
Abstract. Background/Aim: Medullary thyroid cancer (MTC) is
highly malignant, metastatic and recurrent, remaining generally
incurable, and responsible for approximately 14% of all thyroid
carcinoma-related deaths. MTC can metastasize to lymph nodes,
trachea and distant organs, such as brain, lungs, liver and bones.
MTC cells are resistant to chemotherapy and traditional external
therapies are not showing definite clinical benefits. Scientists are
trying to understand the molecular background of carcinogenesis

and histone deacetylase (HDAC) seems to play a potential role
to gene transcription. On the other hand, HDAC inhibitors
(HDACI) hamper the HDAC action giving promising results as
new anticancer drugs. The purpose of this review was to evaluate
the current status of research considering the role of HDACIs in
MTC treatment and to present the latest trends in MTC treatment
protocols. Materials and Methods: This literature review was
accomplished using the MEDLINE database. The key
words/phrases were; HDACI, medullary thyroid cancer, HDACI
in the therapy of neuroendocrine tumors, HDACI in MTC. Forty-
one articles were selected from the total number of the search’s
results. Only sixteen papers focus on the use of HDACIs in the
treatment of MTC. In order to extract our conclusions, we took
into account some studies whose main topic does not strictly refer
to the MTC but they contain noteworthy and useful information.
Only English articles published up to August 2016 were assessed
and used for writing this review. Results: Molecules, such as
valproid acid (VPA), vorinostat, suberoyl bis-hydroxamic acid
(SBHA), depsipeptide, belinostat, m-carboxycinnamic acid bis-
hydroxamine (CBHA) and AB3 have shown promising antitumor
effects against MTC. Conclusion: HDACIs represent a promising
field for targeted therapy both for its anticancer properties, as
well as for augmenting radiotherapeutic modalities. More trials
are needed.
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Medullary thyroid cancer (MTC) is a malignant tumor
originating from the parafollicular C-cells of the neural crest
(1). It belongs to the neuroendocrine (NE) neoplasms and,
more specifically, secretes primarily calcitonin (2) but also
chromogranin A (CgA), synaptophysin (SYP), achaete-scute
complex-like 1 (ASCL1), carcinoembryonic antigen, neuron-
specific enolase, serotonin, gastrin-releasing peptide,
substance P, pro-opiomelacortin-derived products and
somatostatin. Patients present with hormone-related
symptoms, such as diarrhea, flushing, ectopic corticotrophin
syndrome, electrolytic disorders and Cushing syndrome (3). 

MTC represents 3% of all thyroid malignancies and is
highly malignant, metastatic and recurrent remaining,
generally, incurable (4-6). However, it is responsible for
approximately 14% of all thyroid carcinoma-related deaths
(5). Roughly half of all MTCs metastasize; lymph node
metastases are frequent, but MTCs can also easily invade the
jugular vein or the trachea and give metastases to more
distant organs, such as the brain, the lungs, the liver and the
bones (7-9). Additional symptoms of advanced and metastatic
MTCs are airway obstruction and abdominal pain (3).

MTC consists of slowly-growing cells, thus being resistant
to chemotherapy that, typically, targets fast replicating cells.
In addition, due to their neuroendocrine nature, MTC cells
do not respond to radioiodine or thyroid-stimulating
hormone (TSH)-suppressive therapy. Therefore, mostly
palliative therapies can be used to alleviate patients’
symptoms, including radiotherapy, chemotherapy, symptom-
targeted therapy, radiopeptide therapy, radioiodinated meta-
iodobenzylguanidine (MIBG) treatment, etc. (5, 6, 9, 10).

A rate of 70% of MTC appears in a sporadic manner, while
the rest 30% of the cases belong to familial forms. There are 3
main familial forms; MEN2A, MEN2B and familial MTC not
associated with MEN (5). MEN2A is characterized by MTC,
pheochromocytoma and parathyroid hyperplasia, whereas
MEN2B includes MTC, pheochromocytoma, ganglioneuroma,
mucosal neuroma and marfanoid habitus (11).

The emergence of MTC is associated with genetic
mutations. One such identified mutation is a chromosomal
rearrangement linking the promoter and N-terminal of an
unrelated gene(s) to the C-terminal of the RET proto-
oncogene (receptor with tyrosine kinase activity) (11, 12).
Scientists are trying to reveal the molecular profile of MTCs
and transfer the battle with MTC to the molecular level.

