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MYC needs MNT to drive
B cells over the edge
Siegfried Janz | Medical College of Wisconsin

MNT is a member of the MYC transcription factor network of proteins1 that
must heterodimerize with MYC-associated factor X, or MAX for short, to bind
certain DNA recognition motifs in gene promoters that regulate gene ex-
pression. Because many target genes that are activated by MYC:MAX dimers
are repressed by MNT:MAX dimers, MNT is considered a transcriptional
antagonist of MYC.2 However, the interaction of MNT and MYC goes further,
beyond transcriptional antagonism, and governs a multitude of develop-
mental pathways and cell fate decisions that includeMNT’s ability to fortify or
weaken MYC’s oncogenic potential depending on cell type and biological
context.2 Previous work by Cory’s group pointed to a synergistic interaction
of MYC and MNT in neoplastic B-cell development,3 but the underlying
mechanism remained unclear. In this issue of Blood, Nguyen et al4 have now
addressed this knowledge gap with a follow-up study that identified MNT
as a promising molecular target for the treatment and prevention of MYC-
dependent B-cell neoplasms such as non-Hodgkin lymphoma and multiple
myeloma. This is significant because at this juncture aberrant MYC expression
stubbornly resists any attempt at therapeutic targeting.

Recognizing that mechanistic studies on
oncogenesis are difficult to pursue in
human beings, Nguyen et al decided to
use lymphoma-prone EmMyc mice to
evaluate MNT’s impact on tumor devel-
opment. EmMyc is a transgenic mouse
model of human B-lymphoma driven by
constitutive, deregulated expression of
MYC consequent to Burkitt lymphoma
t(8;14)(q24;q32) translocation.5 The EmMyc
model has many strengths, including
spontaneous development of malignant
B-cell tumors with high incidence and
relatively short onset. Additionally, EmMyc
readily lends itself to additional genetic
modification (eg, by crossing in inducible
mutant alleles that can be activated in in-
dividual cell lineages including B lym-
phocytes). Nguyen et al took advantage of
these features to generate EmMyc mice
that harbored MNT-deficient B cells. They

found that these mice exhibited a greatly
reduced incidence of lymphoma com-
pared with controls containing MNT-
proficient B cells.

The mechanism by which loss of MNT
inhibits lymphoma is complex; nonethe-
less, Nguyen et al managed to attribute
a crucial part of it to MNT-dependent
downregulation of pro-apoptotic BIM. This
is schematically depicted in the figure
and explained in greater depth in the
figure legend. The bottom line is that
the propensity of MYC to induce pro-
grammed cell death (apoptosis) in B cells
is normally tempered by MNT, enabling
tumor precursors in the EmMyc to survive
long enough to pick up the additional
changes required for lymphoma develop-
ment (see figure). MNT-deficient B cells,
however, do not enjoy protection by MNT

from MYC-dependent apoptosis. This
leads to a markedly decreased pop-
ulation of tumor precursors in EmMyc
mice and greatly reduced, if not abro-
gated, lymphoma development (see
figure). Importantly, Nguyen et al also
demonstrated that induced deletion of
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The development and maintenance of MYC-driven
B-cell lymphoma in laboratory mice requires sup-
pression of MYC-dependent apoptosis by MNT. The
new findings firmly establish MNT as an oncogenic
collaborator of MYC in neoplastic B-cell development.
The underlying mechanism relies on MYC-dependent
downregulation of BIM10 (eg, BCL-2 like 11 [BCL2L11],
a member of the apoptosis-initiating family of BH3-
only proteins that also includes BID [BH3 interacting
domain death agonist], and PUMA [BCL2 binding
component 3 or BBC3]). BIM is a negative regulator of
survival-enhancing BCL2 (BCL2 apoptosis regulator)
family proteins that also include MCL1 (MCL1 apo-
ptosis regulator) and BCL-XL (eg, BCL2 like 1, BCL2L1)
and prevent activation of pro-apoptotic effectors BAX
(BCL2-associated X) and BAK (eg, BCL2 antagonist/
killer 1 or BAK1). Low BIM expression in the presence
of MNT (indicated by thin arrow at the top left) results
in upregulation of BCL2 proteins supporting B-cell
survival by keeping BAX and BAK in an inactive state.
Enhanced survival sets the stage for malignant growth
driven by MYC because it buys tumor precursors time
to pick up the secondary (epi)genetic changes re-
quired for full malignant cell transformation (vertical
pathway on the left). In the absence of MNT, because
of genetic knockout targeted to B lymphocytes, MYC-
dependent activation of BIM is unrestrained (depicted
by thick arrow, top right), which leads to high levels of
BIM, strong suppression of BCL2 proteins and exe-
cution of programmed cell death via activation of
BAX and BAK. In this circumstance, the pool of tumor
precursors containing active MYC is unable to expand
and lymphoma development is essentially abrogated
(vertical pathway on the right).
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MNT in established, transplantable lym-
phoma cells significantly extended survival
of recipient mice, resulting in a functional
cure in 2 cases. Based on the critical role
of MNT in both development and main-
tenance of lymphoma, the investigators
propose that inhibition of MNT, perhaps
with the help of nifty, targeteddegradation
approaches that are currently emerging,6

provides a new strategy to treat and pre-
vent MYC-driven B-lymphoma.

