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Abstract

Histone deacetylases (HDACs) play a crucial role in the proper
regulation of cellular functions through their connection with
chromatin and transcriptional regulation. Alterations in HDAC
activity have been reported in several types of cancer encouraging
development of HDAC inhibitors (HDACIs) for cancer treatment. The
antitumor activity of HDACi has been demonstrated, in clinical trials,
in both solid and non solid neoplasias at doses well tolerated by
patients. However, the molecular basis for their tumor selectivity is
unknown. Anaplastic thyroid carcinoma (ATC) is one of the most
aggressive malignancies, having a poor prognosis and being
refractory to conventional chemo- and radiotherapy. To the aim to
find an innovative therapy for the treatment of ATCs, we studied the
effects of two potent HDACis, SAHA and MS-275, on rat thyroid cell
lines transformed by the v-ras-Ki oncogene which is frequently
mutated in ATCs. We show that: i) HDAC 1 and HDAC 2 are
overexpressed in anaplastic thyroid carcinomas compared to normal
thyroid; ii) SAHA and MS-275 induce apoptosis selectively in
completely transformed rat thyroid cells; iii) TNF-related apoptosis-
inducing ligand (TRAIL) is the main mediator of cell death induced
by SAHA; iv) SAHA stabilize TRAIL protein by affecting its

proteasome-mediated degradation.



1 INTRODUCTION
1.1 Thyroid gland

The thyroid gland, which is one of the largest endocrine organ in
humans, regulates systemic metabolism through thyroid hormones.
It is composed of spherical follicles that selectively absorb iodine
from the blood for that production of thyroid hormones (T3 and T4).
The follicles are surrounded by a single layer of thyroid epithelial
cells named follicular cells, which synthesize and secrete T3 (L-
triiodothyronine) and T4 (L-thyroxine) hormones under the control of
the hypothalamic—pituitary axis with negative feedback by the
thyroid hormones (Kondo T, 2006) (Figure 1). Thyrotropin-releasing
hormone (TRH), which is secreted from the hypothalamus,
stimulates the release of thyroid-stimulating hormone (TSH) from the
anterior pituitary gland. TSH stimulates the follicular cells to
synthesize and secrete thyroid hormones.. Parafollicular cells (or C
cells) are in the interstitial spaces outside the thyroid follicles and

produce the calcium-regulating hormone calcitonin.
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Figure 1. Schematic representation of thyroid gland structure and function.
Thyroid follicular cells synthesize, store and secrete thyroid hormones T3 and
T4 under the control of the hypothalamic-pituitary axis with negative feedback

by the thyroid hormones.

1.2 Thyroid cancer

Tumors are the result of the accumulation of different modifications
in critical genes involved in the control of cell proliferation. In a large
number of carcinomas with worst prognosis, lesions are not

diagnosed until the disease is at an advanced stage. Although




various therapeutic approaches are followed in clinical practice,
most of them are not life-saving.

Thyroid nodules can be hyperplastic benign adenomas or malignant
lesions, and can be derive from thyroid follicular epithelial cells or C
cells. However, more than 95% of thyroid carcinomas are derived
from follicular cells (Kondo T, 2006) and are the most common
endocrine malignancies, with an estimated 25,000 new cases
diagnosed annually in the United States. Conversely, only 3% of
thyroid tumors, referred to as medullary thyroid carcinoma, are of C-
cell origin.

Thyroid neoplasms represent a good model for studying the events
involved in epithelial cell multistep carcinogenesis, because they
comprise a broad spectrum of lesions with different degrees of
malignancy which are diagnosed on the basis of histological and
clinical parameters. Follicular cell-derived thyroid tumors include: 1)
benign adenomas, which are not invasive and very well
differentiated; 2) carcinomas, which are divided into well-
differentiated, poorly differentiated and undifferentiated types. Well-
differentiated thyroid carcinomas are papillary (PTC) and follicular
(FTC) types, being differentiated and having a good prognosis
(Kondo T, 2006; Saltman B, 2006). Most well-differentiated thyroid
carcinomas are 2—4 times more frequent in females than in males

and manifest in patients who are between years of age. The papillary
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carcinoma is defined as a malignant epithelial tumor, showing
papillar and follicular architecture and typical nuclear alterations
(Hedinger C,1989). Particularly, “occult” papillary carcinomas are
slow-growing and clinically silent carcinomas. PTCs represent more
than 70% of thyroid malignant tumors and occurr two to three-fold
more frequently in females (Salabe GB, 1994). Exposure to ionizing
radiation and radioactive contamination of the environment increase
the risk of developing this kind of cancer as evidenced by the effects
of the atomic bombs of Hiroshima and Nagasaki (1945), nuclear
testing in the Marshall Islands (1954) and Nevada (1951-1962), and
the more recent nuclear accident in Chernobyl (1986) (Nikiforov Y,
1994; Kazakov VS,1992). After the Chernobyl disaster, the effects of
radiation exposure were most pronounced in children. External
beam-radiation exposure in childhood for the treatment of benign
conditions of the head and neck also increased the risk of papillary
carcinoma (Ron E, 1995).

