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TTF-1 - Thyroid transcription factor-1

TTF-2 - Thyroid transcription factor-2

uPA - urokinase type - Plasminogen Activator
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INTRODUCTION



Foreword

Thyroid cancer being the most frequent type of endocrine neoplasia presents features

that make it an attractive model for the study of oncogenesis.

Using epidemiologic and clinic evidence it has been firmly established that thyroid
cancer is often a slow growing neoplasia, carrying high survival rates and long disease
free intervals; thyroid carcinoma is more frequent in females and though it may arise at

any age, it is more frequent after the age of forty.

Despite the aforementioned general pattern, thyroid cancer shows a wide spectrum of
histotypes comprising well differentiated (follicular and papillary) carcinomas usually
carrying a very good prognosis in one end of the spectrum and one of the most
aggressive forms of human tumour, the undifferentiated carcinoma, in the other end.
There is evidence pointing to the existence of a multistep evolution from better
differentiated to less differentiated histotypes and a model of tumour progression was

thus proposed (224).

Based in the WHO Classification (81), the main histologic types of thyroid carcinoma

can be characterized as follows:

Differentiated carcinomas

Papillary thyroid carcinoma (PTC) - A malignant epithelial tumour showing
evidence of follicular cell differentiation, typically displaying papillary and follicular
structures and characteristic nuclear features. Most PTC contain complex branching
papillae that have a fibrovascular core covered by a single layer of tumour cells. The
nuclei of PTC usually display a “ground glass” appearance, large size, irregular contour,
prominent grooving and pseudo-inclusions resulting from cytoplasmic invaginations.
These nuclear features namely the large size, the grooving and the pseudo-inclusions
are very characteristic and have been used to establish on firm grounds the cytological

diagnosis of PTC. Psammoma bodies occur in almost half of papillary carcinomas and
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practically never in other thyroid lesions. Follicles are almost always present and may
be the predominant component. Multiple microscopic tumour foci distant from the
primary tumour including the contralateral lobe of the thyroid are often seen and in
most cases are thought to represent intraglandular spread of the carcinomas; however,
the possibility of multicentricity can not be ruled out. Regional lymph node metastases
are extremely frequent in PTC regardless of the size of primary tumours whereas lung

metastases are relatively rare except in some subtypes of PTC (81).

Follicular thyroid carcinoma (FTC) - A malignant epithelial tumour showing
evidence of follicular cell differentiation but lacking the diagnostic features of PTC. At
variance with the latter, FTC usually display a well formed capsule. The structure of
follicular carcinoma is extremely variable ranging from well formed follicles containing
colloid to a solid, cellular growth pattern. Follicular carcinomas are classified according
to their degree of invasiveness as minimally invasive (“encapsulated”) and widely
invasive. Lymph node metastases are uncommon in follicular carcinomas. Distant
metastases are commonly associated with widely invasive tumours being the lungs and

bones the most frequent metastatic sites (81).

Medullary thyroid carcinoma - A malignant tumour showing evidence of C-cell

differentiation and calcitonin production (81) that will not be addressed in this work.

Undifferentiated thyroid carcinoma - A highly malignant tumour composed in part
or wholly of undifferentiated cells. The tumour is typically composed of varying
proportions of spindle, polygonal and giant cells, and is considered to represent the
terminal stage of the dedifferentiation of a prexisting follicular or papillary carcinoma
due to the presence in many undifferentiated carcinomas of a residual well

differentiated component (81).

A substantial part of our work has been focused in PTC, not only because it is the most

frequent type of thyroid neoplasia, but also because it represents a particularly original
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model in terms of oncobiology. The most interesting clinicopathologic features of PTC

will be summarized in the following paragraphs.

PTC represents 70% of the clinical evident thyroid carcinomas (27, 80, 121), but this
figure is probably underestimated since in addition to the clinically evident PTC there
are many small PTC that will be progressively more and more often detected in the
future due to the ever increasing utilization of sophisticated imagiology procedures (It
has been reported a 3-36% prevalence at autopsy of the so-called “occult” or “papillary
microcarcinoma”) (58, 75, 108, 166, 182). Papillary microcarcinoma of the thyroid, i.e.,
papillary carcinomas with a diameter of lem or less are indeed extremely common and
it has been suggested that they rarely progress to clinical evident cancers (it is not
known if they arise and “freeze” as microcarcinomas or if they may even regress).
Despite their tiny size, microcarcinomas are able to metastasize, and the first clinical
manifestation of its presence may be the finding of metastatic tumours in the regional
lymph nodes. The frequency of lymph node metastases in papillary microcarcinomas is
very high in most of the series on record (22, 58), thus supporting the assumption that
papillary microcarcinomas “epitomise” the dissociation between proliferation/growth

and metastasis.

No matter the size of the tumours, PTC frequently involve cervical lymph nodes at
diagnosis (37%-65%) (22, 58, 80, 122). At variance with the majority of the tumours
arising in other organs, no, or only marginal prognostic significance, has been
associated with the presence of nodal metastases in PTC. Oversimplifying the issue one
may advance that in most series cervical lymph node metastases appear to be linked to
tumour recurrence and disease free interval but not with the overall survival of the

patients (58, 80, 122, 131).

Nodal involvement has been reported to be more frequent in young patients (22, 58,
122) but this fact does not imply a worse outcome. The presence of distant metastases,

which has a bimodal pattern, being more frequent before 20y and after 60y (122), has a
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clearly different prognostic significance in these two groups: relatively “benign” in
young patients and extremely lethal in elderly patients. Age at diagnosis is indeed one
of the strongest and most consistent prognostic factor in terms of survival/mortality of
patients with PTC. Part of the aforementioned prognostic variability stems from
differences in the therapeutic response to radioactive iodine which tends to be very good

in PTC of young patients and regular or bad in PTC of elderly patients.

PTC mainly metastasize via lymphatic vessels to regional lymph nodes in contrast to
FTC which mainly metastasize via blood vessels to distant organs. Distant metastases
are thus more frequent in (widely invasive) FTC than in PTC both at diagnosis and at
neoplastic recurrences. The biologic aspects underneath the diverse metastatic pattern
of the two types of differentiated thyroid carcinoma are not yet known but it is
interesting to realize that despite easy spreading to regional lymph nodes, common PTC
usually lacks the capacity to invade and colonize distant organs. At variance with this
“general rule” some rare morphologic variants of PTC show a high propensity to
metastatizise to distant organs, the lungs being the most frequently involved site, as is
the case of the diffuse follicular variant of PTC and the diffuse sclerosing variant of
PTC, both involving diffusely one or both lobes of the thyroid and occurring usually in
voung patients (58, 60).

PTC are often associated with prominent extracellular matrix response (desmoplasia)
and frequently display intense lymphoceytic infiltration. In some PTC the
fibroblastic/myofibroblastic response to the growth of neoplastic cells is more prominent
than the deposition of collageneous and/or hyaline extracellular matrix. This feature is
particularly obvious in some rare subsets of PTC (PTC e.g. with fasciitis-like stroma) as
well as in the advancing edge of many PTC with an infiltrative growth pattern (As a
rule of thumb one may say that excluding the so-called encapsulated variant of PTC,
usually composed of follicles and/or trabeculae, most PTC are clearly infiltrative
tumours in contrast to the pushing pattern of growth of almost every FTC). It is

tempting to relate this infiltrative “nature” of most PTC, regardless of the prominence
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of the stromal response and lymphocytic infiltration, with the tendency of PTC to
disseminate throughout the thyroid gland and to give rise to regional lymph node

metastases (22,58).

Some of these “peculiarities” of PTC were “in the back of our mind” in the studies we

have performed within the context of this PhD Project.

We will now review briefly the basic data on the regulation of thyroid function and
growth, ending with the comments on the available data on PTC oncogenesis we regard

as the most important background information for our own study.

Development, anatomy and histology of thyroid gland

The thyroid gland develops as an endodermic diverticulum in the middle of the floor of
the primitive pharynx at the level of the first pharyngeal pouch. The ultimobranchial
body, originated from the fifth pouch, becomes incorporated into the developing thyroid,
and it is thought that it is the source of at least some of the parafollicular cells. The first
follicles with colloid arise at 12 weeks. The fully developed thyroid is a highly vascular
bilobed gland, the two lobes being connected together by a thin band of tissue called the
isthmus. It lies over the ventral aspect of the trachea to which it is attached by

connective tissue and weighs approximately 20 grams (111).

Histologically, the functional units of the thyroid gland are the thyroid follicles,
irregular spheroidal structures composed of a single layer of cuboidal epithelial cells
bounded by a basement membrane. The follicles (estimated number: 2-3x107 in the
adult) are variable in size and contain a gel-like material termed colloid. The cells are
polarized towards the lumen filled with colloid. Each follicle is enveloped by a thin basal
lamina, a delicate network of reticular fibers and a plexus of capillaries. The follicular

cells have a round or ovoid nucleus, poor in heterochromatin, and containing one or two

nucleoli (53).
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In actively secreting thyroid glands, the follicles tend to be small and the amount of
colloid diminished; the cuboidal lining cells are relatively tall reflecting active hormone
synthesis and secretion. Conversely, the follicles of less active thyroid glands are
distended by stored colloid and the lining cells appear flattened against the follicular
basement membrane. The thyroid is unique in having a histological organisation that

provides for extracellular storage of its product in the lumen of the follicles (18).

A second secretory cell type - C-cells or parafollicular cells - is found in the thyroid
gland either as single cells scattered among the follicular cells or as small clumps in the
interfollicular spaces. Parafollicular cells synthesise and secrete caleitonin in direct

response to raised blood calcium levels (18).

Thyroid function
The main function of thyroid is to concentrate iodide and to perform the biosynthesis of
thyroid hormones which are essential for the growth and development and for the

maintenance of the level of metabolic activity in the organism.

Thyroid hormones - synthesis and release

The biosynthesis of thyroid hormones occurs in three sequential steps: trapping of
circulating iodide in follicular cells; binding of iodide to tyrosine residues in the
thyroglobulin molecule and coupling of mono- and diiodotyrosines into tri- and
tetraiodotyrc;nines. The concentration of iodide in the follicular cells — “iodide trapping”
- is achieved through an active pump mechanism at the basal plasma membrane, which
uses a sodium mediated Na+ K+ ATPase-like system. This highly efficient mechanism
of “iodide trapping” usually achieves an intracellular iodide concentration 25 times
greater than the plasma concentration. Once inside the cell, icdide is rapidly oxidized
by TPO, prompting iodide binding to amino acids, mostly to tyrosine amino acids in the
thyroglobulin glycoprotein. The iodination of tyrosine residues oceurs in one or two
positions, originating mono- and diiodotyrosine groups on the thyroglobulin molecule.

Coupling of mono- and diiodotyrosine groups originate tri- and tetraiodotyronine groups
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within one chain or between two chains of thyroglobulin. All the iodination/coupling
process occurs by the action of TPO at the follicular cell-colloid interface before
secretion of thyroglobulin into follicular spaces. The thyroglobulin molecules containing
the iodothyronines are stored in the follicles as colloid and endocytosed by follicular
cells under TSH stimulation. Once within the cells the colloid droplets fuse with
lysosomes and the thyroglobulin molecules are degraded originating cleavage products
of iodotyrosine and iodotyronine that go into the cytoplasm. Mono- and diiodotyrosines
are rapidly deiodinated and the tyrosil and iodide residues can then be re-utilized. Tri-
and tetraiodothyronine cleavage products constitute the T3 and thyroxine thyroid

hormones and are released into the blood (17, 111).

Control of thyroid function

The primary control of thyroid function is mediated by TSH a glycoprotein secreted by
the anterior pituitary in response to TRH. TRH is a tripeptide secreted by cells in the
hypothalamus, and carried by the hypothalamohypophyseal portal system to the
anterior pituitary where it binds to specific receptors on the thyrotroph cells,
stimulating their release of TSH. The ability of these cells to respond to TRH is under
the feedback control of T3 and T4. An excess of circulating thyroid hormones diminishes
the response of the thyrotroph cell to TRH and a deficiency of those hormones increases
their response. TSH binds to receptors on the basolateral domain of the follicular cell
membrane and the cells rapidly respond with increased intracellular cAMP

concentration, accelerated iodine uptake and hormone synthesis (17, 53).



Cell signalling and transduction mechanisms in the follicular cell

Function and growth are tightly regulated in cells by cell signalling molecules
(hormones and hormone-like molecules), their receptors, their pathways of signal
transduction and second messengers, establishing a communication network. We will

briefly review some aspects of this network in thyroid follicular cells.

