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IN THE SPOTLIGHT

Adenoid Cystic Carcinoma Can Be Driven by MYB or MYBL1
Rearrangements: New Insights into MYB and Tumor Biology
Thomas J. Gonda1 and Robert G. Ramsay2
Summary: A majority of adenoid cystic carcinomas (AdCC)—rare tumors of the salivary gland and some other
organs—have recently been found to be driven by chromosomal translocations resulting in MYB–NFIB fusions.
Brayer and colleagues and Mitani and colleagues have now reported that AdCCs can alternatively be driven by
similar rearrangements involving a second MYB family gene, MYBL1, and that these two drivers act in remarkably similar ways. Cancer Discov; 6(2); 125–7. ©2016 AACR.
See related article by Brayer et al., p. 176 (3).

Recent reports of gene fusions between MYB (a.k.a. c-MYB)
and NFIB in a rare tumor of the salivary gland or breast called
adenoid cystic carcinoma (AdCC) have provided new impetus
to understand the protumorigenic actions of the transcription factor MYB. Yet, as in many areas of research endeavor, it
can be the explorations of cases that do not ﬁt into the general
picture that are equally revealing. MYB–NFIB gene fusions
generated by recurrent t(6;9) translocations account for the
majority of AdCC cases (1, 2), and because the genomes of
these tumors are by most standards minimally scrambled,
the ﬁeld has cautiously accepted that these tumors are MYB
driven. This in turn has broadened the acceptance that MYB
is a bona ﬁde human oncogene.
However, such fusions are not universal in AdCC even if
MYB protein expression remains robust, raising the prospect
that other mechanisms and/or MYB fusion partners might be
involved. To make matters more complicated, high MYB protein
expression in AdCC is not universal either. Two new studies, one
from Brayer and colleagues (3) and another from Mitani and colleagues (4), shine a light on why this might be the case.
By using the different technological approaches of RNAseq from parafﬁn-embedded AdCC blocks (3) or whole
genomic sequencing of fresh-frozen tumor samples (4), these
two groups’ ﬁndings converged on the discovery that MYBL1
gene fusions, also frequently involving NFIB, are a recurrent feature of this cancer in cases where MYB is clearly not
involved (Fig. 1, top). MYBL1 (a.k.a. A-MYB) has restricted
expression in normal tissues, most notably T cells, testis, and,
interestingly, from the perspective of AdCC of the breast, the
developing mammary gland. The third MYB family member,
MYBL2 (a.k.a. B-MYB), is arguably the most ubiquitously
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expressed and is primarily involved in cell-cycle progression.
To date, MYBL2 fusions have not been reported in AdCC or
other tumors.
Of the three family members, aberrant MYB stands apart
as being, until recently, the only one with clear oncogenic
activity. This has been extensively reviewed elsewhere but
can be traced back to MYB’s origins as a retroviral oncogene, a locus rearranged in various hematopoietic malignancies of animals and humans, and a critical contributor
to common human epithelial cancers of the colon and
breast (5). However, recent studies of pediatric low-grade
gliomas (e.g., ref. 6) provided the ﬁrst glimpse of MYBL1’s
oncogenic potential. Each member (MYB, MYBL1, and
MYBL2) shares a highly homologous DNA binding cassette
which in evolutionary terms has been used extensively in
other eukaryotes, most predominantly in plants. Nevertheless, the three mammalian family members seem to regulate
genuinely different expression programs. The polypeptide
regions that reside C-terminal to the highly conserved
DNA binding domains dictate these differences, presumably via divergent transcriptional regulatory mechanisms
and partnerships. This view, supported by the Ness group’s
previous domain-swapping studies (7), is also convergent
with the evolutionary relationships among the MYB family.
Evolutionary and conservation analysis has revealed that
MYB and MYBL1 are more closely related to each other than
either is to MYBL2; the latter appears to have arisen earlier
in evolution, as it is most similar to the single MYB family
gene present in invertebrates such as Drosophila (8).
Such considerations may have prompted Brayer and colleagues (3) to look closely at the transcriptomes of MYB
fusion– and MYBL1 fusion–associated AdCCs. Here, they
found two very interesting things. One was that expression
of the nonrearranged homolog was low; that is, in AdCC
with MYBL1 fusions, MYB was low, and vice versa. A second
observation, also made by Mitani and colleagues (4), was that
the gene expression signatures and targets of both fusions
were very similar, but clearly different from normal salivary
gland or AdCCs not apparently involving MYB or MYBL1
rearrangements. Therefore, it seems that the transforming/
transcriptional functions of MYB and MYBL1 appear to be, at
least in the instance of AdCC, interchangeable.
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Another area of coming together of general principles that
link MYB and cancer is that of patient outcome. High MYB
expression in colon cancer and high MYB(L1) in AdCC are
predictors of poor outcome. In contrast, high MYB in estrogen
receptor–positive breast cancer tracks with better survival, in
part perhaps because this cancer responds optimally to effective targeted therapies—i.e., those blocking estrogen action or
production. However, unlike colon and breast cancers, where
aberrant expression of full-length MYB protein is a general
ﬁnding, AdCC uses a range of fusions that lead to removal, to
different extents, of the C-terminal regulatory regions of the two
MYB family proteins (Fig. 1, top). In some cases, the MYB truncations closely resemble highly activated forms of MYB found
in other tumors or identiﬁed experimentally, whereas in other
cases the fusions result in minimal structural alteration to the
MYB protein. Nevertheless, it now appears that the common
activating mechanism in AdCC is the juxtaposition of NFIB
enhancer elements with MYB (and now presumably MYBL1) that
consequently drives high-level MYB expression (9).

