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Good COP1 or bad COP1? In vivo veritas
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The evolutionarily conserved protein COP1 has been shown to operate as an
E3 ubiquitin ligase complex, and a number of putative substrates have been
identified, including the c-JUN oncoprotein and p53 tumor suppressor pro-
tein. New work by Migliorini and colleagues described in the current issue
of JCI demonstrates that COP1 acts as a tumor suppressor in vivo and does
so, at least in part, by promoting the destruction of c-JUN. These findings
challenge the view that COP1 regulates p53 stability and call into question
the wisdom of developing COP1 inhibitors as potential anticancer agents.

Ubiquitin ligase complexes that target
proteins for proteasomal degradation in
a regulated manner play important roles
in maintaining cellular homeostasis (1).
Accordingly, deregulation of ubiquitin
ligases and their protein targets has been
implicated in a variety of diseases includ-
ing cancer. For example, overexpression
of MDM2, which ubiquitinates the p53
tumor suppressor protein, has been linked
to certain cancers, as has loss of AXIN,
which is a component of a ubiquitin ligase
that targets the -catenin oncoprotein for
destruction. In this issue of JCI, Migliorini
etal. provide evidence that loss of constitu-
tive photomorphogenesis protein 1 (Cop1),
a component of another ubiquitin ligase
complex, leads to deregulation of the c-Jun
oncoprotein and tumor growth in vivo.
COPI, also called RFW2 (RING finger
and WD repeat domain 2), was initially
identified in Arabidopsis, where it plays a
critical role in growth and development in
response to light (photomorphogenesis)
(2). Under dark conditions, COP1 represses
photomorphogenesis by serving as an E3
ubiquitin ligase that targets proteins such
as the photomorphogenesis-promoting
transcription factor HYS for destruction
(3). In response to light, COP1 becomes
inactive, both by virtue of translocation out
of the nucleus and through inhibitory pro-
tein-protein interactions, thereby allowing
photomorphogenesis to proceed.

COP1 is an ubiquitin ligase
Although mammalian cells do not undergo
photomorphogenesis, they somewhat sur-
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prisingly also contain an Arabidopsis COP1
homolog. Mammalian COP1, like the Ara-
bidopsis protein, consists of an N-terminal
RING finger domain, an internal coiled-
coil domain, and C-terminal WD40 repeats.
Moreover, mammalian COP1 possesses E3
ubiquitin ligase activity (4). In addition
to possessing intrinsic E3 activity, COP1
participates, in both Arabidopsis and mam-
malian cells, in a higher-order E3 ubiquitin
ligase complex that contains DET1 (de-
etiolated 1), DDB1 (DNA damage-bind-
ing protein 1), CUL4 (cullin 4), and RBX1
(ring-box 1) (4). The growing list of COP1
substrates identified so far includes pS3
(5), c-JUN (6, 7), ACC1 (acetyl-coenzyme A
carboxylase alpha) (8), MTA1 (metastasis-
associated protein 1) (9), FOXO1 (forkhead
box protein O1) (10), TORC2 (transducer
of regulated CREB activity 2) (11), and
PEA3 (polyomavirus enhancer activator-3)
(12). The evidence for these being COP1
targets rests entirely on biochemical and
cell culture experiments, raising questions
as to which are actually regulated by COP1
in vivo. Moreover, inclusion of the p53
tumor suppressor protein and the c-JUN
oncoprotein as potential COP1 targets
made it difficult to predict whether COP1
would serve primarily as an oncoprotein or
as a tumor suppressor (Figure 1), despite
recent calls to develop COP1 inhibitors for
use as cancer therapeutics.

Cop1 regulates c-Jun and functions
as a tumor suppressor in vivo

To more fully understand the physiological
roles of COP1, Migliorini and colleagues uti-
lized a genetic approach to generate an allel-
ic series of Copl-mutant mice (13). The use
of hypomorphic (partial-loss-of-function)
alleles is a potentially powerful way to cir-
cumvent lethality associated with null alleles
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and also allows one to interrogate the dose-
response relationships linking gene activity
to functional outputs. The methodology
employed by Migliorini and coworkers can
be used with genes that have been targeted
with pGTOIxf or pGTOLxr vectors, available
through the International Gene Trap Con-
sortium (http://www.genetrap.org).