A promising treatment strategy is inhibiting histone
deacetylases (HDACs) and many novel molecules with
HDAC inhibitory activity are currently being tested. DNA is
wrapped around proteins called histones. HDACs are a class
of enzymes that remove acetyl groups from histone lysine
residues. Histone deacetylation allows DNA to wrap more
tightly, thus becoming less accessible to the cell’s
transcription machine (1, 7). More specifically, HDACs
suppress the expression of tumor-suppressor genes and

promote, in this way, the development and progression of
tumors (13). In addition, HDAC activity is enhanced in both
malignant and benign neoplasms (7). There are several
HDAC groups among which HDAC-1, -4, -6 are related to
tumor size; HDAC is also related to capsular invasion and
HDAC-2 is related to lymphatic and vascular invasion in
malignant neoplasms (14). It is now obvious why the use of
HDAC inhibitors (HDACIs) appears promising in treating
various neoplasms.

HDACIs can promote tumor growth arrest, differentiation
and apoptosis (15). What is more, they can sensitize tumor
cells to radiation and chemotherapy (7) and make tumors more
amenable to surgery (13). More specifically, HDACIs have
been shown to synergize with antitumor/chemotherapy drugs,
such as paclitaxel, cisplatin, etoposide, doxorubicin, the
HAMLET protein complex, etc. Moreover, HDACIs modulate
the expression of microRNAs (miRNAs). miR-129-5p, for
example, is necessary in order for HDACI-induced and drug-
cell death to be achieved. Of course, the most obvious effect
of HDACIs is that the NH2 terminal of histones’ lysine
residues remains acetylated, which gives DNA a more open
configuration. This is important as it allows key genes (e.g.,
tumor-suppressor genes) to be expressed (13).

Recently, HDACI entered clinical trials, particularly for
patients who have already been treated and have multiple
relapses in advanced disease (16-21). The first HDACIs
submitted to tests and clinical studies have shown promising
antitumor effects at doses tolerated by patients.

Zolinza® (vorinostat) constitutes the first HDACI that
received approval for clinical use for the treatment of patients
with hematologic neoplasia (cutaneous T-cell lymphoma) (22).
Currently made therapy studies with HDACIs, either alone or
in combination with cytotoxic or targeted cancer treatments, as
well as at least ten different treatments with HDACIs, are in
phase II or III clinical trials for the treatment of tumors,
hematologic or other (16-21). Unfortunately, until now
published data for the immunohistological expression of HDAC
in MTC are poor. Research focuses on the following molecules;
valproic acid, butyrates, trichostatin A, depsipeptide, vorinostat
(SAHA), suberoyl bis-hydroxamic acid (SBHA), belinostat and
AB3, to which we will make a detailed reference. Major actions
of these agents are summarized in Table I.

Valproic Acid

Valproic (VPA) acid is a branched fatty acid. It has
anticonvulsant activity and is currently being used for treating
bipolar disorders, epilepsy, seizures, depression and other
neuropsychiatric disorders (8). VPA is also a selective class I
HDACI and was proposed for treating malignancies, including
thyroid neoplasms, neuroblastoma and hematological
malignancies. The use of VPA in vitro (doses of 0.5-3 mmol/l)
causes growth inhibition, cell-cycle arrest at G1 phase and
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apoptosis. Apoptosis was induced by down-regulation of pro-
survival/antiapoptotic genes BCL-2 and BCL-XL and up-
regulation of the pro-apoptotic BAX gene. Furthermore, VPA
enhanced sodium/iodide symporter (NIS) expression and,
subsequently, increased the radioiodine uptake for tumor cells
in vitro.

Regarding thyroid malignancies, in the study of Yuan et al.,
the effect of VPA on the inhibition of RET signaling and
induction of apoptosis in human thyroid carcinoma cells (cell
lines) was investigated. VPA induced metabolic stress, activated
AMP-activated protein kinase and increased autophagic flux.
Expression of VPA molecular targets in metastatic human
thyroid carcinoma cells suggests that VPA has a potential to
become a thyroid cancer therapeutic agent (23). 

Moreover, in vitro tumor cell treatment with VPA was
related to the Notch1 pathway activation. Notch1 promotes
tumor suppression, growth inhibition in vivo and in vitro and
overall decrease in NE markers (e.g., calcitonin, CgA,
ASCL1) (5, 8). In a phase I clinical trial, papillary thyroid
carcinoma (PTC) metastatic patients treated with VPA and
5-azacytidine remained stable for approximately 12 months,
whereas MTC patients did not respond to treatment. 

Another therapeutic combination of VPA (or SBHA) and
lithium chloride was shown to be more effective on lower
doses (5).

Vorinostat 

Vorinostat or suberoyl-anilide hydroxamic acid (SAHA) is
composed from novel synthetic hybrid polar compounds. It
is an active class I and II HDACI that can be received orally.
It has an excellent bioavailability and has been approved by
the US FDA for treating cutaneous T-cell lymphoma. It
targets class I and II HDACs and binds directly to their
active site when Zn+2 is present (7). 

