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Thyroid cancer: are molecular studies making
any difference?
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Abstract
‘Translational research’ encompasses all activities that apply basic scientific research findings to clinical
practice. Although it has taken almost 20 years since the first scientific discoveries, the approval of new
‘drugs’ such as Herceptin and Avastin represents a successful example. There has also been successful
translation of science into the clinic in the field of otolaryngology.

In the last decade, we have seen major developments in molecular biology and genetics. Two notable
achievements have been the completion of the human genome project and the parallel advances in
high-throughput molecular genomic and proteomic technologies. Linked with these events has been the
enormous accumulation of new data which offers the promise of important future clinical applications.

This review aims to discuss these major scientific developments, to demonstrate successes in thyroid
translational research, and to summarise more recent research findings in thyroid disease which provide
hope for the development of future clinical tools.
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Introduction

Since the elucidation of the structure of deoxyribo-
nucleic acid (DNA) more than 50 years ago,
molecular biology has progressed at a remarkable
pace, attracting huge research funding from the
National Institutes for Health in the USA and from
corresponding funding bodies in the UK. Today,
basic science research is often given greater pre-
cedence than clinical research. Molecular research
in the field of thyroid cancer has also been intensive
over the last few decades.

This review aims to provide an overview, for the
ENT clinician, of the impact of molecular science
in clinical medicine and, more specifically, in the
management of thyroid cancer. An overview of the
most up-to-date research is also presented, thereby
setting the scene for the next decade of thyroid
cancer research.

Successes in translational research

‘Translational research’ aims to bridge the gap
between basic science research and the clinical
setting – so-called ‘bench-to-bedside’ research. The
approval of Avastin (Genetech, San Francisco,
USA) and Herceptin (Genetech, San Francisco,
USA) by the US Food and Drug Authority and the

European Community represents a recent successful
example. Avastin and Herceptin are monoclonal
antibodies which bind specifically to proteins critical
to cancer cell growth, and are examples of novel, tar-
geted therapy.

Herceptin targets human epidermal growth factor
receptors, known to be highly expressed in up to 25
per cent of metastatic breast cancers.1 Its use has
been shown to reduce tumour progression and to
prolong survival in those patients with human epider-
mal growth factor R2 positive metastatic cancer.2

Avastin targets vascular endothelial growth factor,
and blocks the binding of this potent, pro-angiogenic
factor to tumour vasculature, thereby inhibiting
tumour blood supply and growth. When used in
patients with metastatic colorectal cancers, it has
been shown to inhibit tumour growth and improve
survival.3,4 My research group has recently demon-
strated for the first time that thyroid cancer cells
also express vascular endothelial growth factor
receptor. Although further studies are necessary,
Avastin may prove to be important in patients with
advanced or metastatic thyroid cancer.

Bench-to-bedside timeline for Herceptin

Human epidermal growth factor receptor was discov-
ered, sequenced and cloned in 1985.5 Shortly after,
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Slamon et al. demonstrated that approximately 25
per cent of breast cancers expressed high levels of
human epidermal growth factor.1 These cancers
were more aggressive and associated with a poorer
prognosis. Advances in molecular biology, in particu-
lar proteomics, led to the synthesis of human anti-
human epidermal growth factor antibodies for use
in clinical trials. Successful transition through phase
II and III trials resulted in its approval for clinical
use in 2000.1,6

If we trace the development of Herceptin from the
discovery of human epidermal growth factor receptor
through to its approval for use in metastatic breast
cancer, we become aware of several key aspects of
basic science and translational research which are
important for us to grasp, in order to fully understand
the role of basic science research in clinical medicine
(see Figure 1). Firstly, it is evident that, from the time
of the earliest scientific studies, 15 years of continued
and focussed research were necessary in order to
produce eventual clinical benefit. Secondly, advances
in biological knowledge have provided further
understanding of human cancers, without which suc-
cessful translation into clinical medicine would have
been unlikely. Thirdly, parallel advances in molecu-
lar biotechnology have been critical, both for the pro-
gression in biological knowledge and for the
subsequent translation into the clinical setting.

Bench-to-bedside successes in thyroid
cancer research

Examples of successful translation of scientific
research into the clinical setting, which are more
directly relevant to thyroid cancer, include the devel-
opment of Ret genetic testing in patients with medul-
lary cancer for Multiple endocrine neoplasia type 2
(MEN2) syndrome, and the approval of human
recombinant thyroid-stimulating hormone (TSH)
for use as an adjunctive tool in the follow up of
thyroid cancer patients for recurrence.

