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endogenous CSN2 with three components of the 
APC/C called APC1, APC4 and APC6. In addi-
tion, an interaction of complex-bound CSN2 with 
the 26S proteasome-base ATPases Rpt2, Rpt5 
and Rpt6 was detected. NEM experiments imply 
that in contrast to APC an interaction of the 26S 
proteasome with free CSN2 did not occur. These 
data suggest the existence of super-complexes 
consisting of the CSN, the APC/C and the protea-
some. Interestingly, the CSN specifically affects 
the stability of APC/C-dependent substrates. 
Cyclin A, which is targeted by the APC/C for 
degradation in the pro-metaphase, is stabi-
lized upon CSN2 overexpression. Ectopically 
expressed CSN2 is efficiently integrated into the 
complex and causes de novo synthesis of the 
CSN.10 In other words, an increase of the CSN 
complex protects cyclin A. Accordingly cyclin 
A is reduced after downregulation of CSN5 by 
specific siRNA, which leads to CSN5-depleted 
CSN complexes. Notably, cyclin B was not 
affected by these manipulations. In opposition 
to cyclin A, the regulatory proteins, CDC6 and 
SnoN, most likely require the CSN for their 
APC/C-mediated degradation. 

Melle and co-workers did not see significant 
changes of cell cycle phases caused by over-
expression of CSN2 using FACS analysis. On 
the other hand, using a 50K microarray from 
Affimetrix the authors found randomly distributed 
deletions and duplications of genes indicating 
DNA instability. Since CDC6 protein stability 
is controlled by the CSN-APC/C connection 
and CDC6 is essential for the proper assembly 
of the pre-replicative complexes, this finding is 
not too surprising. In this context, observations 
made in our laboratory might be explained. 
Efforts to stably express Flag-CSN2 in HeLa or 
other cells failed, since cells died probably from 
genomic instability.10 This effect is most likely 
due to accelerated degradation of CDC6 and 
perhaps other relevant regulatory proteins under 
these conditions. It might be also connected 
with an additional role of CSN2/alien as core-
pressor.12 

The study of Melle and co-workers published 
in Volume 8, Issue 13 of Cell Cycle has a 
number of significant implications with respect 
to how the CSN regulates cell cycle. The data 
demonstrate that the CSN not only influences 
cell cycle via CRLs but also by interaction with 
APC/C. Perhaps the CSN coordinates the action 
of the Ub ligases by recruiting them into tempo-
rary super-complexes with the 26S proteasome. 
Because overexpression of CSN2 as well as 
downregulation of CSN5 did affect the stability 
of the APC/C substrates CDC6 and cyclin A but 
not that of cyclin B, it seems that the CSN-APC/C 
connection is important during S-G2-P phases 
but not in late mitosis. This is consistent with the 
finding by the authors that CSN2 did not bind 
to the APC/C during mitosis. It also explains 
the genomic alterations and instability observed 

and promoter-specific gene transcription and, 
hence, various biological activities by delicate 
mechanisms.1,2

In addition these physiological changes in 
chromatin compactness, chromatin relaxation 
is also an early consequence of DNA double-
strand breaks. More importantly, by increasing 
the accessibility for the DNA repair machinery, 
chromatin relaxation is required for DNA double-
strand break repair to occur. In the article 
by Halicka and colleagues,3 published in this 
issue of Cell Cycle, the authors communicate 
a novel, rapid and convenient flow cytometry-
based method for the detection of chromatin 
relaxation. They take advantage of the higher 
resistance of relaxed DNA to acid-induced 
denaturation as compared to condensed DNA. 
The differences in DNA denaturation level can 
be detected by using the metachromatic fluo-
rochrome acridine orange, which differentially 
intercalates in denatured and non-denatured 
DNA. Non-denatured (double-strand) DNA emits 
green signal, whereas denatured (single-strand 
DNA) emits red fluorescence upon acridine 
orange staining.3 

For study purpose, the authors induced DNA 
damage by exposing cells to UV light or 
hydrogen peroxide. After treatment under acidic 
conditions and staining with acridine orange, 
Halicka and colleagues could then discriminate 
the content of denatured (single-stranded) from 
non-denatured (double-stranded) DNA, resulting 
from the red fluorescence at 640 nm and the 
green fluorescence at 530 nm, respectively. 
Beside just detecting chromatin relaxation, the 
authors further demonstrate that their method is 
useful to correlate the status of DNA compact-
ness with other parameters at a single-cell 
level, for example with DNA damage-induced 
phosphorylation of histone H2AX or a particular 
phase of the cell cycle.