Differently from papillary carcinomas, which can invade local lymph
nodes, follicular carcinomas are characterized by haematogenous
spread and distant metastasis. FTCs represent 10% of thyroid
carcinomas, they are more common in females than in males and
rarely associated with radiation exposure.

Poorly differentiated (PDTC) and undifferentiated anaplastic

carcinomas (ATC) seem to derive from the progression of
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differentiated carcinomas (Van der Laan BF, 1993 ). Although the
ATC represents 2-5% of thyroid malignant tumors, it is one of the
most lethal human neoplasms being rapidly—growing, very
aggressive and always fatal. Anaplastic cancers invade adjacent
structures and metastasize extensively to cervical lymph nodes and
distant organs such as lungs and bones. Finally, PDTCs,
representing 7% of thyroid carcinomas, are morphologically and
behaviourally intermediate  between  well-differentiated and
undifferentiated thyroid carcinomas. Medullary carcinomas of the
thyroid are significantly less common than follicular cell-derived
thyroid tumor and include multiple endocrine neoplasia 2A and 2B
(MEN2A, MEN2B) and familial medullary thyroid carcinoma. This
type of thyroid tumor is characterized by gain-of-function mutations of

RET proto-oncogene.

1.3 Genetic lesions in thyroid carcinomas

The involvement of several oncogenes has been demonstrated in
thyroid carcinomas (Figure 2). Mutations or rearrangements in
genes encoding RET, NTRK1, BRAF or Ras are detectable in nearly
70% of all cases in well-differentiated thyroid carcinoma (Table 1)
(Kondo T, 2006). RET is a transmembrane receptor-tyrosine kinase

endcoded by RET proto-oncogene which is rearranged in sporadic



and radiation-associated papillary carcinoma. The most common
RET chimeric genes are H4(CCDCG6)-RET (also known as
RET/PTC1) and ELE1-RET (also known as RET/PTC3) in papillary
carcinoma (Kondo T, 2006). The neurotrophic receptor-tyrosine
kinase NTRK1 (also known as TRK and TRKA) is another proto-
oncogene encoding a transmembrane tyrosine-kinase receptor for
nerve growth rearranged in 5-13% of sporadic but only 3% of
radiation-induced papillary thyroid tumors. TPM3, TPR and TFG are
the main fusion partners in the chimeric oncogenes TRK, TRK-T1
and TRK-T2, and TRK-T3 (Kondo T, 2006). BRAF is a
serine/threonine kinase involved in cell proliferation pathways.
BRAFVG00E is the most common alteration in sporadic papillary
carcinoma. BRAF mutations are found in 29-69% of papillary thyroid
carcinoma, in up to 13% of poorly differentiated thyroid carcinoma
and 35% of undifferentiated anaplastic thyroid carcinoma but not in

follicular thyroid carcinoma (Kondo T, 2006).

Genetic alteration PTC FTC PDTC ATC
RET rearrangement 13-43% 0% 0-13% 0%
Braf mutation 26-69% 0% 0-13% 10-35%
NTRK1 rearrangement 5-13% Unknown Unknown Unknown
Ras mutation 0-21% 40-53% 18-27% 20-60%
TP53 mutation 0-5% 0-9% 17-38% 67-88%

Table1. Genetic defects in papillary (PTC), follicular (FTC), poorly differentiated
(PDTC) and anaplastic (ATC) thyroid carcinomas.



Ras mutated is one of the most common genetic lesions found in
human tumors. Ras proto-oncogenes known as HRAS, KRAS and
NRAS play a crucial role in thyroid tumorigenesis. A low incidence of
Ras mutation was found in well-differentiated thyroid carcinoma
whereas this phenomenon is more frequent in poorly differentiated
and undifferentiated thyroid carcinoma, thus indicating its
importance in thyroid tumor progression.