G-protein linked receptors

The characteristic actions of a hormone depend on its recognition of (and by) the target
cell at the level of receptor molecules. In cell membrane receptors the hormone first
binds to its receptor to form a complex which subsequently interacts with various
nucleotide regulatory proteins within the membrane. Receptors in which the regulatory
molecules are guanosine nucleotide proteins are called G-protein linked receptors and

the T'SH receptor belongs to this class (17).

TSH receptor presents a serpentine membrane spanning structure comprising a single
polypeptide chain which crosses the lipid bilayer of the plasma membrane seven times.
Three hydrophilic loops project from the extracellular cell surface into the cytosol.
Binding of the hormone to the extracellular regions, leads to conformational changes in
the intracellular C-terminal domain and to the interaction with G-protein embedded in
the fluid membrane. G-proteins are a family of at least four subgroups of proteins which
act as transducers of hormone activation by modulating the activity of several critical
enzymes (e.g. adenylate cyclase and phospholipase C), known as catalytic units, and

alteration of ion chanels for Ca2+ and K+ within the membrane structures (17, 29, 35).

Each G-protein is composed of three subunits o, § and y. The B and v subunits are
common to different G-proteins and can combine with four different types of o subunits
(s, g, i and o). The chief G-protein that transduces signals from TSH is a trimeric
stimulatory G-protein with a Gso subunit, but Gqo: activations can also take place (42).
In its resting state, Gso is bound to a nucleotide diphosphate, GDP and complexed with

B and v subunits. Binding of an agonist to the receptor changes its conformation,
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causing subsequent association of the hormone-receptor-G-protein complex leading to
displacement of GDP by GTP, which results in dissociation of the activated G-protein
from the receptor. When activated, the subunits dissociate and the o subunit binds and
activates the catalytic unit. The catalytic units (also referred as effector proteins) are
themselves protein enzymes. In normal circumstances, the system is reversible, since
the o subunit is capable of exhibiting guanosine triphosphatase (GTPase) activity,

thereby hydrolysing the bound GTP to GDP (29, 35, 198).

The second messengers compose a system that mediates the various intracellular
effects which characterise the actions of the hormone. Two different types of enzymes,
adenylate cyclase and phospholipase C, are important for the mediation of the actions of
hormones vie G-proteins. They provide separate routes by which peptide hormone

action at the cell surface may be transmitted within the cell.

Gso subunit activates adenylate cyclase which in the presence of magnesium or
manganese ions induces the formation of the cyclic nucleotide ¢-AMP from ATP. c-AMP
can then activate specific cytoplasmic protein kinases (c-AMP-dependent protein
kinases), by binding to their regulatory subunits. These activated proteins, such as
protein kinase A, then induce the intracellular effects associated with the various
hormones by catalysing the transfer of the terminal phosphate of ATP to target proteins

(Fig. 1) (29, 35, 198).

Another important system involves the formation of active molecules from the
membrane phospholipids, following the binding of the hormone to a membrane receptor.
Activation occurs by the nucleotide regulatory complex Gqo. Although the overall
process is analogous to that of adenylate cyclase, a different membrane bound enzyme,
phospholipase C, is the catalytic unit. This enzyme acts on a membrane phospholipid,
phosphatidylinositol 4,5-diphosphate (PIP2), to produce inositol triphosphate (IP3) and
diacylglycerol (DAG). IP3 influences intracellular calcium levels and the other product

formed from PIP2, DAG, activates the membrane-bound enzyme protein kinase C

25



(PKC). PEC phosphorylates intracellular proteins which can then act on a variety of
metabolic pathways within the cell, both in the cytoplasm and in the nucleus, to

produce the actions associated with the initiator hormone (Fig. 1) (29, 35, 198).

TSHR TSHR
TR e PHE
cAMP ATP PIP2
l IP3 DAG
PKA l l
Caz+ PKC
Protein

phosphorylation

Figure 1- Transducing signal pathways activated by TSHR

Tyrosine kinases receptors (TKR)

Some membrane receptors have inherent tyrosine kinase activity. Consequently, when
the appropriate ligand binds to this type of receptor, phospharylation of specific
cytoplasmatic proteins occurs. One effect invariably associated with activation of
tyrosine kinase receptors is dimerization and auto-phosphorylation in the tyrosines of
the receptor itself which may have positive or negative regulatory effects on the
inherent tyrosine kinase activity of the receptor (29). Several TKR are important

regulators of thyroid growth and function namely EGFR and IGF-IR.
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TKR comprise an extracellular domain containing a ligand-binding site, a single
hydrophobic transmembrane domain and a cytosolic domain that includes a region with
tyrosine kinase activity. Two different classes of proteins are associated with the
cytosolic domain of activated TKR: 1) adapter proteins (e.g. GRB2) that couple the
activated receptors to other signalling molecules but have no intrinsic signalling
properties; 2) enzymes involved in signalling pathways (e.g. GAP, phospholipase C).
Following activation of the TKR a complex containing the activated TKR, the adapter
protein GRB2, and a guanine-exchange factor named Sos is formed on the cytosolic face
of the plasma membrane. Formation of this complex depends on the dual binding ability
of GRB2 through their SH2 and SH3 domains. Receptor activation leads to
relocalization of Sos from the cytoplasm to the membrane, bringing Sos near to its

substrate, membrane bound ras protein.

Ras is a small guanine nucleotide binding protein (Gso -300aa; ras-170aa) whose three
dimensional structure is similar to that of the part of Gso that binds GTP. Activation of
ras, which is triggered by binding of many growth factors to TKR, occurs in two steps:
dissociation of the bound GDP followed by binding of GTP. The first reaction is
accelerated by a guanine-exchange factor, like Sos, which binds to the ras-GDP complex,
causing dissociation of the bound GDP. SOS thus functions as an activator that

promotes the formation of the active ras-GTP complex (29, 198).

A conserved cascade of proteins kinases operates in sequential fashion downstream
from activated ras: a) Activated ras binds to the N-terminal domain of raf, a serine-
threonine kinase, localizing this cytosolic protein to the plasma membrane; b) the C-
terminal end of raf binds to and phosphorylates MEK,'a dual specificity protein kinase
that phosphorylates both tyrosine and serine residues; ¢) MEK phosphorylates and
activates MAP kinase, another serine/threonine kinase; d) MAP kinase phosphorylates
many different proteins including transeription factors that regulate the expression of

major cell-cyele and differentiation specific proteins (Fig. 2) (29, 198).
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RTK (e.g. EGFR)

ME K

MAP

Protein phosphorylation
Figure 2- ras transducing signal pathway activated by TRK.

The G-protein linked receptors and the tyrosine kinase receptors can activate different
second messengers apart from those in the main pathways previously described for
TSHR and EGFR. The relevance of the alternative second messengers in thyroid cell

signalling and transduction remains to be elucidated
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Regulators of thyroid growth and function

Thyroid gland remains at the same size throughout adult life. The fetal thyroid weighs
about 0.2 g at 20-25 weeks and 20-30 g in the adult; assuming a grossly similar tissue
composition this growth requires at least 6-7 cell divisions. It was demonstrated by
Dumont and collaborators that human thyroid cells divide about five times in adult life
with cell division and cell death compensating each other (43). It is not clear if only a
sub-population of stem cells has retained this capacity or if all thyrocytes can
proliferate under the appropriate stimulus. It is accepted that adult thyrocytes
submitted to chronic stimulation are able to grow by hypertrophy and proliferation;
however this capacity is limited since, at least in animal models, after 3 months, growth

stops in response to TSH stimulation. Similar observations were made in cell cultures

(10, 43, 164).

Studies in thyroid cell cultures further showed that growth arrest was not accompanied
by morphologic features of senescence, at variance with what happens with fibroblasts
(10, 225). Based on these findings Wynford-Thomas, 1997, suggested that thyroid
growth arrest might represent a differentiation switch rather than a “timed” senescence
mechanism. Recently it was shown that thyrocytes can be rescued from growth arrest
by HPVET which abrogates Rb action, implying that Rb might be crucial for thyrocyte
growth arrest. In the same model the proliferation of thyrocytes observed after Rb
abrogation is followed by a second growth arrest which is Rb independent. Rarely, this
second growth arrest is overcome and is consistently associated with an epithelial-

mesenchymal phenotype switch (225).

Besides promoting the proliferation of thyrocytes in culture from several species
including man (8, 43, 212), TSH plays a major role inducing thyroid function, namely
controlling hormone synthesis and release. Differentiation, as evaluated by iodide
transport, thyroid peroxidase activity and thyroglobulin mRNA content or nuclear
transcription is induced by TSH. TSH thus controls thyroid growth in vivo while

maintaining the expression of differentiation (review by Dumont et al., 1991).
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Some growth factors have been shown to be mitogenic or co-mitogenic (permissive) for

normal thyrocytes in vitro namely EGF, IGF-IR and insulin (43, 67, 181).

EGF induces proliferation in human thyrocytes, but at variance with TSH, the action of
EGF is accompanied by a general and reversible loss of function assessed by iodide
transport and/or thyroglobulin content (6, 144). EGFR are localised in the basolateral
membrane of follicular cells together with TSHR and cell-adhesion molecules (and

probably other receptor molecules) (144).

IGF-I is a permissive factor in thyroid growth. Having little effect alone in thyroid
proliferation IGF-1 acts in a synergistic way with TSH that does not affect
differentiation (6, 191, 210, 211). It was demonstrated that thyroid follicular cells
express IGF-I; this expression is usually restricted to small, “active” follicles (126, 188).
Thyroid follicular cells express also low levels of IGF-IR (126, 188). IGF-I secretion is
stimulated by TSH thus predicting that IGF-1 plays a key physiological role in
synergising with the TSH stimulus to promote thyrocyte growth involving the induction
of an IGF-I autocrine circuit (30, 192). IGF-I leads to MAPK cascade activation using
transducing molecules different from other tyrosine kinases. The phosphorylation of
IGF-IR leads to ras activation via the cytosolic protein IRS-1, and activation of several

proteins, namely GRB2-Sos (24, 119).

It has been proposed a mitogenic effect for insulin in cell cultures. However, it is not
clear if this effect is exerted by its own receptors or through IGF-IR, since the
expression of insulin receptors in thyroid follicular cells is low or undetectable and

insulin has also affinity for IGF-IR (192).
TGF P is normally expressed and secreted by thyroid follicular cells and acts as a potent

inhibitor of thyroid growth. Three distinct TGF B cell surface receptor types (TGF BRI,

IT and II1) have been cloned and characterised. Type I and II are transmembrane

30



serine/threonine kinases, whereas type III receptor is a transmembrane proteoglycans
devoid of intrinsic signalling ability which may facilitate binding of TGF B to type 11
receptor. The most commonly held model for receptor activation proposes that type I
and type IT receptors form an heteromeric complex essential for signal transdution.
TGFp binds a type II receptor which phosphorylates and activates a type I receptor that
then initiates downstream signalling, The recently described TGF signal transducing
proteins SMAD 2, 3, 4 and 5 are phosphorylated and form heteromeric complex

accumulating in the nucleus where they can regulate transcription (123, 217).

Three thyroid specific transeription factors have been identified; TTF-1, TTF-2 and Pax-
8 (25, 109, 231). All of them bind and activate the promoter region of thyroid-specific
genes, thyroglobulin and TPO, regulating the expression of these genes (100). TSH,
IGF-I and insulin increase the transcription and/or DNA binding of the thyroid
transcription factors (147), whereas antisense oligonucleotides to TTF-1 and Pax-8
cause a significant reduction in the proliferation induced in FRTL-5 (thyroid cell line)
by TSH and IGF-I (158). These data suggest that thyroid specific transcription factors

are important in thyroid function as well in thyroid growth.

Growth control and thyroid neoplasia

The role played by signals and cascades controlling thyroid cell proliferation and
differentiation is an important area of research in thyroid pathology in general, and
thyroid oncology in particular. In a few cases the origin of thyroid tumours can be

explained straightforwardly within the frame presented in the above sections.

The best examples concern the TSH pathways via the G-protein. There is evidence
pointing to a role of TSH in the growth and the behaviour of (some) thyroid tumours,
particularly through its mitogenic activity over thyroid cells (200). Clinically, the
treatment with thyroxin in order to suppress TSH has been advanced to decrease the
risk of thyroid cancer recurrence and to improve patients survival but these results

remain disputable (131, 155). TSH stimulates growth and invasion of some
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differentiated thyroid cancer cell lines (42, 43). Recently, it was demonstrated the
growth stimulatory effect of TSH in thyroid tumours arising in ret/PTC1 transgenic
mice (164).