MEN2 syndrome comprises medullary thyroid car-
cinoma, pheochromocytoma and parathyroid
tumours. Up to 95 per cent of cases are caused
directly by mutation in the Ret gene.7 This provides

a unique model of cancer prevention by genetic
testing developed through molecular studies.

In 1987, initial studies suggested the MEN2 syn-
drome to be caused by genetic defects located, rather
crudely, in the region of chromosome 10q11.2.8

Developments in gene-mapping and sequencing tech-
nology enabled more precise localisation of the
responsible gene and, eventually, the identification of
the Ret gene as the cause of MEN2.9 Having success-
fully sequenced the Ret gene, it was possible to identify
and describe the various sequence mutations evident
in patients with MEN2. Mulligan et al. first described
a missense mutation in the Ret gene as being directly
causative of MEN2.10 Subsequently, further mutations
were described. In 1997, a MEN2 international work-
shop consensus recommended that Ret mutational
analysis was more accurate than standard calcitonin
assay and that it should form the basis for decisions
regarding prophylactic thyroidectomy.11

Progressive research in this area demonstrated that
different mutations were associated with varying
degrees of aggressiveness of MEN2.12 In 2001, a con-
sensus guideline for MEN2 was drafted which rec-
ommended that Ret mutational analysis was
accurate enough to enable stratification of clinical
risk and to inform management decisions, based
upon the precise mutation detected (see Appendix
1).7 Ret genetic testing is now recommended for all
new cases of medullary thyroid cancer, as the test is
now relatively simple and cheap, and the identifi-
cation of the index case of MEN2 has significant
implications for the patient and their family.7

Human recombinant TSH (Thyrogen; Genetech,
San Francisco, USA), is a more recent example of
how molecular research provides clinically useful
diagnostic tools. After characterisation of the a and
b subunits of TSH in 1983,13 breakthroughs in sequen-
cing and cloning technologies enabled subsequent
characterisation of the respective genes a few years
later.14 Modern genetic engineering was employed
to enable in vitro synthesis of human recombinant
TSH.15 Successful clinical trials using human recombi-
nant TSH resulted in its full approval, in 1998, for clini-
cal use in the follow up of thyroid cancer patients.16

Modified a and b genes are stably co-transfected
into surrogate Chinese hamster ovary cells to enable
industrial-scale synthesis and commercial use.15

Tracing the development of Ret genetic testing and
of Thyrogen illustrates, once again, the importance
of continued progress in biological knowledge and
biotechnological advances in the translation, over a
period spanning two decades, of early molecular
studies into the clinical setting.

Challenges in thyroid cancer management

Although the treatment of well differentiated thyroid
cancers (with surgery and radioiodine therapy) offers
a favourable prognosis, there still remain important
challenges to overcome.

Thyroid nodules are very common, being palpable in
approximately 5–10 per cent of the population.17

Differentiation between benign and malignant
nodules represents an important clinical diagnostic

FIG. 1

Timeline outlining development of Herceptin (HER2).
FDA ¼ Food and Drug Authority; Ca ¼ cancer; EC ¼

European Community

D S KIM918

https://doi.org/10.1017/S0022215107009279 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215107009279


challenge. Fineneedle aspiration cytology (FNAC) had
been widely established as a reliable and effective pro-
cedure in the clinical management of thyroid
nodules.18 Despite the high sensitivity and specificity
of FNAC, significant numbers of cases (10–25 per
cent) are indeterminate, with FNAC failing to differen-
tiate between benign follicular lesions and follicular
thyroid cancers.19,20 These cases require surgery, in
the form of hemi-thyroidectomy, in order to achieve a
diagnosis. Only 20–25 per cent of these nodules are ulti-
mately found to be malignant; therefore, 75–80 per
cent of patients undergo an unnecessary operation.21,22

Despite advances in treatment, recurrence still
occurs in approximately 20 per cent of cases of
thyroid cancer, most commonly as local nodal metas-
tases and less often as distant haematogenous metas-
tases, leading to substantial morbidity and premature
mortality.23 Although several clinical scoring
methods (such as AGES, AMES and EORTC)
have been described to identify those at greatest
risk, there exists no reliable molecular or histological
prognostic indicators. The advent of reliable molecu-
lar markers providing diagnostic and prognostic
information from FNAC samples would therefore
have enormous clinical and economic impact.

