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Histone methylation in transcriptional control

T. Kouzarides, H. Santos-Rosa, S. Daujat, U. Bauer, R. Schneider,
A. Bannister, F. Fuks, P. Hurd. Wellcome/CRC Institute, Cambridge, UK

Histone modifications are able to regulate transcription positively and nega-
tively. Our ongoing analysis of the mechanism by which such modifications
regulate transcription has focused on lysine and arginine methylation.
Three distinct sites of methylation on histone H3 will be discussed, involv-
ing residues K4, K9 and R17. Methylation at K9 is a repressive event for
transcription at both heterochromatic sites and at promoters regulated by
the RB repressor protein. We can now show that K9 methylation is involved
in the repression of DNA methylated promoters by MeCP2. A K9 H3
methyltransferase associates with MeCP2 and is delivered to the differen-
tially methylated domain of the H19 promoter. Methylation at K4 results in
transcriptional activation. Using antibodies raised specifically against the di-
or tri-methylated state of K4, we show that only tri-methylated K4 correlates
with activation of transcription in yeast. This result demonstrates a new rule
for histone modifications in which the methyl state of a lysine is a considera-
tion for activity. Given that any lysine can be mono-, di- or tri-methylated, the
complexity of the code on histones is clearly much larger than previously
suspected. Methylation at R17 correlates with activity of estrogen regulated
genes such as pS2. Using chromatin immunoprecipitations we have
investigated the ordered appearance of modifications on the pS2 promoter
following estrogen stimulation. We can show that acetylation by CBP takes
place before methylation of R17 by CARM1 and that an acetylated H3 sub-
strate augments methylation by CARM1. These results provide evidence
for a "cross-talk" between CBP acetylation and CARM1 methylation.

381

Histone deacetylase inhibitors in acute promyelocytic
leukemia

P.P. Pandolfi, USA

Abstract not received.
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Chromosome structural changes in human cancer and their
reversal by DNA methylation inhibitors

P.A. Jones', C. Nguyen?2. 'University of Southern California, Norris
Comprehensive Cancer Center, Room 815; 2University of Southern
California, Norris Comprehensive Cancer Center, Los Angeles, USA

Silencing of tumor suppressor genes by hypermethylation of promoter
CpG islands is well documented in human cancer. We have analyzed the
methylation status and chromatin structure of three CpG islands in the
p14(ARF)/p16(INK4A) locus in a series of normal and cancer cell lines
using nucleage digestion and chromatin immunoprecipitation assays. We
have found an altered chromatin structure associated with the silencing
of tumor suppressor genes in human cancer cell lines which involves
CpG island methylation, chromatin condensation, histone deacetylation and
MeCP2 binding as well as increased methylation of the lysine 9 residue of
histone H3. CpG islands in cancer cells exhibiting the epigenetic profile of
heterochromatin do not resist transcript elongation by RNA polymerase I,
even though this profile is incompatible with transcriptional initiation. Treat-
ment with 5-aza-2’-deoxycytidine induced the formation of a hemimethy-
lated state in treated cells and a rapid and substantial remodeling of hete-
rochromatic domains in T24 bladder cancer cell lines, drastically reducing
levels of H3-K9 methylation and increasing levels of H3-K4 methylation.
Thus, drugs that inhibit DNA cytosine methylation cause rapid changes in
the state of chromatin modification presumably resulting in the activation of
expression of silenced genes. We have also begun work on other cytosine
analogs which have the ability to induce cytosine demethylation but which
are more stable than aza nucleosides and which show promise as orally
effective agents.
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The role of secondary DNA structures in silencing
transcription

A. Siddiqui-Jain', C.L. Grand?, D.J. Bearss?, L.H. Hurley'. ' University of
Arizona, College of Pharmacy, Tucson, USA; ?Arizona Cancer Center,
Tucson, USA

The role of secondary DNA structures in control of gene expression has
long been debated. In this presentation | provide direct evidence for a G-
quadruplex in a promoter region and its targeting with a small molecule
to repress ¢c-MYC transcription. The nuclease hypersensitivity element 1111
upstream of the P1 promoter of c-MYC controls 85-90% of the transcrip-
tional activation of this gene. We have demonstrated that the purine-rich
strand of the DNA in this region can form two different intramolecular G-
quadruplex structures, only one of which appears to be biologically rele-
vant. This biologically relevant structure is the kinetically favored chair-form
G-quadruplex, which when mutated with a single G to A transition is desta-
bilized, resulting in a 3-fold increase in basal transcriptional activity of the
¢c-MYC promoter. The cationic porphyrin TMPyP4, which has been shown
to stabilize this G-quadruplex structure, is able to further suppress c-MYC
transcriptional activation. These results provide compelling evidence that a
specific G-quadruplex structure formed in the c-MYC promoter region func-
tions as a transcriptional repressor element. Furthermore, we establish the
principle that c-MYC transcription can be controlled by ligand-mediated G-
quadruplex stabilization (see Figure 1).
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The formation of similar G-quadruplexes in other promoters of growth reg-
ulatory genes (unpublished results), such as PDGF-A, c-myb, and Ki-ras,
suggest that this will be a more general phenomenon in genes associated
with growth and proliferation. The sequestration of the active form of the
promoter as a G-quadruplex rather than in a nucleosome may have advan-
tages for a rapid response required for genes involved in proliferation and
may have been an ancient mechanism for controlling gene expression.
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Cyclin D1 and Cancer