Intriguingly, the relative transcriptional potencies of the various MYB/MYBL1 fusion proteins in in vitro reporter assays are
also broadly different, such that those with the most C-terminally
truncated forms of MYB largely track with the highest activity (3).
Moreover, analysis from Mitani and colleagues suggested that
transcriptional proﬁles, albeit of a limited number of samples,
more closely correlated with longer versus truncated MYB family proteins rather than whether the tumor is driven by MYB or
MYBL1. This is in agreement with the functional equivalence discussed above. Intriguingly, in some cases the fusion protein is no
more transcriptionally active than the wild-type protein. Perhaps
part of the explanation that underpins these differences will come
from understanding the balance of activation and repression by
the various forms and the interplay with other transcriptional
regulators, as well as how other pathways, most notably those
involving NOTCH1, might shape AdCC transformation (10).
On this last point, a precedent is that MYB and NOTCH1 seem
to work in concert in the transformation of around 25% of T-cell
acute lymphoblastic leukemias.
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Figure 1. Top, simpliﬁed schematic showing the two major types of MYB and MYBL1 fusion proteins seen in AdCC, each of which are generated by
translocations involving the NFIB gene. The approximate locations of the three main functional domains of each protein are indicated in the complete
MYB/MYBL1 proteins and in the fusion products: DBD, DNA-binding domain; TA, transactivation domain; NRD, negative regulatory domain. Note that
for both MYB and MYBL1, different translocations and/or splicing events generate some fusions containing all/most of the NRD as well as some where
the NRD has been extensively disrupted. Bottom, a possible approach based on expression proﬁling data [e.g., as described by Brayer et al. (3) and
Mitani et al. (4)] for identifying candidate therapeutic targets in AdCC, based on the notion that these will be common to MYB- and MYBL1-rearranaged
tumors.
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Beyond the original reports of NFIB being a common MYB,
and now MYBL1 fusion partner, both groups recognized new
fusion partnerships in AdCC. Brayer and colleagues identiﬁed
RAD51B, whereas Mitani and colleagues found YTHDF3 as
MYB and MYBL1 fusion partners. Although the importance
of NFIB (which is also a transcription factor) in transformation remains puzzling, at the genomic level NFIB seems
to form reciprocal fusions (to MYB and MYBL1) with other
genes that include XRCC4, PTPRD, ANIN2, and AIG1. An
uneasy explanation would be that these arise as part of the
excess of double-stranded breaks that are generated by happenstance and are of no consequence. It would be prudent at
this time to hold this view in reserve.
Having so nicely discovered the predominance of MYB and
now MYBL1 rearrangements in AdCC, the next key question
is how to exploit this knowledge in order to treat patients
with this slow-developing but ultimately fatal cancer. This
question has been given recent consideration more generally by those charged with managing patients with AdCC.
The recognition that MYB and MYBL1 fusions generate
common transcriptional signatures suggests that the MYB
component must be engaging common or shared transcriptional machinery. Thus, this exceptionally high amino acid
sequence homology between the DNA binding domains offers
at least two therapeutic avenues. One might involve blocking
protein–protein interactions mediated by this domain, and
the other is to use immunologic approaches that recognize
aberrant expression of cellular proteins processed and presented in the context of the MHC. Perhaps novel vaccination
approaches directed against this domain might be efﬁcacious against AdCC expressing MYB or MYBL1 fusions (11).
Finally, this commonality of transcriptional proﬁ les might
be exploited to identify critical downstream target genes,
because we would assume that these would be regulated by
both MYB and MYBL1 fusions in AdCC. Integrated ChIP-seq
and RNA-seq studies in each case would identify recurrent
and direct targets, and this subset could then be interrogated to highlight candidate druggable gene products for
subsequent functional validation (Fig. 1, bottom). The lack
of AdCC cell lines and engineered animal models will remain
a problem here, but one that can be partially bypassed using
transplantable patient-derived tumor xenografts (12).