Somatic mutations of the TSHR gene were found in about 50% of hyperfunctioning
adenomas (85, 161). Mutations of the transmembrane domain, encoded by exon 10,
were reported in a subset of thyroid carcinomas characterized by a high basal level of
adenylate cyclase activity and a poor response to TSH (160, 162). These mutations lead
to a constitutive activation of TSHR and consequently of the whole cAMP cascade, thus

being a stimulus for a continuous growth of the follicular cells (160, 185).

Other element involved in the signal transdution of TSH, Gsw protein, has also been
found mutated, at first in autonomously functioning nodules (125, 146) and, afterwards,
in thyroid carcinomas (69, 185, 186). It was suggested that thyroid carcinomas with
mutations of Gso: proteins belong to the characteristic sub-group of tumours with high
levels of basal cAMP (185, 186) and to maintained stimulation due to the oncogenic

mutations (185).

Low or undetectable level of TPO immunoreactivity was found in PTC (32, 189, 197) in
parallel with low or undetectable TPO mRNA levels, suggesting that suppression of
TPO mRNA transcription causes low TPO activity in PTC (189).

The pathways of tyrosine-kinase receptors have been often the target of study in thyroid
carcinogenesis particularly regarding those growth factor/growth factor receptors

implicated in growth and differentiation of thyroid follicular cells (42, 52, 61).

Members of the EGFR family are frequently found deregulated in thyroid carcinomas
and it was advanced the prognostic value of EGFR (over)expression in PTC (3, 134).
EGFR has several agonists, at least EGF and TGFa, have been found in normal thyroid,

and TGFo was found overexpressed in thyroid carcinomas, and, in particular in PTC
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(78, 114). A putative autocrine loop was suggested in PTC leading to an increased
expression of the growth stimulatory pathway driven by EGFR (1, 2, 78). However no
abnormalities in the EGFR gene and in EGFR ligands were detected; in other words, no
structural abnormalities which could be related to the abnormal expression of

EGF/TGFo/ EGFR were observed (2, 78, 118)

Another member of EGFR family that has been associated to thyroid neoplasia,
particularly to PTC, is c-erb B2 . This receptor still is an orphan receptor. It was
advanced that neu differentiation factors could be ligands of c-erb B2 (70) but it was
proposed thereafter that c-erb B2 activation results from dimerization with EGFR,
erbB3 or erbB4, having all these receptors binding capacity to neu differentiation
factors with different levels of affinity (87). C-erb B2 can, at least from a theoretic
standpoint, mediate EGFR activation, but it is not known if ¢c-erb B2 has any effect in
normal thyroid growth and/or differentiation. Though Lemoine et al did not find c-erb
B2 expression or gene alterations in thyroid lesions (118), it has been reported
afterwards the specific overexpression of this protein in PTC (77). Cytoplasmic
expression of c-erb B2 has been recently associated with PTC of young patients and

better survival (3). (see Discussion Section)

IGF-1 is secreted by human thyroid cells and this secretion is stimulated by TSH (192),
It was verified that transformation of thyroid cells with mutant H-ras leads to IGF-I
secretion (31). Conditioned medium from thyroid adenoma cells in culture confers IGF-I
independence to normal thyroid cells (210, 211) due to autocrine production of IGF-I by
the adenoma cells, thus suggesting that autocrine production of IGF-I may be an initial
step in thyroid oncogenesis. In contrast, it was found in the majority of PTC a weak to
moderate expression of IGF-I and IGF-IR (188). The same does not hold true regarding
a subset of PTC presenting an abundant lymphoplasmacytic infiltrate in which a
uniformly strong paositivity for IGF-IR was detected (188). Interestingly, the lymphoid
cells infiltrating these tumours were strongly positive for IGF-I mRNA (188). These
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findings suggest that in this particular subset of PTC a symbiotic relationship between

the tumour cells and the lymphoid cells may exist (188).

As stated above ras is an important element in the transduction of signals from
activated tyrosine kinase receptors. The putative role of ras in papillary carcinogenesis
is controversial, since the different series on record report very different frequencies of
ras activation (4, 73, 102, 115, 116, 135, 137, 138, 148, 175, 187, 219, 228) and some
authors did not even find any activation of ras at all in PTC (127). There is a general
agreement on the much lower frequency of ras activation in papillary carcinomas than
in follicular carcinomas (115, 116, 219). One possible explanation advanced by some
authors to explain this difference lies in the fact that most papillary carcinomas arise as
de novo lesions whereas follicular carcinomas usually arise from preexisting follicular
adenomas (115). The higher rate of ras mutations in follicular carcinomas may thus
reflect their origin from adenomas, in which ras activation is relatively frequent and

presumably plays a key etiopathogenic role (115, 117).

It was also advanced that the difference in ras oncogene activation between follicular
and papillary carcinoma might be related to the different metastatic potential of
follicular carcinomas which disseminate by the blood stream at variance with PTC
which invade locally and wvie lymphaties (127, 219). In one study ras
immunohistochernical expression was correlated with the degree of aggressiveness of
PTC (4), in this study there was, however, no correlation with the presence of distant

metastases.

Ret is a transmembrane tyrosine kinase protein signalling for neurotrophic factors —
Glial-cell-line-derived neurotrophic factor (GDNF) and neurturin (NTN) — through a
multicomponent receptor (104, 194). This receptor is composed of a shared
transmembrane protein tyrosine kinase (ret protein) and a ligand-specifie GPI-linked
protein (104). Ret proto-oncogene is expressed during development in excretory and in

the peripheral and central nervous systems; in thyroid only the C-cells express ret (49).
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Ret gene, located in chromosome 10q11.2, has been implicated in hereditary and
sporadic cancer and its activation can result from mutation or rearrangement (40, 88,
107). Point mutations in the different regions of the gene are associated to different
cancer syndromes (199). A missense mutation in the cysteine rich domain is involved in
the majority of the MEN2A tumours, This cystein rich region is also frequently involved
in (isolated) familial medullary thyroid carcinoma (FMTC). Almost all the cases of
MEN2B show alteration in the methionine in codon 918. Mutations in ret oncogene
have also been found in Hirshprung disease, where they cause loss or truncation of ret
protein. In contrast to Hirshprung disease tbe mutations occurring in MEN 2A, MEN
2B and FMTC lead to oncogenic activation of ret by change in cytoplasmic substrate (in
MEN 2B) or increased oligomerization (in MEN 2A and FMTC) (For a review see
Komminoth, 1997).

Ret rearrangement is found, overall, in about 30% of PTC but the frequency of the
rearrangement varies widely among the series (12, 13, 64, 71, 95, 105, 139, 167, 168,
169, 184, 206, 214, 215). Ret rearrangement has never been described to the best of our
knowledge outside PTC, thus representing a unique example of organ and tumour
specificity. Although different types of rearrangement have been described to date they
share some common features: the breakpoint in ret gene is usually in the intron 11, the
genes involved in the rearrangement are normally expressed in the thyroid and the

translocated region has dimerization domains (89, 110, 193).

The rearrangement leads to the expression and dimerization in the cytoplasm of ret
tyrosine kinase domain. The dimerization results in autophosphorylation of the kinase
domains in the absence of the ligand for ret (89, 110). It is not known if the different

forms of rearrangements have different oncogenic effects (107).

Trk a tyrosine kinase receptor for nerve growth factor has also been found rearranged
in PTC by a similar mechanism as ret. In the majority of the cases intrachromosomal

rearrangements involving trk gene and tropomyosin gene both located in chromosome 1
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lead to the formation of trk derived oncogenes (13, 133). Although few data is available
about trk rearrangements in PTC, its frequency seems to be much lower than those
ones involving ret oncogene. No further information is available in the phenotypical
characterization of these tumours, except for the higher frequency of trk

rearrangements in PTC from younger patients (12).

A role of tumour suppressor gene has been attributed to TGFPR in epithelial models. In
thyroid TGFJ acts as a potent inhibitor of cell growth and it is therefore likely that
genetic alterations that induce modifications in the expression in either TGFB or
TGFBR may result in cellular growth advantage and consequently serve as a step in
thyroid carcinogenesis (123). Loss of TGFp responsiveness was observed in advanced
stages of thyroid tumours (221) although a retained sensitivity to the growth inhibitory
effect of TGEFP was observed in papillary thyroid carcinomas in vitro (8). Furthermore,
in a model of ras-transfected thyroid cell line, loss of responsiveness to TGF B was
associated with tumourigenicity in nude mice (8, 9). A reduced amount of mRNA and
protein expression of TGFBR was found in a series of thyroid carcinomas when
compared with their relative normal counterparts (112). The greatest reduction in
TGIBR expression was found in an undifferentiated carcinoma (112). No alterations in
the gene structure were detected in any of the cases, thus suggesting that abnormalities
in the transcriptional regulation of TGFBR gene might be involved in the escape from

TGFpB growth control (112).

P53 has been extensively studied in thyroid tumours (37, 38, 39, 50, 51, 84, 86, 91, 130,
136, 218, 223, 229). Being found overexpressed/mutated in the majority of the
undifferentiated carcinomas, a key role in the transition to the undifferentiated type
was attributed to pH3 mutation (39, 90, 91), whereas only few studies reported the
existence of alterations of this protein in differentiated tumours (55, 165). In vitro
reintroduction of wild-type p53 in thyroid carcinoma cell lines harbouring an
inactivated pb3 leads to the expression of differentiated features, namely the

reexpression of thyroid peroxidase (51). These findings point to a role of p53 in the
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differentiation of follicular cells. This effect seems to be exerted via the activation of the

thyroid specific transeription factor Pax-8 (51)

The tumour supressor gene for retinoblastoma susceptibility (RB) was also found
frequently anomalous in a series of PTC (52). This finding fits with the notion that RB
gene plays a major regulator role in follicular cell proliferation since abrogation of RB
function by HPVET leads to hyperplasia and tumour development in the thyroid (225).
Despite this, in immunohistochemical studies no abnormal expression of RB protein

was detected (86).

Several proteins involved in the regulation of cell cycle such as inhibitors of cyelin
dependent kinases were analysed in thyroid lesions at the gene and/or protein level (20,
92, 124). Reduced expression of p27, a protein that regulates cell eycle progression from
G1 into S phase by binding to and inhibiting the cyclin E/Cdk2 complex, was found in
thyroid carcinomas when compared to normal thyroid and follicular adenomas (124).
Concerning pl6, no gene or expression alterations were found in a series of primary
thyroid tumours, whereas different types of inactivation (deletions, point mutations and
methylation of CpG islands in the exon 1) were described in thyroid cell lines of the
papillary and follicular histotype (20, 94, 98). These findings suggest that, despite not
being directly involved in the process of tumourigenesis in thyroid, pl6 probably gives
selective growth advantage in tissue culture (98). Shi et al., 1996, found evidence of
deletion of WAF1/p21 transcript at the mRNA level in a minority of PTC, due probably
to abnormal RNA splicing since no gene deletions or rearrangements were found at the
genomic level (174). In contrast to normal thyroid, consistent immunchistochemical
expression of WAF/p21 was found in thyroid tumours, including PTC, but no correlation

with clinical or prognostic parameters could be established (92)

A large number of molecules has been studied in thyroid cells in both normal and
pathologic situations. It would be impossible to review and refer to all the data on

record on thyroid oncogenesis in this short review. We are aware that important or
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putatively important factors in several domains were not addressed so far. However we
decided to refer only to those ones that appear to be more consistently invelved in
thyroid papillary oncogenesis. Some of the factors either omitted or only briefly referred

until now will be referred in the Discussion Section.
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From the model of development of thyroid tumours proposed by Wynford-Thomas (224)
two distinet routes involving different initiating genetic events would lead to the two
major types of differentiated thyroid carcinoma: ras mutation would act as the initial
event for the follicular carcinogenesis and ret rearrangement as the initial event for
papillary carcinogenesis (224). It is generally accepted that p53 mutations are a key
event in the establishment of undifferentiated carcinomas from pre-existing
differentiated types (39, 91, 224). We have focused our work on PTC, not only because
we were particularly interested in the study of this type of thyroid carcinoma but also
because it would be impossible to follow the natural history of other types of thyroid
carcinoma; whenever necessary, however, we have also analysed, for comparative

purposes, other thyroid lesions.

Furthermore, we have concentrated our study, for practical reasons, only on some of the
factors putatively linked to the etiopathogenesis and development of PTC. The criteria
used in the selection of the aforementioned factors stem from our interest in addressing
the issue of the dissociation between growth and invasiveness in PTC rather than from
any quantitative evaluation of the relative importance of the molecular biology features
of PTC oncogenesis. (In other words, we do not even know if the features we have

selected for study are the most important in terms of the pathobiology of PTC).

The capacity of tiny micropapillary carcinomas to give rise to metastases in regional
lymph nodes is the clearest manifestation of the dissociation between growth and
invasiveness in PTC. The consistently low proliferative rate of PTC regardless of the

metastatic status reinforces such dissociation.

