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Agent myeloma has a new
weapon from (ch1)Q
Timothy M. Schmidt1 and Lawrence H. Boise2 | 1University of Wisconsin;
2Emory University

In this issue of Blood, Trasanidis et al1 use a multiomics analysis to
define a novel transcriptional network that is important in driving the
poor outcomes associated with amplification of chromosome 1q in multiple
myeloma.

In the Ian Fleming books and the movies
based on these books, Agent 007 is
equipped with amazing gadgets designed
by the Q Branch to help him fight ene-
mies or to make improbable escapes
from their clutches (the Lotus Esprit sub-
marine from The Spy Who Loved Me is a
favorite!). Like James Bond, multiple mye-
loma uses weapons such as dysregulation
of oncogenes, cell survival pathways, and
hijacking the bone marrow microenviron-
ment to initiate tumor growth, as well as
escape the initial immune responses to
disease and survive the stresses of ther-
apy. Dysregulation of these pathways is
driven by genomic alterations, including
translocations, point mutations, and copy

number variations.2 Of these, one of the
most common changes is gain of the long
arm of chromosome 1 (11q) which is
observed in �40% of patients with newly
diagnosed multiple myeloma and has
been associated with poor outcomes, par-
ticularly when amplification (amp) of 1q
occurs, designating the presence of 4 or
more total copies of 1q.3 Because of the
size of the region and the number of
genes encoded on 1q (.2200) and
because many of these genes have known
roles in myeloma pathogenesis (eg, IL6R,
MCL1), growth control (eg, CKS1B), and
altered gene expression (eg, ADAR1), the
identification of a specific driver of poor
outcomes in multiple myeloma has

remained a challenge. Moreover, much of
the focus has been on 1q21, despite
amplification of the whole chromosome
arm. Thus, the goal of the current study
was to take a multiomics approach to
identifying genes on 1q that are potential
drivers in 11q multiple myeloma.

To achieve this goal, Trasanidis et al ana-
lyzed copy number data from the MMRF
CoMMpass trial (registered on www.
clinicaltrials.gov, as #NCT01454297) to
determine areas that were co-amplified
and then applied a computational method
used for defining topologically associated
domains (TADs), they identified 4
regions of genomic co-amplification,
which they refer to as topologically
co-amplified domains (TCDs). When com-
paring the TCDs to the TADs that were
previously identified in human myeloma
cell lines,4 they found borders of the
regions to be similar; however, they dif-
fered from the TADs identified in normal
B cells, suggesting that amplification
resulted in a reorganization of the geno-
mic architecture of the region. They then
applied genomic, transcriptomic, and epi-
genomic data as well as outcome data to
identify which of the .2200 genes on 1q
could be drivers of poor outcomes and
determined that 103 genes met their crite-
ria of expression and outcome and were
found in the 4 TCDs (primarily B1 and B4).
Of these genes, many have been identi-
fied and are found on 1q21 (eg, MCL1,
CKS1B, ILF2, and ARNT); however, when
corrected for gene density, 1q23.3 had
the highest association with outcome.
Therefore, they focused on the gene with
the highest activation signal (H3K27ac) in
this region, the transcription factor PBX1.

PBX1 is a homeobox domain transcription
factor that was first identified as a compo-
nent of t(1;19) found in pre–B-cell acute
lymphocytic leukemia and results in an
E2A-PBX1 fusion product. Subsequent
studies demonstrated that PBX1 plays
an important role in driving developmental
programs including self-renewal.5 Through
functional characterization, Trasanidis et al

