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Blocking Cancer Growth with Less POMP or Proteasomes
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Summary

Although proteasomes are critical in cell regulation and cancer therapy, little is known about the
factors regulating proteasome content or activity. In this issue, Zhang et al report that miR-101
suppresses the expression of chaperone POMP and 20S assembly, and certain cancers raise
proteasome content by losing miR-101.

In the ubiquitin proteasome pathway, protein half-lives are determined by the hundreds of
different ubiquitinating enzymes that determine which proteins are degraded and when.
Ubiquitinated proteins are then either deubiquitinated and escape degradation or are rapidly
digested by the 26S proteasome. It is generally assumed that ubiquitination is the only
regulated step in this pathway. However, there is growing evidence that protein breakdown
rates are also regulated through changes in proteasome activity or content. 20S proteasomes
can associate with alternative activating complexes (PA200 and PA28), whose physiological
roles are still unclear. Several protein kinases, including PKA and CaMKII, can alter
proteasome localization and activity, and the phosphatase UBLCP1 represses activity of
nuclear proteasomes. The functional consequences of proteasome phosphorylation are only
now emerging. Also, when proteasomes are inhibited or stalled, they auto-ubiquitinate a
subunit that binds ubiquitinated proteins, Rpn13, and thus prevents substrate binding to non-
functional proteasomes (Besche et al., 2014).

These intriguing mechanisms have the potential to rapidly alter proteolysis and cell
composition, but their in vivo importance has not been extensively studied, nor has the
control of proteasome content. In yeast, proteasome expression can change dramatically
through a simple feedback mechanism involving the rapidly degraded transcription factor
Rpn4. However, mammalian cells lack this system, and their proteasome content changes
only little, even in conditions like muscle in fasting, where overall proteolysis rises and
transcription of proteasome subunits increases (Piccirillo and Goldberg, 2012). Proteasome
content varies several fold between cell types, and changes with differentiation,, and in some
physiological states (e.g. denervated muscle (Piccirillo and Goldberg, 2012)). Proteasome
activity falls during stem cell differentiation, because of decreased FoxO4-mediated
transcription of Rpn6 (Vilchez et al., 2012), which can limit the assembly of the 26S.
Interestingly, overexpressing Rpn6 in C. elegans increases longevity, presumably by raising
26S proteasome levels. Proteasomes also regulate their own levels. When their function is
partially inhibited, proteasomes increase the proteolyitc processing of NrF1 to its active
form (Figure 1), which stimulates transcription of all 26S subunits (Sha and Goldberg,
2014).
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In this issue of Molecular Cell, Zhang et al. describe a novel mechanism controlling
proteasome content that can limit tumor cell growth. Assembling the 28-subunit 20S core
proteasome is a complex process catalyzed by several chaperones (Tomko and Hochstrasser,
2013). Forming this particle involves special challenges since it contains six proteolytic sites
with the potential to digest most cell proteins. Consequently, 20S formation must be
precisely regulated. It’s proteolytic sites function by an unusual catalytic mechanism
involving an N-terminal threonine residue, whose generation requires the autolytic removal
of a N-terminal propeptide. Two pairs of chaperones, Pac1-Pac2 and Pac3-Pac4, help
assemble the outer a-ring and somef-subunit precursors to form two-ring hemi-proteasomes.
Another chaperone, POMP/hUMP1 then promotes the assembly of the four-ring mature
particle by incorporating remaining p-subunits and promoting proteolytic processing of the
catalytic subunits (Figure 1). In this process, POMP becomes trapped within the proteasome
and becomes its first victim (Tomko and Hochstrasser, 2013). POMP thus functions non-
catalytically. Several other chaperones catalyze 19S base assembly, but are not consumed
during proteasome formation. POMP thus limits 26S production, since its overexpression
enhances proteasome content and resistance to stressors, while its downregulation reduces
proteasome content (Heink et al., 2005).

Zhang et al. discovered that tumor cells can have increased levels of proteasomes and
demonstrated an important new factor determining proteasome content and assembly,
miR-101. This micro-RNA may function as a tumor suppressor, because its levels are low in
a number of malignancies, and its overexpression prevents cell proliferation. These workers
were initially investigating whether miR-101 might activate the tumor suppressor p53, but,
to their surprise, found that overproducing miR-101 causes p53 and other short-lived
proteins to accumulate in ubiquitinated forms (Zhang et al., 2015). In studying how miR-101
suppresses conjugate degradation generally, they discovered that one target of miR-101 is
POMP (Figure 1). Overexpressing miR-101 depleted POMP and eventually reduced 20S
and 26S content (Zhang et al., 2015).