PTC frequently occurs in young people who frequently present lymph node involvement
and, less often, though not rarely, lung metastases. Even in this setting PTC are
potentially curable, partly because the neoplastic cells retain usually their capacity on

trapping radioactive iodine, almaost like normal cells, and partly because the metastatic
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ability of PTC is not accompanied in most cases by other features of clinical

aggressiveness, thus showing, once more, the peculiarities of PTC behaviour.

Genetic alterations in the main regulators of thyroid growth (I'SH, EGF and IGF-I)
have been rarely, if ever, found in PTC. Mutations in the genes of the TSH receptor/Gsa
pathway have only been reported in an extremely rare subset of PTC, the so-called
hyperfunctioning PTC (146, 160). At variance with this, PTC exhibits major changes in
tyrosine kinase receptors with two main types of alterations: gene rearrangement with
de novo expression in the cases of ret and trk proto-oncogene (13) and overexpression
without apparent structural genetic alterations of several growth factor/growth factor
receptors such as EGFR and c-met/HGFR (3, 36). In an oversimplified way we could
summarize the aforementioned data stressing that, apart from ret and trk, very few
genetic alterations have been ascribed to PTC; in contrast to this, numerous alterations
in the expression of growth factors/growth factor receptors are frequently found in PTC.
Taking these features into account, together with the expertise of our Institute and our
own goals, we decided to build up the present study addressing the following four main

questions:

1. Is proliferation/genomic stability deregulated in PTC?

The quantification of thyroid proliferation is crucial to determine to what extent growth
is deregulated in thyroid pathology. The use of immunohistochemical markers of cell
proliferation appeared to be a reasonable method to deal with clinical samples. For this
purpose we evaluated the proliferation indexes of thyroid lesions in general, and PTC in

particular, using two proliferation-related immunohistochemical markers, PCNA and

MIBI1.

An attempt to address the apoptosis “arm” of PTC development was also undertaken

through the evaluation of the expression of bel2 protein .



Deregulated growth can result from alterations in genes that control genomic stability,
namely in genes involved in cell cycle control or in genes involved in DNA stability. In
an attempt to evaluate the genomic stability status in thyroid tumours, p53 which is
known to be involved in cell cycle control as well as a tumour suppressor gene in
neoplasia, was studied. Genomic instability resulting from alterations of genes involved
in DNA mismatch repair has been recently reported in hereditary and sporadic
tumours. Alterations at microsatellite loci have been described as a phenotypic marker
of these tumours usually designated as MI tumours (mutator phenotype). This type of
genomic stability could also be deregulated in thyroid papillary carcinomas. Having in
mind that p53 and MI are thought to represent two distinct mechanisms in
carcinogenesis — the suppressor and the mutator pathway — we studied both of them
in an attempt to find if any of these two mechanisms of carcinogenesis (or both) are

operative in thyroid tumours, as described in tumours of other organs.

2. Are growth factor/growth factor receptors specifically deregulated
in PTC (or in a subset of PTC) at gene/expression level?

In an endocrine organ where cell-cell and tissue-organism communication has a key
importance, alterations of growth factor/growth factor receptors are known to play a
major role in the neoplastic development and inherent growth and differentiation
deregulation. In this field we decided to select c-erb b2 and c-met/HGFR as main targets

for study both at the expression and at gene level.

3. Is the particular invasive/metastatic pattern of PTC related to
alterations in the epithelial-adhesion molecule E-cadherin?

It seems logical to assume that in thyroid carcinogenesis, like in the neoplastic
development of other organs, cell-adhesion systems may play a role. Such systems are
likely to be particularly important in a neoplasia characterised by local invasiveness
and a high frequency of lymph node involvement at diagnosis like PTC. As a key

molecule of cell adhesion in epithelial systems E-cadherin was studied both at the

43



expression and gene level. Vimentin expression, an intermediate filament putatively

related to the metastatic ability was also evaluated.

4. What does ret activation mean from a clinical and a pathobiological
standpoint?

The scarcity of data relating the biological impact of the activation of ret oncogene, the
sole genetic alteration which can be attributed specifically to PTC, with the clinical
behaviour of the tumours, pushed us to investigate such relationship. For that, selected
features of PTC with and without ret rearrangement were compared from a clinical and

a pathobiological standpoint.
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The methods used in the different studies are described in detail in Papers 1 to VL

Briefly, the following methods were used:

Immunohistochemistry - Used in the study of the expression of c-erb B2, p53, E-
cadherin, MIB-1, PCNA, bel2, c-met/HGFR , vimentin, cytokeratins, thyroglobulin
(Papers 1 - IV and VI). The immunohistochemistry study of uPAR was performed
following th> same methodology described in Papers I to IV and VI, using a polyclonal
antibody (Kind offer from Doctor Ebbe Renne).

Southern-blot - Used in the study of ret rearrangement, and of ¢-met/HGFR and c-erb
B2 genes (Papers IT and VI).

Western-blot - Used in the characterisation of c-erb B2 protein (Paper I1).

PCR (polymerase chain reaction) - Used in the analysis of dinucleotide microsatellites

(search of MI) and E-cadherin gene (Papers IV and V).

SSCP ( single strand conformation polymorphism) analysis - Used in the screening of

mutations of the E-cadherin gene (Paper IV).

CDGE (constant denaturating gel electrophoresis) - Used in the screening of mutations
of the hMSHZ2 gene (the analysis was performed at Radium Hospital by the co-authors
of paper) (Paper V).

Sequencing - Used in the DNA sequencing of the E-cadherin gene, using both
automated and manual techniques (Paper IV).

Methodological considerations will be included in the discussion when appropriate.

The biological material included in the different studies is described in Papers I-VI; due
to the diversity of the lesions used in each of these studies we will omit now their

description.
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The results are presented in detail in Papers [ to VI. A summary will be presented here
stressing the most interesting findings in relation to the issues raised in the Aims
Section.

Proliferation - The proliferative index of PTC is low and similar to those of benign
lesions and follicular carcinomas evaluated through PCNA immunoreactivity (Table 1)
(Paper 1). This finding was confirmed by the study of Ki-67 using MIB-1 antibody (Fig.
3A). The mean value of MIB-1 in PTC was 1.45% (min-0.2; max-4.5; SE-0.7) (Paper VI).

Table 1 - Summary of the data on the immunoreactivity for PCNA in thyroid lesions

Diagnoses (1 Mean (SE) p value®
%

Benign lesion (13) 3.6 (L.9) Ng##

Papillary carcinoma (12) 4.401.5) NG##

Follicular carcinoma (9) 2.9(1.2) NS#*

Poorly differentiated carcinoma (30) 11.5(2.2) < 0.05%#

Undifterentiated carcinoma (12) 38.7(3.9) < 0.01%%*

* Caleulated using ANOVA and Student’s t test.
** No significant differences between benign lesions and both types of well differentiated carcinomas.
*##5In comparison to benign lesions and well differentiated carcinomas. For details see Paper [

Proliferative index obtained by PCNA and MIB-1 were compared in a series of 10 cases
of follicular adenoma and adjacent thyroid (r=0.67)unpublished results)(Table 2).

Table 2- PCNA and MIB-1 percentage of immunoreactive cells in 10 thyroid lesions and
adjacent thyroid '

MIB-1(%) PCNA (%)

CASE Normal thyroid Adenoma Normal thyroid Adenoma
1 0 0.6 Lo 4.6
2 0 1.5 0.3 2
3 0.1 1 2.1 5.2
4 0.1 0.5 14 2.8
5 0.1 0.5 0.5 5.1
§ 0.2 0.4 2 2.4
T 0 0.5 0.7 2.3
8 0.6 1 14 6.8
9 0.2 0.3 0.9 1.7
10 0.9 0.8 1 1.2




Figure 3B - uPAR expleasxon in a focus of paplllazy carcinoma. Note the contrast between the
neoplastic cells and the adjacent normal parenchyma.
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Bel 2 - Immunoreactivity for bel-2 was observed in most PTC as well as in the normal
adjacent thyroid (Paper VI). The immunoreactivity was cytoplasmic and usually less
intense in the carcinomas than in the normal thyroid.

P53 - No nuclear immunoreactivity for p53 was found in any PTC at variance with its
finding in a few widely invasive follicular carcinomas and poorly differentiated
carcinomas and in many undifferentiated carcinomas (Table 3) (Paper I11)

Table 3 - Summary of the data on the immunoreactivity for p53 in thyroid lesions

Diagnoses (n) Staining Score*

Neg < 10% 210 <50% 250%

n(%) n(%) n(%) n{%)
INodular goitre and adenoma (14) 14 (100) 000) 0(0) 0(0)
[Papillary carcinoma (12) 12 (100) 000) 000) 000)
[Follicular carcinoma (10) 8§ (80) 2(20) 000) 000}
[Poorly differentiated. carcinoma (31) 26 (84) 4(13) 13 000
IUndifferentiated carcinoma (12) 2(16) 2(16) G(50) 2(16)

*Percentage of immunoreactive cells. For details see Paper 111

Microsatellite instability (MI) - The prevalence of MI is low in PTC and apparently
does not differ from those observed in benign lesions and other types of carcinoma
(Table 4) (Paper IV). No mutations were found in the hMSH2 repair gene in the cases
which were positive for MI (Paper IV).

Table 4 - Frequency of microsatellite instability in thyroid lesions

Diagnoses (n) MIz1 MI=3
ni%) n(%)
Nodular goitre (13) 2(15.4) 1(7.6)
Follicular adenoma (15) 2(13.3) 1106.6)
Papillary carcinoma (12) 2(16.7) 1(8.3)
Follicular carcinoma (4) 1(25.0) 0
Poorly differentiated carcinoma (2) 00 0(0)

For details see Paper IV



c-erb B2 - No gene alterations (amplification or rearrangement) were found by
Southern-blot. Immunoreactivity for c-erb B2 in PTC, as well in other thyroid lesions
and in the normal thyroid, was always cytoplasmic. No significant differences were
found in the intensity of the staining and percentage of immunoreactive cells between
PTC and other benign and malignant thyroid lesions (Table &) (Paper I1). By Western-
blot the c-erb B2 antibodies identify a protein with lower molecular weight than that
reported for the mature form of c-erb B2.

Table 5 - Summary of the data on the immunoreactivity for c-erb B2 in thyroid lesions

Diagnoses (n) Stlaining Score

Neg < 10% 210 «50% 250%

n(%) nl%) ni% ni(%}
Nedular goitre (4) 010 00 2 (50) 2(H0)
Adencma (6) 0(0) 4 (66) LT 1(17)
Follicular carcinoma (4) 0(0) 2 (50) 1(25) 1{(25)
Papillary carcinoma (10) 1(10 4(40) 4 (40) 1(10)
Poorly differentiated carcinoma (6) 21(33) L¢3 21(33) 1(17)
Undifferentiated carcinoma (1) 010 1(100) 0 (0 0(0)
Medullary carcinoma (3) 2 166} 0t 1(33) 0
Normal thyroid (25) 1) 12 (48) 7(28) 5(20)

* Percentage of immunoreactive cells. For details see Paper [1

c-met/HGFR - No gene alterations (amplification or rearrangement) were found by
Southern-blot in any PTC (Fig. 4). The immunoreactivity for ec-met/HHGFR in PTC was
cytoplasmic and the majority of the PTC were positive for c-met/HGFR protein (Paper
VI) in contrast to the absence of immunostaining in the adjacent normal thyroid. A

positive correlation was found between the expression of c-met/HGFR and vimentin in
PTC (r =0.6; p = 0.002)

o x» = i wiist: 5‘«« &« s i
Figure 4 - Southern blot analysis of c-met/HGFR gene in papillary thyroid

carcinomas. DNA samples were digested with EcoRI and hybridized to c-
met/HGFR probe.
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E-cadherin - Mutation of E-cadherin gene was found in 1 out of 14 PTC (7%). The
mutated case presented a missense mutation at exon 12 of the E-cadherin gene and was
classified histologically as a diffuse sclerosing variant of PTC. Immunoreactivity for E-
cadherin was detected in normal thyroid as well as in the majority of all the types of
lesions (Table 6) (Paper V). PTC presents frequently low and heterogenecous
immunoreactivity. The immunoreactivity of the mutated PTC did not apparently differ
from that of the remaining PTC (Paper V)

Table 6 - Summary of the data on the immunoreactivity for E-cadherin in thyroid lesions

Membrane* Cytoplasm*
Diagnoses (n) 0 0/+ + ++ 4+t 0 0/+ + R
Follicular adenoma (2) 2 1 1
Papillary carcinoma (17} 3 9 3 2 3 6 3 5
Follicular carcinoma (8) 3 5 3 1 3 1
Poorly differentiated carcinoma (3) 2 1 2 1
Nodal metastasis from PTC (7) 3 4 1 5 1

# Intensity of the staining. For details see Paper V

uPAR- All the PTC presented cytoplasmic uPAR overexpression in contrast to the
adjacent thyroid (Fig. 3B) (Table 7). The immunohistochemical score was significantly
higher (p = 0.02) in cases presenting venous invasion than in the remaining PTC {Table
8). Tumours greater than 3 em showed a tendency for strong immunoreactivity (p = 0.08)
(Table 8).