The discovery that MNT synergizes with
MYC in B-lymphoma adds to a long list of
accomplishments of Cory’s group, which
has been at the forefront of this field
for decades. Beginning with the gener-
ation of EmMyc mice in the early 1980s5

and the detection of BCL2’s survival-
enhancing activity shortly thereafter,7

they were first to show thatmutations that
mitigate MYC’s pro-apoptotic function
collaborate very efficiently with deregu-
lated MYC expression in neoplastic de-
velopment. This early insight opened
the door to a remarkable sequence of
mechanistic and clinical studies carried
out by Cory and others that culminated in
2016 in the US Food and Drug Admin-
istration approval of the BH3-mimetic
BCL2 inhibitor, venetoclax, for treat-
ment of chronic lymphocytic leukemia.
The recognition of MNT’s oncogenic
role in B cells is also significant from a
conceptual point of view because it pro-
vides an instructive example of a Janus-
faced, dually functioning cancer gene that
promotes or inhibits neoplastic growth
depending on context. Indeed, in mouse
models of T-cell lymphoma8 and human
blood cancers such as Sezary syndrome
and chronic lymphocytic leukemia,2 MNT
appears to function as a tumor suppres-
sor, just like in the great majority of
solid cancers. To illustrate the latter point,
MNT is deleted in as many as 10% of
cases in The Cancer Genome Atlas dataset
(n 5 9000), which contains many tumors
harboring amplified MYC (21%).9 MNT’s
oncogenic function in B-cell lymphoma
seems to be the exception to the rule,
probably because the combined pro-
apoptotic impact of deregulated MYC
and loss of MNT overrides the individual
tumor-promoting activity of these changes
in B cells.

In summary, Nguyen et al demonstrated
that MNT promotes MYC-driven B-cell tu-
mors using a mechanism that relies in large
measure on downregulation of BIM. The
new finding furthers our understanding

of MNT’s dual function as oncoprotein
or tumor suppressor, depending on con-
text, and identifies MNT as a therapeu-
tic target in MYC-dependent B-lineage
tumors.
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Are all splicing mutations
the same?
Teresa V. Bowman and Charles C. Query | Albert Einstein College of Medicine

In this issue of Blood, Pangallo et al compare the changes in splicing outcome
in patients with rare mutations in splicing factors U2AF1 and SRSF2 to the
changes due to common hotspot mutations. Many of these rare mutations
phenocopy the common ones, suggesting that they have been evolutionarily
selected to alter splicing and drive pathogenicity by similar mechanisms.1

Mutations in splicing factors are among
the most prevalent mutations in myelo-
dysplastic syndromes (MDSs) and acute
myeloid leukemia (AML).2,3 There are as
many as 300 proteins and 5 small RNAs
associated with the spliceosome,4 yet only
a handful are mutated in myeloid malig-
nancies. In particular, the bulk of splicing
factor mutations are found in 3 factors:
SF3B1, SRSF2, and U2AF1.2,3 Addition-
ally, within these factors, mutations are
commonly found in hotspots resulting in
changes to only 1 or 2 aa.

Initially, it was hypothesized that the splicing
factor mutations would converge on com-
mon mechanisms to alter splicing and drive

disease. Extensive molecular characteriza-
tions over the past several years revealed
that splicing changes are factor specific.5

For U2AF1, which has 2 major hotspot
alterations, S34F and Q157R, the splicing
changes were even mutation specific.6

These findings suggest that not all muta-
tions lead to the same outcome. Pangallo
et al further explored this question by
testing whether rare, nonhotspot muta-
tions in SRSF2 and U2AF1 elicited the
same or distinct splicing changes. They
found that some mirrored hotspot changes,
whereas others did not.

To explore the impact of rare mutations
on splicing, Pangallo et al performed and

978 blood® 26 MARCH 2020 | VOLUME 135, NUMBER 13

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/135/13/977/1720172/bloodbld2019004766c.pdf by guest on 20 M

ay 2024

https://doi.org/10.1182/blood.2019004766
http://www.bloodjournal.org/content/135/13/1032
http://www.bloodjournal.org/content/135/13/1032