The processes and signaling events that 
either govern or depend on DNA relaxation 
have been intensively studied in recent years.4-6 
As compact chromatin acts as barrier for 
DNA-modifying enzymes, DNA relaxation is 
essentially required for enabling access of the 
DNA repair machinery. An important role in 
this context is mediated by the histone acetylase 
Tip60 and its cofactor Trrap that is recruited to 
the vicinity of DNA strand breaks.5 Remarkably, 
the impaired repair of double DNA-strand 
breaks in Trrap-deficient cells could be almost 
completely reverted by restoring DNA relaxation 
either by hypotonic shock or treatment of cells 
with sodium butyrate or chloroquine, agents 
known to unwind chromatin structure.5 In fact, 
DNA relaxation is thought to be the initiating 
step in attracting Tip60 to the site of damage. 
This event presumably results in histone phos-
phorylation, activation of ATM kinase, as well as 
the assembly of the MRN (Mre11-Rad59-Nbs1) 
complex at the DNA-damage site. An important 

after overexpression of CSN2. Recently it has 
been shown in Arabidopsis that csn mutants are 
characterized by DNA damage followed by the 
induction of the DNA damage response pathway 
and a delay in G2 cell cycle progression.13 
Perhaps the disturbance of the CSN-APC/C 
connection is also responsible for DNA damage 
and cell cycle delay under these conditions.

There remain open questions. Is the effect of 
the CSN exerted on the APC/C dependent on 
its deneddylating activity? Are components of 
the APC/C neddylated and does CSN-mediated 
deneddylation modify APC/C activity? Because 
the knockdown of CSN5 caused changes of the 
APC/C substrates cyclin A, SnoN and CSC6, a 
role of CSN-mediated deneddylation is likely. The 
CSN associated kinases and/or USP15 activity 
might be important for stabilization of cyclin A 
upon CSN2 overexpression. The data presented 
by the Melle-group are a significant step forward 
in our comprehension of the CSN functions 
during cell cycle. The paper will stimulate future 
experimental work towards a complete model of 
CSN action in cell proliferation.
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Catching chromatin  
relaxation in act by  
flow cytometry

DNA in eukaryotes, unlike in prokaryotes, 
is tightly packed and protected by histones and 
a multitude of chromatin-associated proteins. 
The tightness of DNA packing and chromatin 
compactness is highly dynamic and differs 
greatly depending both on its functional stage 
and cell cycle. Transcribed heterochromatin 
is more relaxed than inactive euchromatin, 
and replicating chromatin is less compact as 
opposed to chromatin within metaphase chro-
mosomes. Chromatin relaxation affects global 
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role in modulation of DNA relaxation plays also 
the high-mobility group protein HMGN1, which 
modulates the architecture of chromatin and 
affects post-transcriptional modifications of the 
tails of nucleosomal histones. HMGN1 binds 
to nucleosomes and reduces the rate of histone 
H3 phosphorylation on Ser10,7 a modifica-
tion that facilitates chromatin condensation, for 
example at the onset of mitosis.8 Thus, DNA 
damage-induced activation of HMGN1 via post-
translational modification may also contribute 
to chromatin decondensation and subsequent 
activation of ATM.