M.D. Garrett, S. Stockwell, K. Taylor, P.C. McAndrew. The Institute of
Cancer Research, Cancer Therapeutics, Cell Cycle Control, Sutton, UK

The product of the PRAD1 oncogene, cyclin D1, is a key regulator of G1
progression where it binds and to and activates the cyclin-dependent ki-
nases CDK4 and CDK6. These kinase complexes then in turn phospho-
rylate and contribute to inactivation of the pRb tumour suppressor protein,
a requirement for transit from G1 into S phase. Deregulated expression of
cyclin D1 is regularly observed in human tumours and is thought to confer
accelerated G1 progression, mitogen-independence and anti-oestrogen re-
sistance in a variety of cell types. The relevance of this cell cycle protein to
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tumourigenesis is evident in the observed resistance of cyclin D1 knockout
mice to the development of breast cancer.

The cyclin D1/CDK complexes also act as a point of integration between
growth factor signalling pathways and the cell cycle. This is exemplified by
the fact that expression of cyclin D1 is under both transcriptional and post-
translational control in response to cellular signals. In particular, turnover of
cyclin D1 protein is a highly regulated process that can be activated through
phosphorylation at Threonine 286 (T286), which triggers nuclear export and
ubiquitin-dependent degradation of cyclin D1 via the 26S proteosome.

We have become particularly interested in the control of cyclin D1 turnover,
which is likely to present novel anti-cancer therapeutic targets in malignan-
cies over-expressing this protein. With this in mind, we have been investigat-
ing the regulation of T286 phosphorylation on cyclin D1. From these studies
we have identified a novel pathway through which this event is modulated,
leading to 26S proteasome-dependent degradation of cyclin D1. This path-
way will be described, along with potential therapeutic consequences for
cancer treatment.

385
Cancer therapy based on p53 and Rb

M. Korn, UCSF Comprehensive Cancer Center & Cancer Research
Institute, San Fransisco, USA

The majority of malignancies harbor molecular alterations disabling the
tumor-suppressor function of the p53 and Rb pathways. Inactivation of
these pathways is also essential for efficient replication of human aden-
ovirus. Exploiting this analogy, adenovirus mutants have been created that
replicate selectively in cancer cells with alterations of these pathways. For
example, ONYX-015 is an adenovirus mutant selectively replicating in tu-
mor cells with inactivated p53 pathway. This virus lacks the E1B55k gene,
which is necessary for inactivation of p53, thus restricting virus replication to
cells that lost p53-function. Similarly, ONYX-411 harbors, among other fea-
tures, a deletion within the E1A gene and targets cells with deregulated E2F
resulting from mutations affecting the Rb pathway. Clinical studies demon-
strated that intratumoral, intraarterial, and intravenous injection of ONYX-
015 is safe. In particular in combination with standard chemotherapeutic
agents, evidence of anti-tumor activity of this virus was found in clinical tri-
als in patients with cancer of the head- and neck and gastrointestinal cancer
metastatic to the liver. A potential major factor limiting the efficacy of aden-
oviral therapies is loss of the main cellular receptor for adenovirus, CAR, in
cancer cells. We found that CAR expression is frequently altered in cancer
and that a significant number of human tumors lost expression of the recep-
tor. This reduction in expression is, at least in part, mediated by signaling
through the Ras/Raf/ERK pathway. Pharmacological inhibition of this path-
way increased CAR expression at the cell surface and enhanced cell killing
by replication-selective adenoviruses, suggesting that pharmacological re-
ceptor restoration could act synergistically with therapeutic adenoviruses.

386
CDC25 phosphatases and checkpoint controls

G. Draetta’, M. Donzelli2, M. Squatrito?, D. Ganoth®, A. Hershko3,

M. Pagano®. ' European Institute of Oncology and Pharmacia Oncology,
Oncology Research, Milan, ltaly; 2European Institute of Oncology, Milan,
Italy; 3 Technion-Israel Institute of Technology, Haifa, Israel; *New York
University Medical Center, Pathology, New York, USA

