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Cyclin D3: To translate or not to translate
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Theintegrationofextracellulargrowthandproliferativequeswithcell
divisionissensedandregulatedbytheD-typecyclinsinconcertwitha
catalytic subunit, either CDK4/6. Mammalian cells encode 3 D
cyclins, D1-3, that are expressed in a tissue restricted pattern.While
the innate biochemical activity of each cyclin, its capacity to activate
either CDK4 or CDK6, is largely indistinguishable in vitro allowing
for considerable functional redundancy, the generation of mice
ablated for expression of individual D cyclins has revealed unique
functional and regulatory characteristics.While the knowledge pro-
videdbygeneticmanipulation isprovocative,molecular insights into
unique biochemical properties of each of the 3 D-type cyclins have
beensparse.WorkbyDeMiccoetaldescribesmechanisms that regu-
late cyclinD3 accumulationduringB andT lymphocytematuration
andprovidecluestotheimportanceoflineage-specificpathways.1

Significant progress has been made with regard to the eluci-
dation of how extracellular cues regulate cyclin D protein accu-
mulation and biological functions during the past 20 years;
however, much of this has focused on cyclin D1 due to its fre-
quent overexpression in human cancer. With our current view
that all cyclins are not created alike, the need to explore the reg-
ulation of cyclins D2 and D3 has come to the forefront. With
respect to unique function, cyclin D3 is specifically required for
B- and T-lymphocyte proliferation.2 B- and T-lymphocyte mat-
uration, unlike many other cell lineages, depends on pro-
grammed DNA damage in the form of double strand DNA
breaks (DSBs), a process necessary for the genesis of immuno-
globulin molecules and mature T-cell receptor repertoire
respectively. The ability process such a program requires that
lymphocytes also have a mechanism to prevent progression
from G1 phase to S-phase transition prior to resolution of
DSBs. The absence of such a mechanism would result in low
fidelity DNA replication leading to cell apoptosis, immune fail-
ure and/or cancer. The efforts of DeMicco et al reveal that both
immature T- and B-lymphocytes downregulate cyclin D3 in
response to DSBs. The striking aspect of this regulation is that
while both utilize the checkpoint kinase, Ataxia telangiectasia
mutated (ATM), to coordinate the damage response with cyclin
D3 repression, the underlying mechanisms of suppression are
distinct in the respective cell types (Fig. 1).

DNA damage dependent regulation of D-type cyclin accu-
mulation is not without precedence. Cyclin D1 undergoes rapid,
ubiquitin-dependent degradation in response to genotoxic stress
and the precise molecular mechanism depends upon cell cycle
stage.3,4 Strikingly, no alterations in cyclin D3 degradation were
observed in either lymphocyte lineage arguing that constitutive
turnover is sufficient. Rather, cyclin D3 loss in immature T-
lymphocytes reflects inhibition of protein synthesis. Cyclin D3
protein synthesis in lymphocytes is in part regulated by the
RNA binding protein HuR; HuR binding to AU-rich sequences
in the cyclin D3 30UTR increases translational efficiency
(Fig. 1).5 Mechanistically, DSB-dependent ATM activation trig-
gers the release HuR from CCND3 thereby reducing cyclin D3
synthesis.1 ATM-dependent regulation of HuR likely reflects
Chk2-dependent phosphorylation of the RNA binding domain
of HuR which reduces its affinity for RNA.6

In contrast to immature T-lymphocytes, immature B-lym-
phocytes signal the transcriptional repression of the CCND3
gene (Fig. 1) through a yet to be defined ATM-dependent
mechanism. Since DNA damage requires an acute and immedi-
ate cellular response, transcription regulation of CCND3 seems
paradoxical. However, the relative instability of CCND3
mRNA likely enables this mechanism. Transcriptional repres-
sion can be an inefficient checkpoint mechanism, as the “stop”
signal remains dependent upon mRNA and protein degrada-
tion. The relative instability of cyclin D3 mRNA and protein
should be essential for the efficacy of this signal. Logic dictates
that transcriptional regulation in B-lymphocytes versus regula-
tion of protein synthesis T-lymphocytes will contribute to alter-
ing rates of recovery from genotoxic damage or the kinetics of
maturation and lymphocyte amplification during an immune
challenge. Regardless of the precise mechanism, reduced cyclin
D3 is essential for inhibition of unscheduled S-phase entry.1

Although individual D-type cyclins clearly exhibit overlapping
functions through their combinatorial activation of either CDK4 or
6, accumulating evidence is revealing unique, cell type specific regu-
latory mechanisms. While one aspect of lineage-specific regulation
of a given cycle likely reflects inherent signaling specificity within a
given cell type, the dependence of such cells on a cyclin
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D3-dependent kinase suggests unique functional characteristics.
The work ofDeMicco et al supports and adds to previous work sug-
gesting amodel wherein lymphocytes are uniquely dependent upon
the cyclin D3-dependent kinase 2,7 and highlight the importance of
further investigation into its regulation and biological function.
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Figure 1. Lineage-dependent regulation of cyclin D3 accumulation.
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