In contrast to well differentiated thyroid cancers,
poorly differentiated and advanced thyroid cancers
have a very poor prognosis. Indeed, anaplastic
thyroid cancer represents the most aggressive human
cancer, with most patients dying within one year of
diagnosis.24 These cancers are known to be resistant
to radiotherapy and modern chemotherapy regi-
mens.25 More effective, novel treatment modalities
are required. A better fundamental understanding of
thyroid tumour initiation and progression is necessary
in order to develop effective and targeted treatments
for these aggressive tumours.

In an attempt to address these issues, molecular
scientists have sought to identify discriminatory mol-
ecular markers which would provide valuable diag-
nostic and prognostic information. Others have
investigated whether global gene expression patterns
in thyroid cancers can provide insight into these
cancers’ fundamental biology and can therefore
assist in their accurate classification and the predic-
tion of their future behaviour. Research into
several novel methods of targeting and destroying
thyroid cancer cells is ongoing. Early findings are
promising, and offer the hope of future, alternative
treatments for poorly differentiated thyroid cancers.
These areas of research will be briefly discussed.

Molecular markers in thyroid cancer

Numerous genes have been proposed as potential
discriminatory markers in thyroid cancer (see
Table I). Some have been more extensively studied
than others. The present review will limit its discus-
sion to those genes holding the greatest promise,
and to the more recently identified genes.

Galectin 3

Galectins, which are b-galactosil-binding proteins
involved in regulating cell–matrix interactions, have

been implicated in the initiation and regulation of
cell growth and malignant transformation.26,27 The
expression of one subtype, galectin 3, appears to be
necessary for the maintenance of transformed
thyroid papillary cancer cell lines in vitro.28 Numer-
ous studies have evaluated galectin 3 as a marker of
thyroid malignancy in immunohistochemistry, and
have reported high sensitivity and specificity in dif-
ferentiating malignant from benign thyroid disease,
for both FNAC and conventional histology.29 – 33

Two studies showed 100 per cent expression of galec-
tin 3 in malignant thyroid tumours, and no expression
in benign lesions and normal thyroid tissues.26,27 Fur-
thermore, another study specifically examined the
accuracy of galectin 3 staining in distinguishing
follicular carcinoma from adenomas, based upon
FNAC, and reported that galectin 3 accurately pre-
dicted final pathology in 100 per cent of cases.34

Most recently, Bartolazzi et al. used a commercially
available antibody against galectin 3, in a multicentre
study involving 1099 surgical thyroid specimens and
266 FNAC specimens from patients who sub-
sequently underwent surgery. These authors
reported galectin 3 expression in only 3 per cent of
benign adenomas, but found galectin 3 positivity in
97 per cent of papillary cancers, 92 per cent of mini-
mally invasive follicular cancers and 100 per cent of
widely invasive follicular cancers.32 Furthermore, of
the 73 indeterminate FNACs, all malignant nodules
were galectin 3 positive but only 5 per cent of the
benign nodules expressed galectin 3.

Initially, normal thyroid tissue and benign nodules
were considered not to express galectin 3.33

However, galectin 3 expression has also been demon-
strated in Hashimoto’s thyroiditis, using immunohis-
tochemistry, and ubiquitous expression at the

TABLE I

MOLECULAR MARKERS IN THYROID CANCER

Thyroid-specific Tumour-specific

Thyroglobulin Telomerase
Thyroid peroxidase Galectin-3
Na-I symporter Oncofetal protein
TSH receptor Cytokeratin-19
Ret/PTC rearrangements Ki-67

HBME-1
p53 mutations
Ras mutations
Mucin-1
Bcl-2
C-erbB
PCNA
VEGF
C-myc
B-Raf mutations
Pax8/PPARl
PTTG
PBF

TSH ¼ thyroid-stimulating hormone; PTC ¼ papillary thyroid
cancer; HBME ¼ name of gene/protein for mesothelial cell
surface protein HBME1; Bcl ¼ B-cell leukaemia2; C-erbB ¼
epidermal growth; PCNA ¼ proliferating cell nuclear
antigen; VEGF ¼ vascular endothelial growth factor; Pax8/
PPARl ¼ peroxisome proliferator-activated receptor-
gamma; PTTG ¼ pituitary tumor transforming gene; PBF ¼
PTTG binding protein
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messenger ribonucleic acid (mRNA) level has been
seen in benign and malignant thyroid lesions, using
reverse transcription polymerase chain reaction.32,35