In preclinical studies, vorinostat induced tumor growth
arrest and apoptosis by cleaving the Poly(ADP-ribose)
polymerase (PARP), i.e. caspaces -2, -3, -7, -8, -9. It also
induced cell-cycle arrest at G1 phase, early up-regulation of

cyclin-dependent kinase (CDK) inhibitor p21, decrease of
phosphorylation of CDK substrate retinoblastoma and
increased tumor cells’ sensitivity (1, 7). Furthermore, there are
signs of synergistic relationship with doxorubicin, paclitaxel
and paraplatin. Finally, VPA, when administered with
trichostatin A, induced the overexpression of miR-129-5p (13)
(which increases the antiproliferative effect of various cancer
drugs), histone acetylation and cell death. The maximum dose
that can be administered to patients is 200 mg b.i.d. and, till
this point, there are no clinical responses. A phase II study
failed to show any useful results and was terminated for some
patients due to adverse effects (7).

Depsipeptide

Depsipeptides (e.g., FR901228, NSC630176) are bicyclic
peptides produced by fermentation from Chromobacterium
violaceum (1). Ninety percent of depsipeptide circulates in a
protein-bound form. It has a strong cytotoxic activity against
various human cancer cell lines, such as cutaneous or
peripheral T-cell lymphoma, renal cell carcinoma, etc. As far
as thyroid cells are concerned, depsipeptide up-regulates the
expression of thyroglobulin and NIS. The increase in the
number of NIS increases the cell’s capacity for I125 uptake and,
thus, can reverse the tumor cells’ radioiodine resistance (24).
There are no responses from clinical trials so far, whereas one
death, one grade 4 pulmonary embolus and 12 more patients
with adverse effects have been recorded. Depsipeptide causes
no significant toxicity at a dose of 500 ng/ml. Fatigue, nausea,
vomiting, neutropenia and transient thrombocytopenia are all
side-effects of depsipeptide treatment (25).

Belinostat

Belinostat (PXD101) inhibits cell proliferation in a dose-
dependent manner. More specifically, a dose of 1.25 μmol/l
repressed tumor growth up to 45% in MTC, while a 10 μmol/l
dose caused a 95% tumor repression. PXD101 inhibits class
I, IIa and IIb HDACs and causes acetylation of H3, H4 and
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Table I. Histone deacetylase inhibitors (HDACIs) as antineoplasmatic agents and their action in medullary thyroid cancer (MTC).

Substance                                                                                                                                       Action

Valproic Acid                                                                                   Growth inhibition, cell cycle arrest at G1 phase and apoptosis
Butyrates                                                                                            Inhibition of cell proliferation in a dose-dependent manner
Trichostatin A                                                                                                          Inhibition and tumor suppression
Depsipeptide                                                                                             Reversion of the tumor cells’ radioiodine resistance
Vorinostat (SAHA)                                                                                                Tumor growth arrest and apoptosis
Suberoyl bis-hydroxamic acid (SBHA)                                                                Antiproliferative/apoptotic activity
Belinostat                                                                                           Inhibition of cell proliferation in a dose-dependent manner
AB3                                                                                                                    Inhibition of cell proliferation/apoptosis



tubulin. It also leads to apoptosis by accumulation of reactive
oxygen species (ROS). Additionally, belinostat promotes DNA
damage and, more specifically, double-stranded DNA breaks
(DSBs). p-H2AX (Ser139), a DSB marker, is increased. At the
same time, non-homologous end joining (NHEJ) DNA repair
proteins KU70, KU80 and RAD51 (the pivotal homologous
recombination repair protein) are down-regulated (26).

m-Carboxycinnamic Acid bis-Hydroxamine

The m-carboxycinnamic acid bis-hydroxamine (CBHA) has, in
general, the same results with SAHA. It promotes growth arrest
and caspace-mediated apoptosis. Retinoblastoma (RB) tumor
suppressor gene is hypophosphorylated, p21 and BAX protein
are up-regulated, while antiapoptotic proteins BCL-2, BCLA1
and BCL-XL are down-regulated. CBHA activity is also related
to the cleavage of PARP and BH3-interacting death agonist (1).

AB3

AB3 is a novel class I HDACI. It induces the Notch3
pathway and activates the Notch3 mediator C-promoter
binding factor 1 (CBF1). In this way, apoptotic events are
induced, thus inhibiting cell proliferation in MTC. Notably,
the transcription of the HES/HEY gene family is altered;
HES1, HES5, HEY1, HEY2 are up-regulated and HES2 and
HES6 are down-regulated. AB3 is also responsible for PARP
cleavage, XIAP, surviving and p21 suppression, as well as
p27 enhancement, ending up with cell-cycle arrest and sub-
G1 DNA accumulation. AB3 shows the highest inhibitory
activity at doses of 1-10 μmol/l (best: 2 μmol/l) (3).