The critical role of ras gene activation in some thyroid cancer
histotypes was confirmed by the induction of thyroid follicular
carcinomas associated to lung metastasis following the injection of
the Kirsten murine sarcoma virus into the thyroid gland of adult
Fischer rats (Portella G, 1989). The important role of ras oncogene
in thyroid cancer was also demonstrated in human follicular and
anaplastic carcinoma where the frequency of mutation in this gene is
about 50% (Nikiforova MN, 2003). Finally, PAX8-PPAR-y
rearrangements which juxtaposes the thyroid transcription factor
PAX8 to the peroxisome proliferator-activa ed receptor (PPAR-y)
and impairment of the TP53 tumor suppressor gene were also
reported in follicular and anaplastic carcinomas, respectively

(Suarez HG, 1990; Fagin JA,1993)
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Figure 2. Schematic representation of genetic alterations involved in neoplastic
transformation in different histotypes of thyroid carcinomas.

1.4 Therapy

Surgical resection and radioactive iodine can be an effective
treatment for well-differentiated tumors. In fact, most thyroid cancer
cells retain the ability to absorb and concentrate iodine. This
provides a perfect "chemotherapy" strategy. Radioactive lodine is
given to the patient with thyroid cancer after their cancer has been
removed. Remaining cancerous thyroid cells will absorb iodine and
will be destroyed by the radioactivity (Kondo T, 2006). However,
undifferentiated anaplastic thyroid carcinomas have a poor

prognosis being refractory to conventional chemotherapy and
11



radiotherapy (Kondo T, 2006). Most of these cancers are so
aggressively attached to vital neck structures that they are
inoperable and death usually occurs within 1 year of diagnosis. A
novel approach that is currently being tested for the treatment of
thyroid cancer is the use of epigenetic drugs like Histone

Deacetylases Inhibitors (HDACIs).

1.5 Epigenetic control of gene expression

In eukaryotes DNA is packaged into chromatin fibers to achieve
compaction, enabling the entire genome to fit into the nucleus, and
allowing DNA transcription, replication, and repair, when necessary

(Figure 3).

Figure 3. Organization of DNA into chromatin, Nucleosome fibers are packaged
into higher order structures giving rise to chromosomes.
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The nucleosome is the basic repeating unit of chromatin polymer
and consists of 146 bp of DNA wrapped around a histone octamer
(Marks PA, 2001). Histones are small basic proteins conserved
throughout evolution and consist of a globular domain flanked by a
carboxy-terminal and a lysine rich amino-terminal tail composed of
positively charged residues. The core histone octamer is formed by
two copies of each of histones H2A, H2B, H3 and H4 organized in
an H3-H4 tetramer and two H2A-H2B dimers. The binding of histone
H1 to linker DNA sequences between nucleosomes leads to a
further chromatin compaction, by mechanisms that remain poorly

defined.

Linker
DMA

Core DNA

Nucleosome

Figure 4. Schematic representation of a nucleosome. DNA is wrapped around
core histone octamer which contains two H3-H4 tetramers centrally located and
two flanking H2A-H2B dimers. Histone H1 links nucleosomes into higher order
structures.
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Histone lysine tails protruding from the nucleosome are sites of

post-translational modifications including acetylation, methylation

and ubiquitination of lysine (K) residues, phosphorylation of serine

(S) and threonine (T) residues, methylation of arginine (R) and ADP-

ribosylation of glutamic acid residues (Fischle W, 2003; Zhang Y,

2001) (Figure 5).
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Figure 5. Covalent modifications of the N-terminal tail of the core histones.
Acetylations are shown as red hexagons; methylation as yellow and orange

squares; phosphorylations as green circles.
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Strahl and Allis (Strahl BD, 2000) proposed that distinct histone
modifications, on one or more tails, act sequentially or in
combination to form a ‘histone code' that is, read by other proteins
leading to distinct downstream events. This theory states that post-
translational modifications can act through two mechanisms that are
not mutually exclusive: (i) by structurally changing the chromatin
fiber through internucleosomal contacts thus regulating the access
of transcription factors to the DNA; and (ii) by generating docking
sites for effector molecules that, in turn, initiate distinct biological
processes. The histone code is part of the epigenetic information
found into the cells. The term “epigenetics” refers to mitotically and
meiotically heritable changes in gene expression that are not coded
in the DNA sequence itself (Egger G, 2004). Indeed, DNA
methylation is another well studied epigenetic mechanism.
Methylation at the C-5 position of cytosine residues present in CpG
dinucleotides by DNA methyltransferases (DNMTs) is generally
considered to facilitate static long-term gene silencing (Lund AH,

2004).

1.6 Histone acetylation

To date, acetylation is the most extensively studied histone post-

translational modification and involves the transferring of an acetyl
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