Nevertheless, if Hashimoto’s thyroiditis is excluded,
it still appears that galectin 3 expression (detected
via immunohistochemistry) is a potentially valuable
marker of thyroid malignancy. Galectin 3 may thus
be one of the most promising markers for distinguish-
ing adenomas from carcinomas. However, further
studies are needed to evaluate fully whether galectin
3 might be a clinically useful marker, in addition to
currently available diagnostic tools for pre-operative
identification of malignant thyroid tumours.

Mucin 1

Mucin 1 is a type one transmembrane protein which is
involved in cell–cell interactions, signalling and
metastasis. Mucin 1 has been shown to be oncogenic,
possibly by interfering with critical cell–cell and
cell–matrix interactions and thereby promoting cel-
lular dissociation and progression.36 Mucin 1 has
been reported to be upregulated in human malignan-
cies, including aggressive B-cell lymphomas and
breast and thyroid cancers.37 – 39 Upregulation of
mucin 1 has been correlated with increased metastatic
potential and poor prognosis of these tumours.40,41

A very recent study performed a genome-wide
profiling of papillary thyroid cancers and identified
mucin 1 as a potential independent prognostic
marker. Wreesmann et al. reported upregulation of
mucin 1 gene copy number and mRNA expression
in 100 cases of papillary thyroid cancer.42 Half the
cohort was made up of indolent papillary thyroid
tumours and the remaining half of the more aggres-
sive, tall cell variant. Using immunohistochemistry,
Wreesmann et al. also showed, in keeping with
cDNA microarray data, that mucin 1 upregulation
was present in 98 per cent of tall cell variants, com-
pared with only 35 per cent of conventional indolent
papillary thyroid tumours. Furthermore, mucin 1
overexpression was significantly correlated with
decreased relapse-free survival, using univariate
analysis.42 Multivariate analysis showed that this
association was independent of histology and estab-
lished clinical predictors.

The more aggressive tall cell variant, which
accounts for approximately 10–15 per cent of papil-
lary thyroid cancer, is often misdiagnosed on
routine histopathological analysis.43 Mucin 1 has
been shown to be upregulated in virtually all tall
cell variant cells, and this may be used as a adjunct
to aid diagnostic classification. Given that mucin 1
is a potential independent prognostic indicator in
papillary thyroid cancer, further definitive studies
are warranted.

B-Raf proto-oncogene mutation

B-Raf is a serine/threonine kinase and is a member
of the mitogen-activated protein kinase pathway,
which is involved in the transduction of mitogenic
signals from the cell membrane to the nucleus
within. B-Raf gene mutations yield elevated kinase
activity and are transforming in NIH3T3 cells; they

have been shown to be common in human
cancers.44 Several studies have recently identified
the most common B-Raf mutation, T1796A trans-
verse mutation, in 29–69 per cent of papillary
thyroid cancers.45 – 49 Remarkably, to date, this
mutation has consistently been reported to be 100
per cent specific for papillary thyroid cancer, with
no benign thyroid neoplasms having been found to
harbour B-Raf mutations. Consequently, B-Raf
mutation has been proposed as a specific molecular
marker with relatively good sensitivity for the diag-
nosis of papillary thyroid cancer. Moreover, B-Raf
mutation has been demonstrated to be a novel prog-
nostic biomarker which predicts poor clinicopatholo-
gical outcomes.48,49 Namba et al. reported a
significant association of B-Raf mutation with
distant metastases and advanced pathological stages
of papillary thyroid cancer.48 Nikiforova et al.
reported a significant association of B-Raf mutations
with extrathyroidal invasion and advanced pathologi-
cal stages of papillary thyroid cancer.49 Xing et al.
demonstrated, using a novel colorimetric mutation
detection method, that B-Raf mutations were
readily detectable in thyroid FNAC aspirates. In a
series of 48 patients undergoing thyroidectomy for
cancer or suspected malignancy, these authors
showed that 50 per cent of the nodules that proved
to be papillary thyroid cancer on final histology
were correctly diagnosed by B-Raf mutation analysis
on FNAC samples performed pre-operatively; there
were no false positives.50 They also reported a stat-
istically significant association of B-Raf mutation
with neck lymph node metastases and with higher
incidence of recurrence. Using multivariate analysis,
the presence of B-Raf mutation was shown to be an
independent prognostic factor for poor survival in
cases of papillary thyroid cancer.