Table 7 - Summary of the data on the immunoreactivity for expression of uPAR in a series of
31 PTC.

Percentage of immunoreactive cells <25% =225 <60% =50 <75% >75%
n (%) 0(0) 8 (26) 8 (26) 15 (48)
Intensity 0/+ + ++ 4

n(%) 6(19) 9 (29) 13 (42) 310

L
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Table 8 - Comparison between the uPAR staining score and clinicopathological data in a series
of PTC.

Staining Score* p value**
(n)

Gender NS
Male 10.0 (5)
Female 7.9 (26)

Age NS
<45y 8.0 (20)
245y 8.7(11)

Tumour diameter NS
<3 cm 7.2(19) (p=0.08)
23 cm 10.4 (10)

Tumour proliferative rate NS
<1.5% §.0119
21.5% 8.7(12)

Multicentricity NS
Absent 7.65(11)
Present 8.3 (16)

Extrathyroidal growth NS
Absent 7.6 (21)
Present 9.3(7)

Vascular invasion p=0.02
Absent 6.7 (20)
Present 11.3(8)

Lymph node involvement NS
Absent 7.9017)
Present 8.7 (14)

*The staining score was determined as described in Paper VI. For details see Paper VI
#* Caleulated using ANOVA and Student’s t test

ret - Rearrangements of ret were found in 24.2% of PTC. The mean age of the patients
with tumours displaying ret rearrangement was significantly lower (p=0.005) than that
of the patients harbouring cases that did not present rearrangement (Table 9). The
proliferative rate of PTC with ret rearrangement was suggestively lower (p=0.09) than
that of PTC without ret rearrangement (Scattergram 1) (Paper VI).

No significant differences were found between cases of PTC with and without ret
rearrangement in relation to bel-2 expression (Table 10) (Paper VI).

The comparison of c-erb B2 immunoreactivity in cases of PTC with and without ret
rearrangement did not reveal any significant differences (Table 10) (Paper VI).

In the comparison of ¢-met/HGIF'R immunoreactivity in cases of PTC with and without
ret rearrangement no differences were also found (Table 10) (Paper VI).

Cases of PTC with ret rearrangement showed a significantly lower (p=0.007)
cytoplasmic immunoreactivity for ‘E-cadherin than cases without rearrangement
(Scattergram 2) (Table 10) (Paper V).



Almost every PTC (81%) displayed immunoreactivity for vimentin in contrast to the
adjacent normal thyroid (Paper VI). The expression of vimentin was localised in the
basal pole of the cancer cells in the large majority of PTC regardless of the presence or
absence of ret rearrangement (Table 10) (Paper VI).

No significant differences were found between cases of PTC with and without
rearrangement regarding the percentage of immunoreactive cells, the intensity of
staining and the staining score for uPAR (Table 10).

No differences between PTC with and without ret rearrangement were found in relation
to the other clinicopathological and immunohistochemical features studied (Tables 9 and
10) (Paper VI).
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Table 9 - Comparison of the two groups of PTC with and without ret rearrangement regarding

the clinicopathological data

Rearranged ret n=8 Non-rearranged ret p value*
n=25
Gender (M:F) 1.7 1:3.2 NS
Age (y) (Meanz SE) 28.1(x3.1) 44.7 (£ 2.9) p = 0.005
Size (em) Mean+SE) 3.3(£0.9) 3.3(x0.6) NS
Proliferative rate (%) Mean+SE) 1.0(£0.2) 16(£0.2) NS
(p=0.1
Histologic subtype
Predominantly papillary (n=22) 87 5% 60.0%
Follicular variant (n=11) 12.5% 40.0% NS
(p=0.15)
Multicentricity 75.0% 59.1% NS
Extrathyroidal growth 25.0% 24.0% NS
Vascular invasion 25.0% 24.0% NS
Lymphoeytic infiltration
Absent 28 6% 17.4%
Discrete 71.4% 56.5%
Moderate/abundant 0 26.1% NS
Lymph node involvement* 62.5% 36.0% NS
(p=0.19)

* Caleulated using ANOVA and Student’s t test

For details see Paper VI

Table 10 - Summary of the immunohistochemical scores in PTC with and without ret

rearrangement

Immunohistochemical score Rearranged ret Non-rearranged ret p value*
E-cadherin - membrane (SE) 6.0 (2.0) 8. (1.0} NS
E-cadherin - eytoplasm (SE) 2.1 (0.7 8.0 (1.1) 0.007
c-erb B2 (SE)} 10.3 (1.8) 6.7(0.8) NS
c-met/HGFR (SE) 8.81(2.6) 10.9(1.2) NS
bel-2 (SE) 3.6 (1.9) 6.2(1.1) NS
vimentin (SE) 7.3 (1.7) 6.6(1.1) NS
uPAR (SE) 8.4(1.2) 8.2(0.9) NS

* Calculated using ANOVA and Student’s t test

For details see Paper VI




DISCUSSION



FFor the sake of simplicity we have organized the Discussion around the issues raised in

the Aims Section puting a special emphasis on those we have some personal experience.

1. Is proliferation/genomic stability deregulated in PTC?

Our results fit with the low proliferative rate of differentiated thyroid carcinomas, as
it had been previously demonstrated using several methodologies (5, 103, 149, 153, 157,
176, 208, 227}, Moreover, we and others (149, 227), at variance with Shimizu et al.,
1993, were unable to find significant differences between the proliferative rate of benign
lesions and PTC. Our findings thus contrast with those on other tumour models in
which a clear cut difference is found whenever one compares benign lesions with their

malignant counterparts.

PCNA was the first immunohistochemical marker of proliferation that was found to be
operative in paraffin sections. Soon it became evident that it led to an overestimation of
the proliferative rate (132). Indeed, as an auxiliary protein of polymerase-8, PCNA is
implied not only in DNA replication but also in DNA repair (85, 132). Another major
drawback of PCNA rests in the long half life of the protein leading to its
immunohistochemical detection in cells who are already out of cycle (85, 132). The
finding of Ki-67, a protein expressed in a cell cycle dependent manner, abridge the
overestimation of PCNA, but its use has been for a while restricted to frozen sections.
The emergence of anti Ki-67 antibodies working in paraffin sections (MIB-1) allowed its
detection in sections obtained from paraffin blocks (85). Understandably, we employed
PCNA in our first assays and MI1B-1 subsequently. The results obtained using these two
methods in the evaluation of the proliferalive rate were compared in a small group of
lesions in which both antibodies were used (Table 2); this comparison yielded similar
results with the two antibodies though the proliferative rate evaluated by PCNA was,

as expected, usually higher than the proliferative rate evaluated by MIB-1.

We found a complete overlapping of the proliferative indexes of benign lesions (nodular
goitres and adenomas) and differentiated carcinomas (papillary and follicular

carcinomas). Within these groups, the highest score was found in a nodular goitre thus
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contributing to rule out the usefulness of the evaluation of the proliferative activity for
the distinction of benign and malignant thyroid lesions. These results were confirmed
by a parallel DNA flow eytometric study of frozen material (data not shown) and fit with

the reports of several groups on the same issue (5, 103, 149, 153, 176, 227).

Ligh proliferative index was correlated with age higher than 50y (227), and with high
mortality of the patients with PTC (5, 149). These results suggest that proliferative
index could help to recognize clinically aggressive PTC but this assumption remains
unproven due to the existence of many contradictory reports on record (for a through

review see 58, 59, 85, 149).

At variance with well differentiated carcinomas in general and PTC in particular, some
of the less differentiated tumours (poorly differentiated carcinomas) and almost every or
every undifferentiated carcinomas, which constitutes the end stage of thyroid cancer,
display very high proliferative rates (5, 149, 153). The results we oblained using PCNA
and MIB-1 antibody in the study of different thyroid lesions enlightens the clear cut
difference between these two groups of thyroid carcinomas and fits with their distinct

biological behaviour (27, 58, 59, 80, 121).

Papillary carcinomas as evaluated by PCNA and MIB-1 appear as (very) low
proliferative lesions. The low proliferative activity of PTC is more evident in the subset
of carcinomas presenting rearrangement of ret as evaluated by MIB-1 antibody than in
PTC without ret rearrangement. This {inding, together with thge low proliferative rate
and the high lymph node metastatic ability of most PTC, regardless the presence or
absence of ret rearrangement, turns the neoplastic progression of PTC a very

interesting biological model (see below).

The net growth of a tissue results from the balance between the growth rate and
apoptotic death rate. The bel-2 gene, first detected as a putative oncogene implicated in
human follicular lymphoma, was the first gene shown to be involved in the regulation of

apoptosis. Bel-2 is a negative regulator of cell death that does not appear to play a
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unique role in the regulation of apoptosis (72). Whether or not bel-2 is able to suppress
apoptosis following the appropriate stimuli may depend on which other members of bel-
= "mily related proteins (bax, bel-x, bak, mecl-1) are being expressed in the cell (for 2

review see Hale et al, 1996).

We detect 4 3n PTC a tendency to a low expression of bel-2 when coripared to the
wormal thyroid parenchyma. This lower expression of bel-2 in PTC than in the normal
thyroid was also tound by others (16, 128, 151, 153). Pilotti et al, 1994, and Pollina et al,
1996, found a much higher expression of bel-2 in PTC than in poorly differentiated/
undifferentiated carcinomas and advanced that bel-2 expression is related to the degree

of differentiation of thyroid carcinomas (151, 153).

Basolo et al 1997, found a very low apoptotic index (Al) in PTC which was inversely
correlated with bel-2 expression and positively correlated with p53 expression (5).
Similar data on bel-2 and p53 expression were reported by others (151, 153). The
putative apoptolic pathway of PTC was addressed in this work only through the
evaluation of bel-2 expression. We realize that the immunodetection of bel-2 s clearly
insufficient for the evaluation of the apoptotic rate. However if one takes together the
relatively high bel-2 expression in PTC (lower but much more similar to that of normal
thvroid than to the low or no expression at all in poorly differentiated/ undifferentiated
carveinomas) with the extremely rare milotie figures and apoptotic bodies in most Pre,
it seems logical to conclude that PTC probably represents a model of cancer in which
the cell balance stems from an equilibrium of reduced cell proliferation and reduced cell

death.

P53 can trigger cell-cycle growth arrest or the apoptotic pathway in response to DNA
damage (72, 120). Furthermore, p53 is a positive regulator of bax expression and a
negative regulator of bel-2 expression (72, 120). High levels of bel-2 protein favour cell
survival, whereas high levels of wild-type p53 lead to an increase in bax and a decrease

in bel-2, pushing towards apoptotic cell death, A positive correlation between apoptotic
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index and p53 expression was found in PTC (5), suggesting, that (overlexpression of

non-mutated p53 could be inducing cell death (see below).

An inverse correlation between bel-2 and p53 expression is ouserved in undifferentiated
carcinomas of the thyroid (151, 153). Although characterization of pb3 and bcl2
expression may be expected to give an indication of the ability for survival or death, it
should be noted that undifferentiated carcinomas of the thyroid frequently harbour p53
mutations (39, 91). In other words we should always take in consideration, when
evaluating p53 immunoreactivity, that the antibodies used in almost all series on
record cannot distinguish between high levels of wild-type p53 that may predispose
towards cell death and overexpression of mutant, stabilized, p53 protein that are

inactive or even oncogenic.

We did not observe any PTC with p53 overexpression. Taking together the results
reported in series on record, p53 immunoreactivity was found in around 12.4% of PTC
(68/550). Some authors did not find p53 immunoreactivity at all in PTC (130, 218).
Those who reported p53 expression in PTC (37, 68, 86, 143, 145, 151, 153, 163, 165,
170) described usually the immunoreactivity as focal or involving less than 10% of the

neoplastic cells (37, 86, 143, 145, 151, 153).

P53 mutations were found in 2.4% of the PTC studied in several series (6/250) (38, 50,
55, 91, 99, 143, 165, 179, 180, 229). The majority of the cases harbouring a pb3

mutation (five out six) were in the setting of radiation induced PTC (55, 143).