The method designed by Halicka and 
colleagues is of great importance for studying 
DNA damage responses, repair processes or 
resistance mechanisms to DNA-damage-inducing 
anticancer drugs.3 Owing to its simplicity and 
convenience, the technique represents a signifi-
cant progress in the field of DNA damage 
research, since it can dramatically speed-up 
detection of relaxed DNA in the cell. Previous 
methods used for distinguishing relaxed from 
compact chromatin included assessment of DNA 
accessibility to nucleases9 or net phosphorus to 
nitrogen ratio obtained from the elemental maps 
with an imaging filter electromagnetic spectrom-
eter10 or energy-filtering transmission electron 
microscopy.11 All those methods are laborious 
and require specialized equipment. In contrast, 
the method developed by Halicka and collabora-
tors utilizes flow cytometry, a standard technique 
established in most research centers and hospi-
tals. Thus, owning to the simplicity of this method 
and the ability to evaluate several parameters in 
parallel at the single-cell level, DNA relaxation 
measurement may become widely used in basic 
research and clinical settings. This approach is 
certainly an elegant way to study the efficacy 
of new radio- and chemotherapy regimens and 
evaluate their effects on DNA integrity. Flow 
cytometric analysis will also allow for evaluating 
the correlation of DNA relaxation with cell cycle 
progression, particular intracellular events or the 
expression of cell surface markers.
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Opening the treasure  
chest of miR-200s  
family members

The discovery of microRNAs (miRNAs) has 
led to establish a new paradigm in eukaryotic 
gene regulation. MiRNAs are small non-coding 
RNAs that inhibit gene expression at the post-
transcriptional level. MiRNAs are synthesized 
in the nucleus by RNA polymerase II as long 
primary transcripts or pri-miRNAs. They are 
subsequently cleaved by Drosha to release 
pre-miRNAs that are transported to the cyto-
plasm by the Ran-GTP/Exportin-5, where Dicer 
processes them to obtain duplex of 19–22 nt. 
One strand of the duplex is incorporated into the 
RNA-induced silencing complex (RISC), which 
delivers mature miRNAs to their mRNA targets. 
The target recognition is based on comple-
mentarity of the seed sequence of the miRNA  
(7–8 nt at the 5’end) to a specific sequence motif 
within the 3’UTR of the mRNA target. Perfect 

or near-perfect complementarity induces mRNA 
degradation, whereas imperfect binding results 
in translational inhibition.1,2

It is estimated that about 30% of human 
genes are targets of miRNAs, hence their influ-
ence in numerous biological processes it is not 
surprising. Accordingly, several studies have 
identified aberrant miRNA expression profiles 
in a wide range of human diseases, including 
cancer. Most relevant, functional characteriza-
tion assays have revealed their roles as tumor 
and metastasis promoters or suppresors.3-6 In 
addition, inactivating mutations in TARBP2, an 
essential functional partner of DICER1, have 
been described in human tumors causing impair 
miRNA-processing.7

Recently, different strategies have allowed 
identifying a miRNA family, miR-200s, involved 
in epithelial-mesenchymal transition (EMT), a hall-
mark of tumor progression. A key mechanism in 
the EMT process is the repression of E-cadherin, 
a crucial molecule for epithelial cell adhesion. 
Some transcriptional repressors including ZEB1 
(TCF8/ZFHX1A), ZEB2 (SIP1/ZFHX1B) and 
Snail (SNAI1) have been characterized.8

Left: Strategy for the functional characterization of miRNAs. Cloning of pri-miRNAs and the flank-
ing region (~500 bp). Transfection of retroviral vector into a packaging cell line. Infection of target 
cells and antibiotic selection to generate stable cell lines expressing pri-miRNAs. miRNA processing 
by endogenous machinery of the target cell. Right: Possible roles of miR-200s family members in 
ZEB1, ZEB2 and E-cadherin regulation (according to references 9–13). Ectopic overexpression of 
miR-200b, c and 429 with identical seed sequence (black box) leads to a strong reduction in ZEB1 
and ZEB2 expression (red), resulting in a robust increase of E-cadherin (green) in comparison to the 
moderate, but also relevant, effects of miR-200a or 141 transfection (yellow).