Overall, detection of B-Raf mutation in thyroid
FNAC samples could be a useful diagnostic, adjunc-
tive technique in the evaluation of thyroid nodules
with indeterminate cytological findings, although
this requires further definition by larger studies.
Furthermore, detection of B-Raf mutation positivity
may help identify those patients who are likely to
have a poorer prognosis, allowing appropriate
referral and planning for more extensive treatment.

Human genome project

In 2003, after a 13-year period of research, scientists
in the human genome project obtained the full DNA
sequence of the 3 000 000 000 base-pairs making up
approximately 25 000 genes of the human genome
(see http://www. Ornl.gov/sci/techresources/
Human_Genome/home.shtml). One of the primary
aims of the human genome project was to provide
an optimal foundation upon which to plan future
genetic and molecular studies. Stimulated by the
daunting task, there were parallel and intense
developments in biotechnology, in order to facilitate
not only the massive sequencing challenge but also
to enable meaningful handling of the huge data set
anticipated. Consequently, one of the major develop-
ments in the last 20 years in molecular science has
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been the ‘omic’ technologies. ‘Ome’ means ‘all’ in
Greek, and these technologies analyse the whole cell,
as opposed to the individual genes or proteins.

Genomics, the study of the whole cell genome, was
the first in the omics era, and developing in the 1990s
with the initiation of the human genome project.
Using laser and computing technology, the whole
genome is placed onto so-called ‘microarrays’ or
‘gene chips’, which are no larger than postage
stamps. Microarrays allow the researcher to assay
all the genes in the human genome simultaneously
and to achieve a global profiling of the gene
expression pattern.

Shortly after this development, advances in
robotics (allowing printing of protein molecules
onto solid medium, and the arrival of ‘protein
chips’) and mass spectrometry led to the arrival of
modern proteomics. Laser desorption of protein
molecules and their analysis by mass spectrometry
have allowed profiling of all proteins simultaneously
within a given tissue.

The most recent addition to omic technology has
been metabolomics, which aims to study the small
molecule metabolic profile. The metabolome
represents the collection of all metabolites in a bio-
logical organism, which are the end-products of its
gene expression.

A testament to the importance of the omics tech-
nologies is the fact that, in the last five years, more
than 15 per cent of all publications relating to
human cancer research have employed one or more
of these analytical modalities. It is believed that
these techniques will form a core analytical tool in
the majority of cancer research projects in the years
to come.

Gene expression signatures in thyroid cancer

In thyroid cancer, it is probable that one molecular
marker will be insufficient, and that a panel of
markers together may be more likely to provide clini-
cally useful information. To investigate which groups
of genes may discriminate cancer and its biological
subtypes, many researchers have employed micro-
array technology. Several studies have proposed
gene sets that have been shown to reliably differen-
tiate cancers from benign neoplasms and to iden-
tify malignant tumours associated with future
recurrence.

Stolf et al. compared global gene expression pro-
files in thyroid follicular adenomas and carcinomas,
and described 14 trio-gene sets that correctly classi-
fied 100 per cent of their tumour cohort samples.51

Similarly, Weber et al. identified three genes, cyclin
D2, protein convertase two and prostate differen-
tiation factor, which allowed accurate molecular
classification of follicular adenomas and carci-
nomas.52 Using two independent validation cohorts,
they demonstrated that the trio-gene set differen-
tiated between follicular adenoma and carcinoma
with 100 per cent sensitivity and 94.7 per cent speci-
ficity.52 Puskas et al. studied the gene profiles of five
types of benign and malignant thyroid nodular tissue
(including multinodular goitre, follicular adenoma

and carcinoma, and papillary carcinomas), and ident-
ified 195 genes the differential expression of which
successfully clustered into the clinically relevant
groups.53 Several other groups have reported
similarly promising data to support the premise that
a molecular classification system for thyroid
tumours is feasible and to be expected in the near
future.42,54 – 56