Disclosure of Potential Conﬂicts of Interest
No potential conﬂicts of interest were disclosed.
Published online February 5, 2016.

REFERENCES
1. Persson M, Andren Y, Mark J, Horlings HM, Persson F, Stenman G.
Recurrent fusion of MYB and NFIB transcription factor genes in carcinomas of the breast and head and neck. Proc Natl Acad Sci U S A
2009;106:18740–4.
2. Wetterskog D, Lopez-Garcia MA, Lambros MB, A’Hern R, Geyer FC,
Milanezi F, et al. Adenoid cystic carcinomas constitute a genomically
distinct subgroup of triple-negative and basal-like breast cancers. J
Pathol 2012;226:84–96.
3. Brayer KJ, Frerich CA, Kang H, Ness SA. Recurrent fusions in MYB
and MYBL1 deﬁne a common, transcription factor–driven oncogenic
pathway in salivary gland adenoid cystic carcinoma. Cancer Discov
2016;6:176–87.
4. Mitani Y, Liu B, Rao PH, Borra VJ, Zafereo M, Weber RS, et al. Novel
MYBL1 gene rearrangements with recurrent MYBL1–NFIB fusions in
salivary adenoid cystic carcinomas lacking t(6;9) translocations. Clin
Cancer Res 2016;22:725–33.
5. Ramsay RG, Gonda TJ. MYB function in normal and cancer cells. Nat
Rev Cancer 2008;8:523–34.
6. Ramkissoon LA, Horowitz PM, Craig JM, Ramkissoon SH, Rich BE,
Schumacher SE, et al. Genomic analysis of diffuse pediatric lowgrade gliomas identiﬁes recurrent oncogenic truncating rearrangements in the transcription factor MYBL1. Proc Natl Acad Sci U S A
2013;110:8188–93.
7. Lei W, Rushton JJ, Davis LM, Liu F, Ness SA. Positive and negative
determinants of target gene speciﬁcity in myb transcription factors.
J Biol Chem 2004;279:29519–27.
8. Lipsick JS. One billion years of Myb. Oncogene 1996;13:223–35.
9. Yotam D, Cotton MJ, Williamson KE, Gillespie SM, Ryan RJH, Kluk
MJ, et al. An oncogenic MYB feedback loop drives alternate cell fates
in adenoid cystic carcinoma. Nat Genet. In press.
10. Stephens PJ, Davies HR, Mitani Y, Van Loo P, Shlien A, Tarpey PS,
et al. Whole exome sequencing of adenoid cystic carcinoma. J Clin
Invest 2013;123:2965–8.
11. Cross RS, Malaterre J, Davenport AJ, Carpinteri S, Anderson RL,
Darcy PK, et al. Therapeutic DNA vaccination against colorectal
cancer by targeting the MYB oncoprotein. Clin Transl Immunol
2015;4:e30.
12. Moskaluk CA, Baras AS, Mancuso SA, Fan H, Davidson RJ, Dirks DC,
et al. Development and characterization of xenograft model systems
for adenoid cystic carcinoma. Lab Invest 2011;91:1480–90.

FEBRUARY 2016CANCER DISCOVERY | 127

Downloaded from cancerdiscovery.aacrjournals.org on October 21, 2019. © 2016 American Association for Cancer
Research.

Adenoid Cystic Carcinoma Can Be Driven by MYB or MYBL1
Rearrangements: New Insights into MYB and Tumor Biology
Thomas J. Gonda and Robert G. Ramsay
Cancer Discov 2016;6:125-127.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cancerdiscovery.aacrjournals.org/content/6/2/125

This article cites 10 articles, 4 of which you can access for free at:
http://cancerdiscovery.aacrjournals.org/content/6/2/125.full#ref-list-1
This article has been cited by 1 HighWire-hosted articles. Access the articles at:
http://cancerdiscovery.aacrjournals.org/content/6/2/125.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at
pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerdiscovery.aacrjournals.org/content/6/2/125.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerdiscovery.aacrjournals.org on October 21, 2019. © 2016 American Association for Cancer
Research.

