escent in situ hybridization and PRDM1 mutations in
PR region in exon 2 (c388 G4T, A52S; c393 G4T,
E53D). c388 G4T, A52S mutation is considered
deleterious by Condel algorithm. Of note, the levels
of transcript expression for both MYC and PRDM1α
were reduced in comparison with the other cases
(Figure 2).

Interestingly, PRDM1 missense mutations are
found as second-genetic hit in a significant fraction
(5 cases, 56%) of plasmablastic lymphoma cases
with MYC translocation, but importantly, are not
restricted to MYC-translocated cases. In three of our
PRDM1-mutated cases, MYC was found to be deleted
(one case) or not analyzed (two cases).

Table 2 Summary of the PRDM1 missense variants and mutations found in 8 out of 16 cases analyzed by targeted exonic next-generation
sequencing

Case ID Location Domain Allele cDNA position Codons AA Change Consequence* Existing variation

1 Exon 5 T 1058 aCa/aTa 275 T/I Missense/neutral dbSNP rs777939985
1 Exon 5 Pro T 1365 ttG/ttT 377 L/F Missense/neutral —

1 Exon 5 A 1037 cGt/cAt 268 R/H Missense/neutral COSM3154292 somatic
9 Exon 4 PR G 843 gaC/gaG 203 D/E Missense/neutral dbSNP rs811925*
10 Exon 2 Ac T 352 Gac/Tac 40 D/Y Missense/deleterious —

13 Exon 4 PR A 683 gGc/gAc 150 G/D Missense/deleterious —

15 Exon 5 A 1037 cGt/cAt 268 R/H Missense/neutral COSM3154292 somatic
16 Exon 4 PR G 843 gaC/gaG 203 D/E Missense/neutral dbSNP rs811925*
16 Exon 5 Pro A 1295 aGc/aAc 354 S/N Missense/neutral dbSNP rs143040512*
16 Exon 7 Zn finger T 2251 Cac/Tac 673 H/Y Missense/deleterious —

16 Exon 5 A 982 Gtg/Atg 250 V/M Missense/deleterious COSM3748876 somatic
17 Exon 5 T 914 aGt/aTt 227 S/I Missense/neutral —

17 Exon 5 A 982 Gtg/Atg 250 V/M Missense/deleterious COSM3748876 somatic
17 Exon 5 A 1072 Ctc/Atc 280 L/I Missense/neutral —

17 Exon 7 T 2675 aAg/aTg 814 K/M Missense/deleterious —

17 Exon 7 A 2708 cCt/cAt 825 P/H Missense/deleterious —

17 Exon 4 PR A 768 aaC/aaA 178 N/K Missense/deleterious —

23 Exon 2 PR T 388 Gct/Tct 52 A/S Missense/neutral —

23 Exon 2 PR T 393 gaG/gaT 53 E/D Missense/neutral —

23 Exon 5 A 953 cCa/cAa 240 P/Q Missense/neutral —

Exonic location, cDNA position, single-nucleotide change observed, and amino acid change predicted, together with predicted consequence using
three different algorithms is shown. In addition, dbSNP and COSMIC id is provided when available. Changes identified with * have been
previously reported in DLBCL samples according to the literature.
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Discussion

Here, we describe a new series of 36 plasmablastic
lymphoma cases. In our series, plasmablastic lym-
phoma cases are grouped in three well-defined
clinical categories: cases associated with HIV infec-
tion, cases associated with other sources of immu-
nosuppression such as post-transplant setting or
immunodeficiency related to treatment for previous
lymphoid malignancy, and cases without a demon-
strable cause of immunodeficiency. Cases with HIV
infection have a significant younger age than patients
in the category without demonstrable immunodefi-
ciency. The median age of patients in the latter
category is 66 years of age. Thus, a significant
proportion of plasmablastic lymphoma cases (20
out of 36 in our series) are age-related and may be
associated with age-related immunodeficiency.
These findings are similar to those reported in a
recently published large series of 61 plasmablastic
lymphoma cases13 and in a large meta-analysis on
the topic.5 Thus, age-related plasmablastic lym-
phoma cases are increasingly recognized in the
literature and in opposition to other lymphoma types
thought to be associated with immunosenescence (ie,
EBV-positive DLBCL NOS, formerly known as EBV-
positive DLBCL of the elderly); plasmablastic lym-
phoma cases are not always associated with EBV
positivity. Limited data in the previously published
series suggest that EBV-negative cases in older
patients have the worse outcome5,13,31,32 encoura-
ging further biological insights on that subgroup of
patients.

Plasmablastic lymphoma cases disclose a pheno-
typical profile consistent with a terminal B-cell
differentiation program, with downregulation of
B-cell markers and overexpression of plasma cell-
associated markers such as CD138, CD38, and
Blimp1. This protein expression profile has been
described extensively in previous papers4 and con-
firms recently published data on the gene expression
profile of plasmablastic lymphoma cases.9 Further-
more, this protein expression profile is common to
other B-cell lymphomas with immunoblastic/plas-
mablastic differentiation such as ALK+ large B-cell
lymphoma.12 However, other proteins found to be
overexpressed in ALK+ large B-cell lymphoma such
as STAT3-P12 have only a limited expression in our
plasmablastic lymphoma cases.

Interestingly, EBV by EBER was found positive in
58% of our cases, similar to other case series
previously published. It is becoming widely
accepted that EBV positivity is not a requirement
for the diagnosis of plasmablastic lymphoma.
Furthermore, recently published gene expression
profiling data suggest that the transcriptomic profile
of plasmablastic lymphoma cases is not affected by
either EBV presence or HIV infection by the patient,9

consistent with the notion that both HIV-associated,
immunodeficiency-associated, and age-related

plasmablastic lymphoma cases are defined by the
same phenotype in the neoplastic cells.