Microarrays have also been employed to investi-
gate whether gene expression profile in the primary
tumour may predict future biological behaviour. In
an attempt to explore the molecular differences
between primary human tumours and their metas-
tases, Ramaswamy et al. compared the gene-
expression profiles of adenocarcinoma metastases
of multiple tumour types with unmatched primary
adenocarcinomas. A gene expression signature com-
prising 17 genes distinguishing primary from meta-
static adenocarcinomas was described, and those
cancers carrying the gene-expression signature were
more likely to be associated with metastasis and
poor clinical outcome.57

However, there appear to be very few genes which
are common to these separate studies. Differences in
population characteristics, tumour types, selection
and microarray methodologies may account for the
lack of congruity between these studies. More
extensive and well controlled experiments are
therefore needed to identify the genesets that will
prove to be clinically useful, diagnostically and
prognostically.

Novel treatment for poorly differentiated
thyroid cancer

Although treatment for early, well differentiated
thyroid cancer is very successful and provides a
good overall prognosis, more advanced and poorly
differentiated tumours fare badly. Up to 30 per cent
of well differentiated thyroid cancers dedifferentiate
into more aggressive tumours,58 and these tumours
have been shown to respond poorly to currently
available chemo-radiotherapy regimens.25 Besides
surgery and radioiodine therapy, there is little
alternative when these regimens fail or are unsuita-
ble. To address this challenge, molecular research
groups have been investigating several novel
methods of cancer treatment.

Gene therapy in thyroid cancer

Gene therapy aims to introduce an exogenous,
custom-designed gene which allows the manipulation
of the target cells, usually the tumour cells, in order
to allow improved cancer cell destruction and/or
localisation. In thyroid cancer, several different
methods have been investigated to date. Many of
these approaches have so far only been tested in
vitro, and further studies are needed to determine
whether they are efficient and effective in animals
and finally in patients with thyroid cancers, as has
been done in other cancers.
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Corrective gene therapy

Cytoreductive therapy, as the term suggest, aims to
restore the normal function of a deleted or mutated
gene (usually a tumour suppressor gene). The p53
gene, often referred to as the ‘guardian of the
genome’, plays a critical role as a tumour suppressor
gene. This gene either arrests the cell cycle to allow
repair of the DNA damage (often caused by carcino-
genic factors such as irradiation and chemotherapeu-
tic drugs) or induces apoptosis (programmed cell
death) if the DNA damage is deemed too severe
for repair. In this way, p53 plays a major role in
eradicating cells with mutated genes which could
progress into a cancerous phenotype if allowed to
propagate further. P53 is the most frequently affected
gene in human cancers, being altered in approxi-
mately 40–45 per cent of all tumours. There is a
high prevalence of p53 mutations in poorly differen-
tiated thyroid carcinomas, correlating with the most
aggressive histological tumour types.59 Mutations in
the p53 gene appear to be a late genetic event in
thyroid carcinogenesis, being associated with
dedifferentiation and being responsible, in part, for
the aggressive behaviour of these tumours.59,60

In studies using thyroid cells with mutated p53,
reintroduction and restoration of wild-type p53 func-
tion caused a more differentiated cell phenotype.61,62

This was associated with the re-emergence of thyroid-
specific differentiation markers, including thyroperox-
idases, thyroglobulin and sodium-iodide symporter.
The increased expression of the latter re-established
efficient iodide uptake in the treated cells, which
were then amenable to radioiodine treatment. Resti-
tution of p53 function also appeared to enhance
tumour sensitivity to radiation and chemotherapy.63,64

Immunomodulatory gene therapy

This method introduces a gene that induces or
enhances the normal host immune response against
cancer cells. Although tumour cells express antigens
that may trigger an antitumour immune response,
they often evade the immune system. The T-cell
growth factor interleukin two (IL-2) stimulates pro-
liferation and differentiation of natural killer and
cluster of differentiation four glycoprotein effector
cells, and thereby upregulates both specific and non-
specific immune responses.65 Zhang et al. published
several papers demonstrating the feasibility of this
approach in thyroid cancer.66,67 They demonstrated,
using a BALB/c mouse model, that the growth of
tumours induced to secrete large amounts of IL-2
was significantly inhibited. Further observations indi-
cated that both specific and non-specific immune
mechanisms were involved.67 Furthermore, when the
IL-2 gene transduced tumours cells were re-injected
into tumour-free mice, no growth was seen after 60
days, suggesting that long-term immunity had been
established against these tumour cells.66