amp 1q  

PBX1

Enhancer

Promoter

Proliferation 

Drug resistance 

PBX1
FOXM1
E2F1/2

1q23.3 

T417 

PBX1 is upregulated by amp1q and activates a transcriptional network that results in increased proliferation
and drug resistance in multiple myeloma.
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showed that PBX1 was both necessary
and sufficient to drive myeloma prolifera-
tion, and analyses of transcriptomics and
chromatin binding demonstrated a net-
work of genes that are regulated by PBX1
binding to promoters and enhancers. This
network includes the additional transcrip-
tion factors FOXM1 and E2F1/2, which
regulate the cell cycle, as well as its own
transcription (see figure). These data are
consistent with the findings that prolifera-
tion is a significant contributor to poor
outcomes in myeloma.6 FOXM1 is also a
transcriptional regulator of NEK2, a gene
that has been associated with drug resis-
tance and poor outcomes,7 and it is also
downregulated upon silencing of FOXM1
or PBX1.

Although identifying a network of genes
that drive myeloma proliferation is impor-
tant from a prognostic standpoint, devel-
oping therapies to target these networks
could have a significant impact on
patient outcomes. In fact, therapeutic tar-
geting of the dysregulated cell prolifera-
tion pathways is a major unmet need in
multiple myeloma, for which the most
effective therapies target normal plasma
cell biology rather than the genomic
aberrations that drive progression.8 Tar-
geting of such pathways will become a
critical area of therapeutic development
in myeloma, particularly for patients with
biologically aggressive disease that is
less sensitive to standard therapies,
including those with amp1q. Trasanidis
et al use an inhibitor of FOXM1 and a
novel PBX1 inhibitor that they recently
developed9 and demonstrate that phar-
macological inhibition of this pathway
can inhibit myeloma growth/survival both
in vitro and in vivo. Importantly, the activ-
ity of the PBX1 inhibitor appears to be
dependent on the presence of 11q.
Moreover, this compound’s activity is not
limited to myeloma, as cells from several
solid tumors that harbor 1q gains are
also sensitive. This fact suggests that the
transcriptional remodeling associated
with 11q that occurs in myeloma very
likely occurs in other tumors with this
copy number alteration. Although the
PBX1 inhibitor is in early stages of devel-
opment, it offers a promising opportunity
to neutralize and target a key regulator
of proliferation in 11q myeloma and
other cancers, as well as to sensitize
tumors to other therapies. One is left to
wonder whether this could also include
newer immunotherapeutic approaches,
as the genes that are repressed by PBX1

are associated with interferon responses.
It is also important to investigate whether
the context of 1q copy number (gain vs
amp) and/or co-occurring cytogenetic
abnormalities such as t(4;14), which are
known to influence outcomes among
patients with 11q,10 affect myeloma
cells’ susceptibility to inhibition of this
pathway. PBX1 appears to be one of the
most active genomic “gadgets” yet to
be discovered in the (ch1)Q branch,
and perhaps a double agent has left the
door open for targeted therapy in 11q
myeloma.
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Always be prepared
for success
Jason Westin | The University of Texas MD Anderson Cancer Center

In this issue of Blood, Ward et al1 report the promising efficacy and manage-
able toxicity profile from an investigator-initiated phase 1 trial combining
brentuximab vedotin and lenalidomide in patients with relapsed or refractory
diffuse large B-cell lymphoma (DLBCL) who had received or were ineligible
for autologous stem cell transplantation (ASCT).

For patients with relapsed or refractory
DLBCL, second-line treatment algorithms
have historically categorized patients
based on their fitness for potential high-
dose chemotherapy and ASCT, or, to
state this more succinctly, either curative
or palliative intent. Patients who were inel-
igible for or relapsed after ASCT poten-
tially benefit from additional therapy;
however, results were often transient and
toxic. Thankfully, this paradigm is shifting.

Brentuximab vedotin, an antibody drug
conjugate targeting CD30, and lenalido-
mide, an immunomodulatory drug tar-
geting cereblon, are both Food and
Drug Administration approved for various
hematologic malignancies. As single-
agent therapy for patients with relapsed
DLBCL, both drugs have resulted in
modest efficacy, with brentuximab vedo-
tin achieving an overall response rate
(ORR) of 44% and complete response
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