Regarding Blimp1 expression, we have further
clarified that in plasmablastic lymphoma cases,
Blimp1-protein expression is related to PRDM1α
full-length transcripts. In our subset of 24 samples
studied by RT-PCR, we found virtually undetectable
levels of PRDM1β transcripts. These data suggest that
plasmablastic lymphoma cases usually express the
full-length protein, unlike myeloma cell lines (U266
and NCI-H929)33 and OCI-Ly3 DLBCL cell line that
aberrantly express the defective PRDM1β isoform.34

MYC translocation is the main cytogenetic
abnormality that we found in our cases, together
with MYC gains. These data are consistent with
previous results in the literature showing the
presence of MYC translocations and gains in plas-
mablastic lymphoma cases.10–12 However, to the best
of our knowledge, this is the first time that MYC
deletion is reported in a case of plasmablastic
lymphoma. Interestingly enough, plasmablastic lym-
phoma cases usually lack concomitant translocations
in BCL2 and BCL6, not qualifying for double-hit
B-cell lymphoma as conventionally recognized.10,35,36
A single case report has demonstrated concomitant
presence of BCL2 and MYC translocation in a case of
plasmablastic-like transformation from low-grade
follicular lymphoma.37

We have found in all our 36 cases overexpression
of MYC protein. This overexpression is homoge-
neous and involves the majority of the neoplastic
cells in the majority of the cases (91% of the cases
had 440% of positive cells) in concordance with the
MYC transcript levels found in the subset of 24 cases
studied by RT-PCR. The overexpression of MYC
protein is found in both MYC-translocated and
-amplified cases (12 and 3 cases, respectively), as
well as cases with deletion of MYC (1 case) or
absence of MYC gene abnormalities by fluorescent
in situ hybridization (10 cases). These data are in
agreement with recently published data that suggest
that MYC-protein overexpression in plasmablastic
lymphoma is the rule, irrespective of the presence of
translocations or other genetic alterations in MYC
gene.9,12,13 In a proportion of cases, MYC dysregula-
tion might be related to MYC translocation or gain
(46% in our series), but this leaves around 50% of
the cases without a clear biological basis for MYC
overexpression.

Interestingly, we have found coexpression of MYC
and Blimp1 proteins in 80% of our cases. This
pattern of coexpression is also found at the mRNA
level regarding MYC and PRDM1α transcripts
(Figure 2). This pattern of coexpression of MYC
and Blimp1 is highly unexpected based on pre-
viously published knowledge on the regulation of
MYC expression by Blimp1 in normal plasma
cells.15,17,30 This led us to investigate whether
mutations in MYC promoter and/or PRDM1 gene
may explain the coexpression of MYC and Blimp1.
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Our data show that recurrent missense mutations
in PRDM1 gene are common in plasmablastic
lymphoma cases (50% of cases in our series).
PRDM1-mutation pattern is consistent with the
observed in other tumor suppressor genes, with
multiple mutations along the gene, clustered in the
half N-terminal portion of the protein in this case.
Furthermore, PRDM1 mutations target critical func-
tional domains (PR motif, proline rich domain,
acidic region, and DNA-binding Zn-finger domain)
involved in the regulation of targets such as MYC,30
CIITA,38 and PAX5.39 Interestingly enough, in
plasmablastic lymphoma cases, unlike DLBCL lym-
phoma cases,21 these mutations do not abolish
PRDM1α transcript and protein expression, and this
may explain why the cases show the characteristic
plasma cell phenotype.

Thus, PRDM1 mutations might impair the regula-
tory functions of PRDM1 gene without affecting its
terminal B-cell differentiation-related functions. This
differential effect might be related to the character-
istic pattern of mutations along PRDM1 gene,
affecting regions involved in target-gene repression
such as PR domain. These effects recapitulate the
phenotype observed by the expression of the
PRDM1β isoform, with limited capacity to repress
target genes but conserved DNA-binding activity,
nuclear localization, and association with histone
deacetylases and deacetylase activity.33 However,
our RT-PCR data clearly demonstrate that PRDM1β is
not expressed in our cases and only full-length
PRDM1α transcripts are found. These data collec-
tively imply that PRDM1α transcripts might be
functionally impaired by the missense mutations
here found, affecting exclusively the regulatory
functions of PRDM1 gene.

To the best of our knowledge, this is the first time
that somatic mutations in PRDM1 gene have been
described in plasmablastic lymphoma cases.
Furthermore, this is the first gene known to be
affected by somatic mutations in these uncommon
B-cell lymphoma entity.

Previous reports have described a variety of
PRDM1 mutations in a significant fraction of con-
ventional DLBCL and primary central nervous
system lymphoma cases.14,20–22,28 These mutations
are common in ABC-type DLBCL, and together with
PRDM1 deletion lead to inactivation of the gene and
downregulation of the protein expression.21,22 These
studies suggest that the genetic inactivation of
PRDM1 may lead to a block in terminal B-cell
differentiation, essential to the pathogenesis of
ABC-type DLBCL.21

In plasmablastic lymphoma cases, however, our
data suggest that PRDM1 mutations do not impair
terminal B-cell differentiation, but may contribute to
the oncogenicity of MYC, usually dysregulated by
MYC translocation or MYC amplification. PRDM1
mutation may serve as a second-genetic hit, in a
tumor suppressor gene that synergizes with MYC
owing to the impaired MYC-regulatory capacity of

PRDM1 mutants.30 In conclusion, aberrant coexpres-
sion of MYC and PRDM1α owing to the genetic
changes is responsible for the phenotype of plasma-
blastic lymphoma cases.
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