The figures for p53 immunoreactivity and p53 mutations in PTC, 12.4% and 2.4%
respectively, suggest that at least part of the immunoreactive cases are not associated
with irreversible gene alteration (and can be due to other causes). Jossart et al., 1996,
found intense immunoreactivity for p53 in two PTC cell lines harbouring p53 mutation
in contrast to the original tumours, and 34 primary PTC where no p53 mutations were
found; in these negative cases for p53 mutation no, or only few cells, showed p53
immunoreactivity. Similar results were reported by Dobashi et al., 1993, and 1994, who

did not find p53 mutations in well differentiated carcinomas showing low percentage of
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immunoreactive cells in contrast to poorly differentiated carcinomas and
undifferentiated carcinomas where extensive immunoreactivity and p53 mutations
were frequentely found. Supporting this view, Jossart et al., 1996, advanced that
widespread immunohistochemical detection of p53 in thyroid carcinoma is associated
with mutation. This observation may be related to the sensitivity of the detection
method — a representativity of at least 20% of the cells harbouring mutations being
needed to be detectable with the methods usually performed (SSCP and DGGE). Or, the
other way around, scattered immunoreactivity for p53 could be related to mechanisms,
other than mutation, causing the stabilization of the protein (9, 19, 222). As already
mentioned, increased expression of wild-type p53 seen as scattered immunoreactivity,
may represent the basis together with the expression of bel-2 family related genes, of
the apoptosis pathway in PTC (5, 153). Our data are in agreement with this since we
only found more than 25% of immunoreactive cells in undifferentiated carcinomas. A
new method, based on laser microdissection, can contribute to clarify this point by
allowing the analysis of p53 mutation at the level of a single immunopositive cell as

described for E-cadherin mutations in gastric cancer (7).

P53 mutations in cell lines originated from thyroid carcinomas (PTC, follicular
carcinomas and undifferentiated carcinomas) have been found by several groups (48,

51, 91, 99, 165, 218, 221) supporting the hypothesis of Wright et al., 1991 that p53

mutations may facilitate growth and immortalization in vitro.

P53 immunoreactivity was found in 61% of cases of the tall cell variant in contrast with
a control group of common PTC showing 11% of positive cases (163). In this series, p53
immunoreactivity was associated with an increased rate of local and distany,
recurrences (163). P53 immunoreactivity and/or p53 mutation was also associated with
local recurrence in the series of Nishida et al, 1996, and Fogelfeld et al., 1996.
Gerasimov et al,, 1995, found p53 positivity in PTC in patients older than 50y with
aneuploid tumours, two indicators of poor prognosis (68). Sapi et al., 1995, did not find
association between pb53 alteration (immunoreactivity or loss of heterozygosity) and

metastatic potential in contrast with follicular carcinomas where this association was
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.found. Pollina et al, 1996, failed to show any prognostic difference, which could be
related with p53 expression, within the same histotype. We have studied mainly
common (well differentiated) PTC, and therefore we can not rule out the possibility that
less differentiated (and more aggressive) PTC may display a higher prevalence of p53
expression/mutation. It is also possible that microwave pretreatment would unmask

some scattered p53 positive cells in our series of PTC as described by Holm et al., 1994,

Overexpression of mutant p53 in PTC cell lines has no effect on basal proliferation (8,
222). Wyllie et al. 1995, proposed that "this finding emphasizes that cancer cells can
acquire the genetic events needed for malignancy (i.e. invasion and metastasis) without
needing to loose either cell-cycle check-point control or p53 functions. Such cells exhibit
a rate of DNA damage sufficiently normal to not invoke the growth-inhibitory response

mediated by p53 (as a result of which there is no selective pressure for p53 mutation)".

Data on PTC and poorly differentiated/ undifferentiated carcinomas indicate that p53
alterations may contribute to the progression of PTC. It seems that this transition
oceurs, in PTC, in a dramatic way in contrast to a stepwise process in other tumour
models (204). In fact, Matias-Guiu et al, 1994, did not find p53 expression in PTC co-
existing with undifferentiated carcinomas. Ito et al., 1993, in three cases of PTC co-
existing with undifferentiated carcinoma, found p53 mutation only in the
undifferentiated counterparts; one PTC displayed already LOH for p53, as in the
undifferentiated carcinoma, adding molecular evidence to the transition of PTC to
undifferentiated carcinoma through the p53 mutation. Curiously, the frequency of p53
mutations in undifferentiated carcinomas reported in the different series lies between
30-83% (39, 50, 91). Even considering the different sensitivities of the different
methodologies it is tempting to advance that at least in a minority of cases alterations
in genes other than p53 can lead to a similar end stage of thyroid tumour development.
Cyclin kinase inhibitors, as p16 and WAF1/p21, which were found alterated in thyroid
cell lines and/or primary tumours (98, 196) appear to be good candidates. However, p53

has been until now the only gene undoubtly and consistently involved in the
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progression of PTC, namely in the cases of PTC coexisting with undifferentiated

carcinoma (see also point 4).

Genetic instability evaluated as microsatellite instability (MID) seems to be a
restricted phenomenon in thyroid lesions. We have found instability in some benign
and malignant lesions, without any particular concentration in the papillary subtype;
only a minority of cases correspond, however, to the "true" mutator phenotype (meaning
by this “classification” cases with a high number of involved microsatellite loci). In the
only PTC that fitted with this phenotype, as well as in all the cases showing MI, no
alterations of the mismatch repair gene hMSH2 were identified. The possibility of
involvement of other mismatch repair genes can not be abviously ruled out but does not
seem likely since thyroid carcinomas do not form part of the spectrum of HNPCC (see
below). The cases presenting MI at a single locus may reflect the influence of other
phenomena, namely polymerase saturation (due to a constant stimulus for
proliferation) and/or a higher oxidative stress. This latter hypothesis makes sense in
thyroid due to the existence of a physiologic oxidative system resulting from TPO
activity but, as previously referred, TPO seems to be down-regulated at the
transeriptional level in PTC. It will be interesting to evaluate the proliferation rate and
the expression of TPO in thyroid lesions presenting MI. It is also crucial to look for the
integrity of repair genes other than hMSH2 in thyroid lesions exhibiting a mutator

phenotype.

The putative existence of a mutator phenotype in thyroid lesions, particularly in
PTC,might be considered taking in consideration the similarity of the clinicopathologic
characteristics identified in tumours of the HNPCC spectrum (where a mutator
mechanism of carcinogenesis does usually occur) and those of PTC. In fact, MI was
found in colorectal tumours which are frequently diploid, display rare genetic
alterations and carry good prognosis (150, 173), fealures shared by PTC. Sporadic
gastric tumours showing MI share also some of these features (173). The lack of any
known involvement of thyroid tumours in patients with HNPCC, the few cases of our

study showing MT at multiple loci and the absence of alterations in the hMSH2 repair
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gene, suggest that this mechanism is not very operative in thyroid lesions being, most
likely, a minor event in thyroid carcinogenesis. Since we detected MI both in benign
and malignant lesions we have advanced the hypothesis that, when present, MI is

likely to oceur as an early step of thyroid tumourigenesis.

The existence of two distinct pathways leading to cancer — “suppressor” and “mutator” —
is now becoming increasingly accepted. This is due to the emergence of clear differences
in the spectra of cancer genes alterated in the two groups of tumours. Generally,
aneuploid cancers follow the suppressor pathway and carry a diverse spectrum of
mutations in turour-suppressor genes such as p53 and APC, Tumours of the mutator
phenotype, on the other hand, are usualy diploid and exhibit mutations in mismatch
repair genes leading to frameshifts in hot spots for slippage induced mutations in

“target genes”, such as IGFIL-R or TGFRR (150).

If one goes back to the question raised in the Aims: “Is any of the two mechanisms of
carcinogenesis, suppressor or mutator, operating in thyroid tumours, as proposed for
other organs?” it seems logical to conclude that none of these two main mechanisms can

be, as seen from the data on record and our own, directly ascribed to PTC.

In fact, mutations of p53 tumour suppressor gene are extremely rare in PTC (see
above). APC mutations were also not found in sporadic PTC (26, 28, 232) although an
association between familial adenomatous polyposis (FAP) and (papillary) thyroid
carcinoma is well documented (74, 83). Some authors ¢laim that FAP associated-thyroid
tumours can be considered as a separate entity of follicular cell neoplasm (74, 83),
though recently ret rearrangement was found in two out of three FAP associated
carcinomas from an extended kindred (23). As stated before MI occurs rarely in PTC
and alterations in repetitive sequences in “target genes” have not been reported in PTC

to the best of our knowledge.

In contrast, undifferentiated carcinomas of the thyroid frequently display mutations of
pH3 tumour suppressor gene and Zeki et al., 1994, found an APC mutation in an
undifferentiated cell line and an undifferentiated thyroid carcinoma (232).
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Taking in consideration the data on the progression of PTC to less differentiated and
undifferentiated forms of thyroid cancer with the high frequency of p53 inactivation,
gross genelic alterations and aneuploidy, it is likely that in the more advanced steps of
progression inactivation of p53 and/or APC (“suppressor pathway”) represents the maost

frequent mechanism.

Progression in PTC seems to follow a very particular pattern. It is possible that
progression in vive results from, as proposed by Wynford-Thomas, 1997, a two-step
mechanism: epithelial-mesenchymal differentiation switch and occurrence of p53
mutations. "The rarity with which the transition to undifferentiated cancer is seen
clinically in the thyroid can be explained by the need for the differentiation switch and
the p53 mutation to arise independently in the same cell before any selective advantage
is obtained” (225). The aforementioned rarity of progression from PTC to
undifferentiated carcinoma, which is shared by FTC, reflects also the very low
proliferation rate of almost all differentiated thyroid carcinomas, turning unlikely the
chance of acquiring additional mutations and therefore the chance of progression to

undifferentiated carcinomas.

2. Are growth factor receptors specifically deregulated in PTC (or in a subset
of PTC) at gene/expression level?

The well known importance of growlh factors/ growth factor receptors signalling in
thyroid and the reports on the putative involvement of c-erb B2 in the pathogenesis of

PTC led us to study the expression of c-erb B2 in thyroid lesions.

The expression of c-erb B2 in thyroid in general, and in PTC in particular, remains a
controversial issue. Lemoine et al., 1990, did not find c-erb B2 expression at all in PTC,
whereas specific overexpression of c-erb B2 in PTC was reported by some authors both

at the protein and at the mRNA level (2, 77, 79).

Taking the above mentioned reports as the two ends of the spectrum we may conclude

that our findings lay somewhere in between. In fact, we did find c-erb B2 expression in
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PTC, without observing, however, any particular pattern that could be specifically
ascribed to PTC. We observed c-erb B2 cytoplasmic immunoreactivity in every type of
(follicular cell) thyroid lesion as well as in normal thyroid. Similar findings were

reported by Cameselle-Teijeiro et al., 1997.

Previous reports using frozen sections claim that c-erb B2 immunostaining in PTC is
predominantly localized in the membrane (77). Cytoplasmic staining was afterwards
reported by Akslen et al., 1995, in 88% of PTC using paraffin embedded sections,
whereas membrane staining was found in 52% of the PTC. In our hands, like in those of
Cameselle-Teijeiro et al, 1997, and using only paraffin embedded material, the
expression of c-erb B2 was always cytoplasmic both in normal thyroid and in the
different types of (follicular cell) thyroid lesions. No technical artifact seems to be
responsible for this pattern of expression for two reasons: first, we obtained almost
identical results with two different antibodies for c-erb B2; secondly, in the other models
used as positive controls (carcinomas of the stomach and breast) the utilization of the

gsame monoclonal antibodies disclosed a clear membranous pattern.

Immunohistochemical membranous staining for c-erb B2 has been associated with gene
amplification which represents the main type of activation of ¢c-erb B2 proto-oncogene in
human tumours. Some authors reported, however, c-erb B2 membranous overexpression
without detectable gene amplification (87). By Southern blot we did not find any gross
gene alterations (rearrangements or amplification). Similar results were reported by
other authors (2, 118). Lemoine et al., 1990, did not also find activating mutations of the

transmembrane-encoding region of c-erb B2.

The protein detected in our study (130-140 Kda) differs from the standard molecular
weight attributed to c-erb B2 (185 Kda). De Potter et al., 1989, also detected a c-erb B2
protein with a low molecular weight in normal tissues of various organs and in breast
lesions; the staining in De Potter et al., 1989, series is, like in ours, clearly cytoplasmic.

A similar phenomenon—cytoplasmic expression and a lower than normal molecular
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weight of the protein—was reported later on with regard to the tandem EGFR and PTC
(140). It was advanced that this finding could be due to an increased turnover and
degradation of the receptor with subsequent accummulation of a degradation product in
the cytoplasm (140). It was suggested, moreover, that this increased turnover might be

attributed to a TGFo/EGFR autocrine loop in PTC (140).