The Cdc25 dual-specificity phosphatases control progression through the
eukaryotic cell division cycle by activating cyclin-dependent kinases. Cdc25
A regulates entry into S-phase by dephosphorylating Cdk2, it cooper-
ates with activated oncogenes in inducing transformation and is overex-
pressed in several human tumors. DNA damage or DNA replication blocks
induce phosphorylation of Cdc25 A and its subsequent degradation via
the ubiquitin-proteasome pathway. We have investigated the regulation of
Cdc25 A in the cell cycle. We found that Cdc25 A degradation during mi-
totic exit and in early G1 is mediated by the APC/CCdh1 ligase and that a
KEN-box motif in the N-terminus of the protein is required for its targeted
degradation. Interestingly, the KEN-box mutated protein remains unstable
in interphase and upon ionizing radiation exposure. Moreover, SCF inacti-
vation using an interfering Cull mutant accumulates and stabilizes Cdc25
A protein. The presence of Cul1 and Skp1 in Cdc25 A immunocomplexes
suggests a direct involvement of SCF in Cdc25 A degradation during in-
terphase. We propose that a dual mechanism of regulated degradation al-
lows for fine tuning of Cdc25 A abundance in response to cell environment.
These topics will be discussed in the context of the overall approach to
cancer drug discovery.
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Polo-like kinases and mitotic control

D.K. Ferris', J.H. Yuan', R. Fisher', Y. Feng', S. Maloid', A. Alberts2.
NCI, Biological Mechanisms Section Basic Research Laboratory,
Frederick, USA; (2) Van Andel Institute, Laboratory of Cell Siructure and
Signal Integration, Grand Rapids, USA

Polo-like kinase (Plk1) is an important regulator of several events during
mitosis, including, activation of p34cdc2, centrosome maturation, golgi frag-
mentation and activation of APC and proteasomes. Plk is also a target of
a mitotic DNA damage checkpoint. We have examined both the G2 and
mitotic DNA damage checkpoints in multiple cell lines. We found that DNA
damage introduced during interphase prevented Plk phosphorylation and
activation in a caffeine sensitive fashion. In contrast, DNA damage intro-
duced during mitosis in synchronized cells caused Plk activity to be down
regulated as a result of dephosphorylation. Mitotic Plk1 dephosphorylation
occurs in ATM mutant cells, although these cells have a defective mitotic
checkpoint. Evidence that the PI 3 kinase pathway is involved in regulating
the Plk1 response to mitotic DNA damage will be presented. Lastly, new
data will be shown suggesting a novel role for Plk1 during interphase.
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NF-kB: a factor that provides a link between stress,
inflammation and cancer

M. Karin', G. Bonnizi2, Y. Cao®, M. Delhase?, F. Greten®, Y.L. Hu®,

Z.W. Li7, C. Makris®, U. Sentfleben®. "UCSD School of Medicine,
Laboratory of Gene Regulation and Signal Transduct, La Jolla, USA;
2UCSD School of Medicine, Laboratory of Gene Regulation and Signal
Transduct, La Jolla, USA; 3UCSD School of Medicine, Laboratory of Gene
Regulation and Signal Transduct, La Jolla, USA; *UCSD School of
Medicine, Laboratory of Gene Regulation and Signal Transduct, La Jolla,
USA; °UCSD School of Medicine, Laboratory of Gene Regulation and
Signal Transduct, La Jolla, USA; ®University of Texas, MD Anderson
Cancer Center, Smithville, USA; 7UCSD School of Medicine, Laboraiory of
Gene Regulation and Signal Transduct, La Jolla, USA; ®Merck Frosst,
Laval, Canada

IKK ? A Master Regulator of Innate and Adaptive Immune Respsonses The
IkB kinase (IKK) complex is composed of 3 subunits: IKKa, IKKb, and IKKg.
IKKa and IKKb, the catalytic subunits, display a high degree of biochemical
and structural similarity, both functioning as IkB kinases in vitro. The physi-
ological function of the different IKK subunits and the reason for duplication
of the catalytic subunits was probed by gene disruption and knockin experi-
ments. At their outset, their experiments demonstrated a critical function for
IKKb in activation of NF-kB in response to a large number of proinflamma-
tory stimuli, including TNFa, IL-1, dsRNA, LPS and ISS-DNA. IKKb is also
essential for prevention of TNFa induced apoptosis and is indispensable for
activation of innate immune responses. All of these IKKb- specific functions
depend on IkB phosphorylation and degradation and are mediated through
the canonical NF-kB activation pathway. By contrast, the biological func-
tions of IKKa were found to be rather complex. Although IKKa was found not
to be required for activation, the canonical NF-kB pathway in response to
proinflammatory stimuli, it was found to be essential for skin and bone mor-
phogenesis. The role of IKKa in epidermal differentiation, however, does not
depend on its protein kinase activity or on NF-kB. Recently, IKKa was found
to have a second function ? being required for activation of a second NF-
kB pathway based on the processing of NF-kB2/p100 to p52. This function
does depend on the kinase activity of IKKa and seems to be triggered only
by select members of the TNF family. This function is required for adaptive
immune responses and proper organization and development of lymphoid
organs. A third function of IKKa that is also dependent on its kinase activity
is in development of the mammary gland. This function is exerted via the
canonical NF-kB pathway (i.e. degradation) but is not triggered by standard
proinflammatory stimuli. In summary, duplication of the IKK catalytic sub-
units has enabled the assumption of diverse biological functions that are
differentially dependent on IKKa and IKKb.