However, it is unclear how much proteasome levels have to be reduced to suppress
proteolysis. Neurons, and presumably other cells, contain a large excess of 26S, which are
not actively engaged in proteolysis (Asano et al., 2015), and may only function in stressful
conditions. Many cells also have abundant free 20S whose possible involvement in normal
protein turnover remains controversial. It had been proposed that cancers are inherently
more active in protein degradation due to more rapid proliferation and the presence of many
abnormal proteins resulting from aneuploidy. Therefore, malignant and normal cells may
differ in their reservoirs of unused proteasomes and their susceptibility to miR-101.

Although genetic loss of miR-101 occurs in some cancers (Varambally et al., 2008), little is
known concerning the normal regulation of miR-101 content. Different types of T cells vary
markedly in their levels of miR-101, which regulates immune responses through other
targets (Yu et al., 2007). However, since these T cells probably have different amounts of
POMP, they may also differ in proteasome content and proteolytic capacity, which could be
important in determining their immune function.
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Because miR-101 has many targets, it was unclear if POMP is truly important in miR-101’s
anti-proliferative activity. Therefore, these workers mutated its binding sites in the 3’-UTR
of POMP mRNA and demonstrated that miR-101 requires POMP knockdown to slow
proliferation of U20S (Zhang et al., 2015). Interestingly, miR-101 retards proliferation of
SKBr3 breast cancer cells primarily by downregulating a histone methyltransferase, EZH2
(\VVarambally et al., 2008). Thus, miR-101 may slow proliferation via distinct targets in
different cells.

These observations emphasize the therapeutic importance of studying proteasomal
expression and assembly in normal and malignant cells. Proteasome inhibitors (e.g.,
bortezomib) have dramatically improved the treatment of multiple myeloma, a cancer of
plasma cells. These cells are particularly sensitive to proteasome inhibition because they
express and degrade exceptionally high loads of aberrant proteins (mutant immunoglobins),
and require proteasomal production of NFxB for growth and invasiveness. Elevated 20S
levels were observed in the bortezomib-resistant U20S cells, and miR-101 overexpression
re-sensitized these cells to this drug (Zhang et al., 2015). Therefore, expression of miR-101
by myeloma cells will be important to measure and targeting POMP represents a potentially
valuable strategy to inhibit proteasome function and cancers generally. Inhibiting POMP and
20S assembly without blocking subunit expression must significantly increase the cellular
content of aggregation-prone free subunits, further challenging the cancer cell’s already
compromised protein degradative machinery. 26S proteasomes respond to proteasome
inhibitors by Nrfl-dependent production of new proteasomes, which can enhance their
cellular resistance to the drugs. However, inhibiting 20S formation could avoid this
compensatory mechanism, and would also block formation of immunoproteasomes, the
specialized forms found in immune cells. Thus far, proteasome inhibitors have not proven
useful in treating solid tumors, in part due to drug binding to large numbers of proteasomes
present in red cells. Inhibiting proteasome assembly, which does not occur in these non-
nucleated cells, may avoid this pharmacokinetic problem.

This important new role for mir-101 in the regulation of POMP opens many intriguing
questions for study. It will now be important to determine how miR-101 and particle
assembly are regulated during differentiation, with physiological stimuli, and in different
tumors, and whether mir-101 or other miRNAs also regulate proteasome expression or
assembly.
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Figure 1. Different Strategiesto Regulate 26S Abundance
In this issue of Molecular Cell, Zhang et al describe the regulation of 20S assembly by

controlling levels of a limiting chaperone, POMP/hUMP1 by the miR-101. This mode of
regulation appears to be disrupted in at least some cancer types. Stem cells maintain high
levels of 26S proteasomes by increasing transcription of a limiting subunit, Rpn6, under
control of FoxO4. Cells that are treated with proteasome inhibitors and cells in certain types
of proteotoxic stress compensate by inducing via the transcription factor Nrfl all proteasome
subunits plus POMP and other 20S assembly factors.

Mol Cell. Author manuscript; available in PMC 2016 March 11.