Butyrate 

Butyrate is a short-chain fatty acid produced by anaerobic
bacterial fermentation of dietary fibers. Βutyrate alters gene
expression and blocks cell proliferation by inhibition of the
chromatin-remodeling activity of HDAC, while it increases
iodine uptake (27, 28). It is suggested that butyrate regulates
gene expression using ATP citrate lyase (ACL)-dependent
and -independent mechanisms. Butyrate is an attractive agent
for chemotherapy or chemoprevention because it selectively
inhibits tumor growth over normal cells without gross
adverse effects (28). Regarding thyroid malignancies, it has
been found that butyrate and TSA repressed RAP activity in
anaplastic carcinoma cell lines (30). Nevertheless, butyrate’s
rapid uptake and metabolism limit its efficacy (29). 

Tricostatin A

Trichostatin A (TSA) is an antifungal drug that can inhibit
HDACs leading functional genes to active or to inhibited
states and regulating their transcription and expression. TSA

might act on the pre-regulation of DNA in transcription,
inhibit HDACs and open the DNA chain through the
acetylation of histones. TSA might act alone or in
combination with other agents (31, 32). It is suggested that
TSA restores the expression of Rap1GAP in thyroid tumor
cells resulting in Rap activity inhibition and tumor
suppression (33).

Suberoyl bis-Hydroxamic Acid

Suberoyl bis-hydroxamic acid (SBHA), like VPA, increases
the amount of active Notch1 protein (5). In addition, it
promotes the up-regulation of BAX, BAD and BMF genes
and increases the amount of p21WAF1/CIP1, p27KIP1, cleaved
caspaces-3 and -9 and cleaved PARP, all of which have an
antiproliferative/apoptotic activity. Moreover, SBHA
treatment results in a decrease of the NE markers CgA and
ASCL1, as well as decrease of cyclins B1 and D1 (mitotic
cyclins), BCL-2 (oncogene) and BCL-XL (apoptotic
inhibitor). In an experimental study, where mice were treated
with 200 mg/kg for 12 days, tumor growth was inhibited up
to 55% (34).

Conclusion

Changes in gene expression or cellular phenotype caused by
mechanisms other than changes in DNA sequence are called
epigenetic changes and they are identified as an important
cause of chemoresistence. DNA methylation and chromatin
remodeling, RNA transcripts and their encoded proteins,
chromatin and mRNA regulation are vulnerable to change
and histone acetylation and deacetylation is a major
mechanism modifying gene expression. Indeed, alterations
in histone acetylation exert crucial changes on chromatin
condensation and gene transcription. An imbalance between
histone transacetylases and deacetylases is often present in
cancer, damaging expressions of tumor suppressor genes
and/or proto-oncogenes (33, 35, 36). The acetylation state
of histones and other proteins is maintained by histone
acetyltransferase (HAT) and histone deacetylase (HDAC)
enzymes. The inhibition of these enzymes affect various cell
functions. However, HDAC inhibitors are extremely specific
for cancer cells over normal cells, as a result of pro-
apoptotic genes’ induction besides their effects on DNA
repair mechanisms. Their action against cancer cells,
involve apoptosis, autophagy, growth inhibition and
differentiation (35).

Several HDAC inhibitors are under clinical development
and two of them, vorinostat and romidespin, have been
approved by the US FDA for treating patients with cutaneous
T-cell lymphoma (CTCL) (35, 36). HDAC inhibitors also
appear to be active in acute myeloid leukemia (AML),
lymphomas and myelodysplastic syndromes (MDS).
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However, in studies involving solid tumors, their efficacy is
questionable. For thyroid cancer, VPA is a potent candidate,
as in other solid malignancies as well (23, 37).

The association of MTC with mutations in the RET proto-
oncogene and the overexpression of HDACs in thyroid
carcinomas allow a field of action for HDACs, which have
emerged as potent, very promising therapeutic agents for the
thyroid cancer. They could be utilized either individually or
in combination with other anticancer drugs (23, 30, 38).
They could be especially valuable in MTC, due to
disappointing prognosis as RET-positive MTC patients are
found to have increased probability of persistent disease and
a lower survival rate (39). Of note, thyroid carcinomas
(MTC) comprise only 3-5% of thyroid malignancies but they
are responsible for 14% of all thyroid cancer deaths. In this
context, the potential value of HDACs is evident (40, 41).
This fact justifies extensive research in the field because,
despite their abundance, explanations of their actions remain
grossly unclear. Also, their use in combination with other
drugs need detailed investigation and the question whether
pan-HDAC inhibitors or selective inhibitors are more
efficient in different types of cancers is yet to be answered.
Especially for solid tumors, there is an urgent need of novel
HDAC therapeutic approaches.
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