Cytoreductive gene therapy

This strategy delivers an exogenous gene which
either causes cell death itself or allows the

application of selective cytotoxic agents. The most
common method employed is to introduce into the
tumour cells a gene coding for a ‘sensitising
enzyme’. A chemotherapeutic agent is then applied
as a non-toxic prodrug, which is activated only in
those tumour cells that express the enzyme. The
most widely used system for such ‘suicide’ therapy
is the prodrug ganciclovir together with herpes
simplex virus (type one) thymidine kinase.68 Ganci-
clovir is a nucleotide analogue, and herpes simplex
virus type one thymidine kinase (in contrast with
normal human thymidine kinase) preferentially
phosphorylates and activates ganciclovir. Phosphory-
lated ganciclovir competes with normal nucleotides
during replication and therefore inhibits cell propa-
gation. Nishihara et al. transduced two thyroid
cancer cell types with herpes simplex virus type one
thymidine kinase, and then observed dose- and time-
dependent death of cancer cells after ganciclovir
treatment.69

Gene silencing

This technique exploits the development of antisense
or silencing RNA segments, which are able to
specifically target a complementary gene and cause
abrogation of its expression. Often, these target
genes are oncogenes that are critical to tumour
initiation and progression.

The c-myc proto-oncogene codes for a nuclear
protein that acts as a transcription factor stimulating
cell proliferation.70 In several human tumours,
including thyroid cancers, the gene is amplified and
constitutively activated by a mutation.71 In thyroid
cancer, c-myc overexpression is highest in the most
malignant cell types.72 Cerutti et al. demonstrated
that c-myc expression was raised in cancers and
that blocking its expression with antisense oligonu-
cleotides significantly reduced the growth rate of
the thyroid cancer cells.72

Redifferentiation therapy

De-differentiation of thyroid cancers is observed in
up to 30 per cent of cases.58 As noted above, this is
accompanied by the loss of thyroid-specific functions
and properties, which eventually makes the tumours
inaccessible to conventional therapy.24,25 Most
notably, loss of iodide uptake due to reduction in
expression of sodium iodide symporter makes radio-
iodide therapy infeasible.73 Also, dedifferentiated
tumours lose their TSH receptors and thus become
insensitive to the growth-regulating effects of
varying TSH levels; this obliterates any benefit
from TSH suppression therapy by thyroxine (T4).74

Redifferentiation therapy aims to reverse these dele-
terious changes, making these cancers more amen-
able to radioiodine and T4 treatment.

Retinoid analogues

Retinoic acids are the biologically active metabolites
of vitamin A. They have been shown to inhibit tissue
growth and to possess differentiating properties.75

Retinoids have been used for therapy and

D S KIM922

https://doi.org/10.1017/S0022215107009279 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215107009279


chemoprevention in many different human cancers.76

The most dramatic effects of retinoids are seen in
acute, promyelocytic leukaemia, in which up to 90
per cent remission can be achieved.77 As for
thyroid cells, several in vitro studies have demon-
strated the inhibition of growth and metastatic poten-
tial of thyroid cancer cells, and stimulation of
thyroid-specific functions, including NIS expression
and iodide uptake.78 – 80

These studies indicated that poorly differentiated
thyroid cancers may redifferentiate sufficiently to
become amenable to radioiodide therapy again.
This finding prompted multicentre clinical studies
aiming to assess the potential of retinoids for redif-
ferentiation therapy in thyroid cancer. One study
investigated a total of 75 patients with poorly differ-
entiated, inoperable thyroid cancers with absent or
minimal iodide uptake.81 Radioiodide uptake was
increased in 40 per cent of the patients. In 11 per
cent of patients, tumour size regressed, and in a
further 31 per cent no further growth was detectable.
Another study demonstrated comparable positive
effects of retinoids in thyroid cancer.82