Strong cytoplasmic expression of EGFR was associated with extra-thyroidal tumour
invasion and found by multivariate analysis to be the strongest independent predictor of
recurrent disease in the series of Akslen et al., 1995, The existence of an TGFo/EGFR
autocrine loop in neoplastic and non-neoplastic lesions of the thyroid was proposed by
Aasland et al., 1990 (1) and Lemoine et al., 1991.(118). Haugen et al. in 1993 claimed
that the autoerine loop was particular to PTC since they found higher levels of TGFu
and EGFR mRNA in these tumours (78). In contrast to this, Westermark et al., 1996,
found similar levels of EGFR mRNA in normal and neoplastic tissues collected from the
same thyroid glands. We attempted to evaluate the EGFR expression in thyroid lesions
by immunohistochemistry. Immunoreactivity was detected in normal thyroid and in
thyroid lesions but the poor quality of the immunohistochemical staining, namely
regarding the intense background, did not enable us to quantify accurately this

receptor’s expression (data not shown).

Neuregulins appeared at first to be c-erb B2 ligands but discordant results were
obtained in some cell lines, suggesting the existence of a receptor/co-factor necessary for
activation of ¢c-erb B2. Tt was demonstrated that EGFR couples several agonists (TGFa,
EGF and amphiregulin) to other members of the type I family of tyrosine kinase
receptors (c-erb B2, c-erb B3 and c-erb B4) (156). This transmodulation of c-erb B2 by
the EGFR is biologically relevant since it alters c-erb B2 phosphorylation and
stimulates kinase activity (70). The most likely mechanism is that EGF/TGF
stimulates the production of c-erb B2/EGFR heterodimers in which cross-
phosphorylation occurs (for a thorough revision see Hynes et al., 1994). It remains to be

seen if a “cross-talk” between these receptors exisls in normal thyroid tissue and/or in
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thyroid tumoﬁrs; such "cross-talk" could explain the frequent expression of type [ family
of tyrosine kinase receptors in several thyroid lesions. This holds particularly true for
PTC in which coexisting overexpression of EGFR, c-erb B2, c-erb B3 and c-erb B4 has

been demonstrated (79).

Table 11 - Comparison of data on EGFR and C-erb B2 expression at the protein and mRNA
level in different series of normal thyroid (NT) and papillary thyroid carcinoma (PTC).

EGFR NT EGFR PTC cerbB2  NT c-erb B2 PTC
Author immuno _ mRNA immuno mRNA immuno mRNA | immuno mRNA
Asland, 1988 4\4 5\Gt* 5\5 8A\gT*
Asland, 1990 10\10 16\ 16+
Lemoine, 1990 0\7 0\24
Song,1991 0N? 18\20
Lemoine, 1991 0\60 24\25
Haugen,1992 0\5 5\5 127017 17\17+*
Haugen,1996 54/56 49/56
Akslen, 1995 few cells 1200125 110\125
Soares, 1994 24\25 9\ 10
Westermarl, 1996 | 4\4 5\5 TATT* aNg
Cameselle-T,1997 T\7 5\5

+ - High levels compared to non-neoplastic tissue  * - Including lymph node metastases

The reports on the expression of EGI'R and c-erb B2 at the mRNA level in the different
series, show constant results concerning detection of the mRNA of these receptors in
normal thyroid as well as in thyroid lesions (Table 11). At variance with this relative
homogeneity of data, the immunohistochemical detection of both proteins led to more
controversial results concerning both the pattern of immunoreactivity (membranous or
cytoplasmic) and tl)e type of lesions expressing these receptors. Technical and
methodological reasons cain partly explain these discrepancies (different antibodies
and/or the use of frozen/paraffin embedded material) from series to series. The
comparison of the mRNA aﬁd protein expression in each series and the systematic
absence of structural genetic alterations-suggest that EGFR and c-erb B2 can be (and

probably are), regulated at the post-translational leve! in thyroid lesions.

Our finding of a 130-140 Kda c-erb B2 protein remains a puzzling issue. We may be
identifying a precursor molecule of the c-erb B2 gene product rather than its usual, final
form. Relating the molecular weight of the detected band (130-140 kDa) with the

molecular weight (about 137 kDa) of the apoprotein of the c-erb B2 glycoprotein, it is
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tempting to suggest that one may be dealing with an unglycosylated form of the c-erb B2
protein. It is, however, hardly conceivable that only a precursor form can be identified in
such a wide range of lesions and even in normal parenchyma. As proposed by Ness et
al., 1996, with regard to EGFR, cytoplasmic c-erb B2 staining may also reflect a rapid
turnover of the c-erb B2 receptor in the thyroid following activation under pa-rtial

control by EGFATGFa\EGFR, thus leading to its internalization and degradation.

The expression of c-erb B2 and the distinet molecular weight of its product we found in
normal thyroid and in several pathological conditions of the thyroid remains difficult to
understand in terms of the dogma on the pathogenetic meaning of c-erb B2 in PTC
advanced by Haugen and collaborators (2, 77). According to these authors, and in
conflict with our results, PTC show increased expression (at protein and mRNA level) of
c-erb B2 suggesting a significant biological mechanism of this receptor system in PTC

(77).

In conclusion, Akslen et al., 1995, reported an association between c-erb B2 cytoplasmic
expression and the occurrence of PTC in younger patients with a good prognosis; for
these authors c-erb B2 immunoexpression may be used as a marker of malignant
transformation and low grade histologic aggressiveness rather than of poor prognosis
(3). We did not disclose any association of c-erb B2 expression in PTC and the age of
patients or other clinicopathological features. Our finding of an ubiquitous and similar
expression of c-erb B2 in benign and malignant lesions as well as in normal thyroid, and
the absence of any demonstrable gene alterations in our cases of PTC, suggest that c-erb
B2 protein may be involved in "normal" functions of thyroid growth and differentiation

rather than in neoplastic transformation.

The tyrosine kinase receptor c-met/HGFR, which is the receptor for the Hepatocyte
Growth Factor (HGF) is involved in human neoplasms by rearrangement, amplification

and/or overexpression (195). HGF has been identified as a scatter factor stimulating
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dissociation, mobility and proliferation in epithelial cells (190). The HGF was found to
be in vitro a potent mitogenic factor for normal and oncogene transformed human
thyroid cells (45). Dremier et al., 1994, showed that HGF stimulates the proliferation
and mobility of dog thyrocytes and represses the expression of differentiation markers

(41).

In normal thyroid it was demonstrated the presence of transcription of c-met/HGFR
mRNA, but not the immunohistochemical expression of c-met/HGFR protein; unstable
protein or inefficient translation were presented as possible explanations for these

findings (154).

In our hands, c-met/HGFR was found overexpressed in the majority of PTC; no gross
alterations of the gene were found by Southern blot. The putative prognostic
implications of the expression of c-met/HGFR are not yet clarified. Di Renzo et al., 1992,
found a relationship between over-expression of c-met/HGFR and guarded prognosis,
whereas Gangemi et al.,1997, reported the low/absent expression of c-met/HGFR as the
single factor most strongly related to the risk of developing hematogeneous metastases
in PTC. Absence or reduced expression of c-met/HGFR in poorly differentiated and

undifferentiated thyroid carcinomas has been reported (159).

In our series no significant relationship was found between c-met/HGFR overexpression
and mitotic index and other clinicopathologic features (age, tumour size, vascular
invasion, lymph node involvement), thus not throwing any light on the putative
prognostic meaning of c-met/HGFR (over) expression in PTC. Similar results were

reported by Rucco et al., 1996.

Overexpression of c-met/HGFR was detected in human follicular cells after introduction
of mutant ret or ras genes (93); it was thus concluded that c-met/HGFR overexpression
was induced by activation of the signalling pathway of those oncogenes. Since activated

oncogene expression in thyroid cells can result in c-met/HGFR overexpression (93), it is
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possible that in PTC c-met/HGFR overexpression merely reflects the presence of the
activation of one oncogene (ret or another gene). Zanetti et al.,, 1997, reported c-
met/HGFR expression in cell cultures from normal thyroid, remaining unclarified if
culture conditions have any effect in c-met/HGFR expression. The expression and
activity of HGF need also to be evaluated in thyroid tumours in order to see if the

system HGF/c-met/HGFR plays any role in the initiation or progression of PTC.

In adult tissues, intermediate filament proteins are expressed in a cell-type-specific
manner (195). The coexpression of cytokeratins and vimentin is restricted to early
development, wound healing and certain types of neoplasm. PTC is one of those types of
neoplasm (226). In our series vimentin expression was found in 81% of the PTC and
nearly absent in adjacent “normal” thyroid. A close relationship was found between the
levels of expression of vimentin and those of c-met/HGFR . The weak point of our results
on this issue is that we have analysed mainly PTC, so it is hard to be sure whether the
aforementioned relationship is a distinctive feature of PTC or also occurs in other
thyroid tumours; however c-met/HGFR is rarely expressed in follicular carcinomas
(159). Our results are clearly different from those of Viale et al. 1989, who found
expression of vimentin in normal thyroid (201). Again, antibody specificity and

methodological differences may be in the basis of this discrepancy.

A particular pattern of cytokeratin expression is also associated with PTC, which shows
a shift from low to high molecular weight cytokeratin expression (56, 57). Cells that
coexpress cytokeratins and vimentin are thought to originate from epithelial cells that
dedifferentiate and synthesize vimentin, or from epithelial cells that have differentiated
from a primordial mesenchymal cell type. In melanoma and breast cancer, strong
evidence favouring a link between keratins (cytokeratin 8 and 18) and vimentin
coexpression, changes in integrins and increased invasive ability was found (82).
Tsarfaty et al., 1994, showed that the inappropriate expression of c-met/HGFR in
mesenchymal cells can lead to the expression of mesenchymal and epithelial markers in

cell lines. Tt is difficult to disclose if c-met/HGFR expression is the cause or a
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consequence of some of the special phenotypic features of PTC. Despite this limitation,
PTC seems to be a good model to study the putative relationship between
overexpression of c-met/HGFR proto-oncogene, aberrant expression of intermediate

filaments and invasive/metastatic potential.

The importance of the growth factor/growth factor receptor model in PTC has been
recently reinforced by the findings of the group of Williams (188) on the major role
played by IGF-VIGF-IR in a subset of PTC displaying a marked lymphoplasmocytic
infiltrate. These authors found that the tumorous lymphocytes infiltrating this subset of
PTC produce large amounts of IGF-I1 and that the neoplastic cells of these cases
overexpress receptors for IGF-1. It looks like as if these carcinomas depend upon the
presence of lymphocytes to survive and grow. This hypothesis provides also a reasonable
explanation for the ability of these PTC to metastasize to regional lymph nodes despite
their slow growth potential. The classic concept of Iymph node metastization is
challenged by this approach to the problem of highly-metastatic-indolent-growing PTC.
The neoplastic cells would not invade lymphatics and grow in the lymph nodes because
they are intrinsically more aggressive than the neoplastic cells that rest within the
primary tumour; they would do it because they find in the lymphatic channels and in
the lymph nodes the appropriate growth factors. This fascinating possibility provides a
sound explanation for one of the most intriguing problems of thyroid oncology: lymph
node metastization does not worsen the prognosis of patients with PTC (58). If a similar
relationship is operative in other types of PTC remains to be elucidated. The study of
IGF-I/IGF-IR in lymph node metastases of several types of PTC may contribute to
clarify this point.

3. Is the particular metastatic pattern of PTC related to alterations in
the epithelial-adhesion molecule E-cadherin?

E-cadherin cell adhesion molecule is a crucial component of the cell-cell adhesion
system in thyroid (14, 15). A tumour/invasion suppressor role has been attributed to this

molecule in experimental models (203). Loss of E-cadherin expression has been
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associated with invasiveness and aggressiveness in some tumour models (82). Several
types of Ii-cadherin gene alterations (missense, frameshift and nonsense mutations,
deletions and exon skipping) have been reported in some types of stomach (diffuse or

isolated cell carcinoma), breast (lobular carcinoma) and gynaecological cancers (97).