The authors found that c-Jun abundance,
but not p53 abundance or activity, was
elevated in CopI-hypomorphic mice that
expressed only 10% of Cop1 compared with
the wild-type counterparts (13). Increased
c-Jun accumulation was shown to contrib-
ute to the increased proliferation manifest
by Cop1-defective cells in vitro. More impor-
tantly, CopI-hypomorphic mice developed
spontaneous malignancy and were more
prone to radiation-induced lymphomagen-
esis. The study therefore firmly establishes
that Copl is an ubiquitin ligase for c-Jun
and that Copl acts as a tumor suppres-
sor in vivo. In keeping with the latter, the
authors found that COPI mRNA levels are
diminished in certain human cancers, such
as prostate cancer, and that restoration of
COP1 function in COP1-defective human
prostate cancer suppressed their prolifera-
tion in vitro. In contrast, the current study
found no evidence that Cop1 regulates p53
in vivo, although it remains possible that
Copl serves as a p53 ubiquitin ligase under
specific conditions other than those tested
in their model.

c-JUN stability is governed

by multiple E3 ubiquitin ligases
c-JUN is the founding member of the AP-1
(activating protein-1) family of transcrip-
tion factors, which bind to TRE/AP-1 ele-
ments (5" TGA[CG]TCA-3') in their target
genes (14). By forming heterodimers with
other AP-1 family members (including
JUNB, JUND, c-FOS, and ATF), c-JUN par-
ticipates in a variety of cellular functions
including the regulation of cell cycle pro-
gression, cell growth, and apoptosis. As is
true for many critical transcription factors,
including ¢-MYC and p53, c-JUN is a highly
unstable protein (15) and is subject to regu-
lation by multiple ubiquitin ligases (16). In
addition to COP1, both FBW7 (F-box/WD
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Figure 1

COP1 functions as an E3 ubiquitin ligase. Both
p53 and c-JUN have been identified as potential
COP1 substrates. Theoretically, COP1 could
act as an oncoprotein by promoting the destruc-
tion of the p53 tumor suppressor (A; Model |)
or as a tumor suppressor protein by promot-
ing the destruction of c-JUN (B; Model II).
Data provided in the current issue of JCI by
Migliorini et al., obtained using genetically engi-
neered mice, strongly favor Model II.

repeat-containing protein 7) (17) and ITCH
(18) (so named because of the dermatitis
seen in mice lacking the murine homolog)
have been shown to promote ¢c-JUN ubiq-
uitination (Figure 2). c-JUN exists in both
unphosphorylated and phosphorylated
forms. The JNK kinases phosphorylate, and
thereby activate, c-JUN. On the other hand,
phosphorylation of ITCH by JNK stimulates
ITCH ubiquitin ligase activity (18), thereby
establishing a potential negative feedback
loop. Whether the net effect of JNK on
c-JUN stability is positive or negative, how-
ever, is controversial and may be context

dependent. Recognition of c-JUN by FBW7
requires that c-JUN first be phosphorylated
on Thr239 and Ser243 (17). The Thr239 site
is believed to be phosphorylated by GSK3,
thereby providing a link to signaling by PI3K
and AKT. On the other hand, COP1 recog-
nizes a highly conserved degron in c-JUN
that is distinct from the sites recognized by
ITCH and FBW7 and which does not appear
to depend on phosphorylation (Figure 2).

c-JUN and cancer

Aberrant c-JUN activity has been well doc-
umented in various types of cancers. For
example, some cancers overproduce c-JUN
by virtue of ¢-JUN amplification (19). Inter-
estingly, the viral counterpart of c-JUN,
v-Jun, harbors a missense mutation that
allows it to escape degradation by FBW7,
leading to its increased stability. FBW7 is
itself frequently deleted in many cancers.
pS53loss, which occurs commonly in human
cancer, leads to JNK activation and a sub-
sequent increase in ¢c-JUN transcription
activity. Indeed, Migliorini and coworkers
exploited this fact to reveal the deleterious
consequences of COP1 loss on cell prolif-
eration in vitro.

Looking forward

Although ¢-JUN inactivation abrogated the
increased proliferation observed in COP1-
defective cells in vitro, it is apparently not
sufficient to blunt tumorigenesis in Cop1-
defective mice. This raises the question
as to which other COP1 targets conspire
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with deregulated c-JUN to promote tumor
growth in vivo. Other putative COP1 tar-
gets that are suspected or known to act as
oncogenes include ACC1, PEA3, MTAI,
and TORC2 (Figure 2). A more thorough
examination of the degree to which COP1
activity is compromised in human cancer
would also be timely.

Arabidopsis COP1 activity is exquisitely
sensitive to light. It will be important to
determine the signal, or signals, that regu-
late the destruction of c-JUN by mamma-
lian COP1. Presumably those signals will
impinge on COP1 itself; c-JUN, or both. In
this regard, mammalian COP1 seems to be a
target of the DNA damage-responsive ATM
kinase, which triggers COP1 auto-ubiqui-
tination and destruction (20). Mammalian
COP1, like Arabidopsis COP1, is located in
both the nucleus and cytoplasm. It will be
of interest to determine whether the sub-
cellular localization of mammalian COP1,
like that of its Arabidopsis counterpart (2),
is altered in response to specific signals.
Answers to these questions should reveal
how an ancient developmental program
that renders plants sensitive to light has
been adapted for use in mammalian cells.
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COP1, ITCH, and FBW?7 regulate c-JUN stability. Each of these proteins recognizes a distinct degron within c-JUN. Regulation of c-JUN by
ITCH and FBW?7 is responsive to changes in JNK and GSK3 activity, respectively. In addition to c-JUN, COP1 has other substrates that might
contribute to tumor formation in COP1-defective tissues.
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