Deoxyribonucleic acid methyltransferase inhibitors

Gene methylation is a common mechanism
employed by the cell to control the expression of
various genes, effectively ‘turning off’ those genes
until required. This process can also be exploited
during tumourigenesis in order to switch off critical
tumour suppressor genes and genes associated with
end-differentiation.83 Indeed, a high degree of gene
methylation has been documented in thyroid
cancers,84 and methylation has been shown to be
responsible for silencing the gene for NIS, causing
loss of iodide uptake.85 Using demethylation agents
such as five-azacytidine and sodium butyrate in
vitro, thyroid cancer cells lacking the ability to
uptake iodide have been stimulated to reacquire
this function through stimulation of NIS
expression.85 Furthermore, sodium butyrate treat-
ment of thyroid cancers has been shown to inhibit
tumour growth in animal models.86

Histone deacetylation inhibitors

Histone deacetylation is another common mechan-
ism used by the cell to regulate gene expression. His-
tones are nuclear proteins intimately associated with
DNA, and their acetylation is required for efficient
transcription of genes necessary for differentiation
function.83 Inhibitors of histone deacetylation, such
as depsipeptide, have been shown to increase NIS
expression and iodide uptake in poorly differentiated
and undifferentiated thyroid cells.87 Phase II human
trials are currently underway for depsipeptide.

Summary and concluding remarks

This review has discussed the impact molecular
research has had on clinical medicine in general
and on thyroid cancer management in particular,
by providing examples of successes in
bench-to-bedside translation of molecular science.

By tracing the time-line in the development of each
of these successful examples, it is evident that there
are two underlying and critical themes, without
which translational research is infeasible, namely,
progress in fundamental biological knowledge and
parallel developments in biotechnology.

The completion of the human genome project
marks one of the major achievements in the last 50
years, and represents an invaluable scientific foun-
dation upon which to base future genomic research
in thyroid cancer. The omics biotechnological revolu-
tion, triggered by the human genome project, is
another major breakthrough in molecular research
and provides powerful tools with which to achieve a
better understanding of thyroid cancer.

Despite excellent treatment available for early,
well differentiated thyroid cancers, other treatment
modalities are urgently required to manage poorly
differentiated and metastatic cancers, which are still
associated with a very poor prognosis. There are pre-
sently many new avenues being explored, including
redifferentiation therapy and gene therapy. Although
it is early days, studies investigating many of these
novel treatment methods have provided exciting
and promising data. Other, equally challenging
issues exist today in the management of thyroid
cancer. To overcome these issues, many groups are
investigating potential molecular markers that may
provide the critical diagnostic and prognostic infor-
mation needed for more optimal treatment of
thyroid cancer.

In conclusion, molecular studies have made a sig-
nificant impact in clinical medicine over the last few
decades, not only in terms of the end-product in
the bench-to-bedside process (such as novel cancer
treatments), but also by advancing our fundamental
knowledge of thyroid cancer and by enabling the
development of exciting biotechnology hardware
critical to future research activities and to the trans-
lation of scientific principles into the clinical
setting. Presently, numerous research groups are
investigating potential tumour markers and evaluat-
ing novel treatments in thyroid cancer.
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Appendix 1. Surgical management of MEN2A,
based upon international MEN consensus, 2001

Risk level three

Highest risk of development of an aggressive and
early form of medullary thyroid carcinoma. Children
with multiple endocrine neoplasia 2B, or those with
mutation carriers in codons 883, 918 or 922, should
be submitted to total thyroidectomy during the first
six months of life, preferentially the first month as
microscopic medullary thyroid carcinoma with
metastases may occur in the first months of life.
Total thyroidectomy should be performed, in associ-
ation with an extensive resection of the neck lymph
nodes, mainly including central neck lymph nodes.

Risk level two

High risk of presenting with an aggressive form of
medullary thyroid carcinoma. Children carrying
RET mutation in codons 611, 618, 620 or 634
should be submitted to total surgery before five
years of age. Total thyroidectomy should be

performed, in association with removal of thyroid
posterior capsule and dissection of central lymph
nodes.

Risk level one

Moderate risk of developing aggressive forms of
medullary thyroid carcinoma. Children carrying
mutations in codons 609, 768, 790, 791, 804 or 891
should also be submitted to total thyroidectomy.
There are three, age-related alternatives for surgical
procedures. Some authors indicate that patients
should be operated upon before the age of five
years, as in risk level two. Others suggest 10 years
of age as a cut-off for surgical indication. A third
alternative is to wait for abnormal basal or stimulated
calcitonin values as an indication for surgery. The
biological behaviours of these tumours are variable,
but frequently present a late or indolent evolution.

(Adapted with permission.)7
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