PTC show n reduced and heterogeneous immunchistochemical expression of E-cadherin.
The study of mRNA expression performed by Brabant et al, 1993, demonstrated also
gome heterogeneity which roughly correlates with the variable and frequentely down-
regulated immunochistochemical expression of E-cadherin. Association between E-
cadherin low expression and lymph node involvement was not found in our series; a
similar "negative" finding has been reported later on by other authors (171, 205). These
results contradict those of Brabant et al, 1993, who found low or undetectable E-
cadherin immunoreactivity in relapsing tumours or with metastatic spreading.
Scheumman et al., 1995 found a correlation between distant metastases and low E-
cadherin expression; no correlation was found by these authors between E-cadherin
expression and with lymphatic spread (171, 205). Primary tumours and the
corresponding lymph node metastases do not significantly differ regarding the
expression of E-cadherin. Taking all these findings together we think there is evidence
to conclude that the ability for the colonization of lymph nodes by PTC cells is not
directly correlated with down-regulation of E-cadherin (Unfortunately we still ignore

most of the mechanisms involved in the nodal metastization of PTC).

Despite the absence of correlation between decreased expression of E-cadherin and
lymph node metastases it has been shown that lack of E-cadherin is an adverse
prognostic factor in differentiated thyroid carcinoma (205) and correlates with the
presence of distante metastases (171). These findings suggest that the lack of E-
cadherin in thyroid carcinomas, like in other tumour models, provides the neoplastic
cells with relative advantages regarding the ability for local invasiveness and/or

distante metastization (178).
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At the gene level, only a case of a diffuse sclerosing variant of PTC showed alteration of
the E-cadherin gene, a missense mutation. A series of cases of the diffuse sclerosing
variant of PTC and of the so-called “mucoepidermoid variant” of PTC carcinomas is now
being studied regarding the E-cadherin gene; these cases frequently present phenotypic
characteristics compatible with abrogation of the cell adhesion system. Such abrogation
may be responsible for the tendency of these variants of PTC to grow diffusely and to
give rise to nodal and distant metastases. At some extent, similar features are also
attributed to other tumours (e.g. lobular carcinoma of the breast) showing high
frequency of E-cadherin inactivation. Qur preliminary results point to the possibility
that mutations in the E-cadherin gene are a more frequent event in the aforementioned
types of PTC which appear to be particularly prone to diffuse growth and invasiveness

than in common PTC (unpublished observations).

Our results show that alterations of the E-cadherin gene are infrequent in common
PTC, thus supporting the assumption that the reduced and heterogeneous expression of
E-cadherin in these carcinomas reflects transcriptional or post-transecriptional
modulation rather than structural abnormalities. Tt is tempting to suggest, furthermore,
that such modulation may depend upon alterations in the expression of growth
factors/growth factor receptors. Recently obtained evidence supports this assumption.
HGF has been demonstrated to phosphorylate B-catenin leading to the disruption of E-
cadherin complex and relocalization of the proteins in the cell (178, 190). In thyroid it
was demonstrated, that the down-regulation of E-cadherin results from modulation by
growth factors (e.g. EGF) as already suggested in other tumour systems (14, 97, 177).
TSH stimulates E-cadherin mRNA expression and this fact can have important pratical
implications in the TSH-suppressive treatement (14). It is also important to evaluate
the "status” of the other components of the E-cadherin cell surface complex in PTC and
other thyroid lesions. In the only report on record Zanetti et al., 1997 found normal or

even increased expression of fi- and o-catenin in PTC (230).
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Other types of molecules involved in cell adhesion have also been studied in PTC. This
is the case of CD44, a polymorphic family of integral membrane glycoproteins associated
with cell matrix adhesion (hyaluronan, heparan sulphate, fibronectin and others matrix
constituents), lymphocyte activation and neoplasia. Low expression of CD44 was found
in normal thyroid (54). Strong expression of CD44 was found in 97% of the PTC (54).
The isoform CD44v6, associated with metastasis in other tumours, was found in PTC
(46). Figge et al., 1994, suggested that deregulated CD44v6 could contribute to the
ability of PTC cells to metastasize to regional lymph nodes but later on the same group
reported the expression of CD44v6 in adenomas and goitres (47). It was also refered
that PTC exhibit specific patterns of aberrant alternative CD44 splicing distinguishing
them from histologically normal thyroid tissue (46,47). There is not enough evidence —
and we have no personal experience on this issue - to evaluate the putative meaning of

aberrant CD44 splicing in the peculiar clinicopathologic features of PTC.

Integrins are another group of molecules actively involved in cell matrix interactions
(113). In the mature follicular epithelium of the thyroid the adhesion-mediating
complexes to laminin-1, 2 and type IV collagen are a3p1, avfl and ovB3 (113, 172). Loss
of a3B1 and “de novo” expression of 6B4 were found in carcinomas with clinical and/or
histological aggressiveness (172). Like with CD44 — and we do not also have any
experience in the study of integrins — there is not enough data to link integrin

alterations to PTC characteristics.

The concept of neoplastic cells as a sort of little bags of proteolytic enzymes able to
destroy the extracellular matrix proteins as a way of facilitating tumour cells invasion
is no longer tenable. It is now widely accepted that in most neoplastic models stromal
cells are the great producers of proteolytic enzymes. A good example is Matrix
Metalloproteinase-I (MMP-1) gene whose expression was found in the fibrous capsule of
PTC and not in the cancer cells (101). In most cancer models the carcinomatous cells
appear often to serve as modulators of such proteolytic activity either by the production

of enzyme inhibitors or by the regulation of the expression of enzyme receptors. This
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holds true regarding the PTC whose cells have been shown to express al anti-trypsin

(152).

The modulation of the proteolytic/antiproteolytic system in PTC depends also upon the
expression of uPAR by the neoplastic cells (34). In the preliminary study we have done
on this issue we found a significant relationship between high uPAR expression and
vascular invasiveness of PTC. No association was found with the other clinicopathologic
features but for a tendency to more intense uPAR staining in tumours greater than 3
cm. Further studies and larger series are needed to clarify the putative association of
uPAR and vascular spread in PTC. Increased uPA expression was found in cells treated
with antibody against E-cadherin (178); and distribution of uPA from the perinuclear
region to the cell surface appears to be modulated partly by E-cadherin (62, 97). We did
not evaluate uPA expression, but no correlation was found with regard to E-cadherin
and uPAR expression in our series. Given the lower expression of E-cadherin in PTC
and the association we found with venous invasion and uPAR, it remains to be seen if

uPA-uPAR system is involved in the invasiveness of PTC.

4- What does ret activation mean from a clinical and pathobiological
stand point?

Ret fulfills the criteria as a growth factor receptor in nervous system; however in PTC
ret is only expressed whenever it is present in its rearranged oncogenic form. Ret gene
rearrangements have been found in about 24% of the clinical evident PTC from our
series. An attempt was made to characterise these carcinomas. No morphologic features
allowed the distinction of ret rearranged PTC from PTC without ret rearrangement,
despite a tendency, for an association between ret rearrangement and frank papillary
architecture, and the same holds true regarding the majority of the biologic markers we
have studied. The only significant epidemiological difference between the two groups of
PTC concerned the lower age of the patients harbouring tumours with ret
rearrangement. This finding further supports, in our opinion, the association of ret

rearrangement and early onset of PTC. This association may indicate a short-cut (single
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or few hits) in ret-induced papillary carcinogenesis. This assumption is in part
substantiated by experiences in transgenic mice with targeted expression of ret/PTC1
oncogene which developed thyroid carcinomas with considerable similarities to human

PTC (96).

Bongarzone et al, 1996 found that the frequency of ret and trk activation is significantly
higher in the group of patients aged 4-30 years. Jhiang et al.,, 1992, in their limited
series, found also a significant lower age of the patients presenting PTC with ret
rearrangement. The same trend is further supported by the concurrent increase in the
incidence of PTC in children after the Chernobyl disaster (141, 142) and by the high

frequency of ret activation in these cases (about 60%) (105).

It is difficult to ascertain if age “per se” is a key factor in the development of these
tumours. Some authors found that when gender is taken into account no significant
differences were found in the prevalence of ret rearrangement in PTC of children and
adults (214, 215). Based upon their findings of a relationship between gender and ret
rearrangements Williams GH et al., 1996, suggested that ret gene could interact with

hormonally dependent mechanisms.

The finding of Viglietto et al., 1995, and Santore et al., 1996, of a much higher frequency
of ret rearrangement in papillary microcarcinomas than in clinically evident PTC has
been advanced as an extra argument favouring the association between ret
rearrangement and initiation and early onset of PTC. This reasoning is based upon the
assumption that microcarcinomas represent recently developed PTC. We do not
question the existence of an association between ret rearrangement and initiation of
PTC but we disagree with the concept that papillary microcarcinomas should
necessarily represent recently developed neoplasms. As a matter of fact we think that
most microcarcinomas are probably as "old" as common PTC. In fact if one compares the
extremely high prevalence of papillary microcarcinomas at autopsy and in normal

appearing surgical specimens removed together with benign thyroid lesions, with the
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low incidence of clinically evident PTC, one has te conclude that most of these

carcinomas, once originated in the thyroid gland, probably remain as small lesions (182,

216).

Sobrinho-Simdes et al., 1979, as well as Komorowski and Hanson, 1988, showed that
older patients have a higher prevalence of latent papillary microcarcinomas whereas the
age-specific prevalence curves described by Sampson et al., 1969, in Hiroshima and
Nagasaki showed a peak about 35-45 years. The linear pattern of age specific prevalence
observed in some series of autopsy cases is suggestive, following the model of Knudson
et al.,, 1973, that only the first "hit" of carcinogenesis has occurred in latent papillary
microcarcinomas; this finding suggests, furthermore, according to the so-called two step
theory of cancer development, that these carcinomas, once originated, might have a
deficient growth promotion (182) due to either the lack of (circulating and/or locally
produced) growth promoting factors or the irresponsiveness of neoplastic cells to the
usual growth stimuli. The same explanation holds (basically) true if one follows the data
on occult microcarcinomas of the series of Harach and Fransilla, 1987. These authors
found that the prevalence of such microcarcinomas did not increases much in adult life
and was similar in men and women; these observations fit with the possibility of
papillary microcarcinomas progressing only very rarely to clinically evident PTC and
support the assumption that sex hormones or sex related growth factors may be the

promoting factors involved in such progression

The trend to a lower proliferative rate in ret rearranged PTC detected in the present
study fits also with the findings of Viglietto et al., 1995, and Santoro et al.,1996, on the
association between papillary microcarcinomas and ret rearrangement, as well as with
the findings of Bond et al., 1994, of a poorer growth potential in vitro of thyrocytes
transformed with amphotropic vectors carrying activated ret when compared for
example with ras activated cells. Our series is however too small to study the putative
relationship between the size of the tumours and the presence of ret rearrangement; it

is particularly inadequate to address the issue of papillary miérocarcinomas‘ which
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oceur mostly as incidental finding in thyroidectomy specimens for benign conditions or
at autopsy, since our series is composed of clinically evident PTC. For their extremely
small size and frequent detection either in histological slides after paraffin embedding
of benign lesions or at the autopsy, any epidemiological study on papillary
microcarcinomas should rely, as Viglietto et al.,1995, did in their series, on the
immunochistochemical detection of ret activation rather than on a Southern blot
approach. Unfortunately reliable anti-ret antibodies working in paraffin sections were

not commercially available and this approach was not possible.

It is not easy to reconciliate some of our findings with the aforementioned association
between papillary microcarcinomas and ret rearrangement. For instance, cases showing
retl rearrangement occurred in younger patients and displayed a suggestively lower
proliferative rate than common PTC; despite this, their size was similar to those of PTC
without rearrangement. It is obviously impossible to go in depth in the discussion of this
apparent contradiction because it is not known the time mediating between the genesis
of the tumours and the clinical manifestation of the disease. It would be possible, for
example that PTC with ret rearrangement in our series may represent a subset of “old”
PTC; this assumption would be in accordance with an early age of onset and their very
low proliferative rate. Or, alternatively, PTC may present distinct levels of apoptosis
which would be smaller in tumours with ret-rearrangement than in PTC without
rearrangement. We did not evaluate the apoptotic rate and we have not therefore any
definitive conclusion on this issue despite the similar level of expression of bel-2 in PTC

with and without rearrangement.

Other possibility is the existence of age specific factors which might be particularly
important in PTC with and/or without ret-rearrangement. One of such a factors could be
the IGF- I. We have already discussed the importance of locally produced IGF-I in the
promotion of a subset of PTC displaying abundant lymphoplasmocytic infiltrate. We
have also previously addressed the so-called IGF-1 autocrine circuit induced by TSH. It

is also known that growth hormone increase IGF-I local levels in target organs (17). We
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will concentrate now on the possibility that circulating levels of IGF-I may play a

pathogenic role in ret rearranged PTC.

There is a long-life fluctuation of total IGF-I levels which peaks in the adolescence (12-
16y) and is more pronounced in females than in males (111). Free IGF-I peaks in the
early infancy and the ratio free/total IGF-I is maintained at a higher level in
prepubertal children (76). It was demonstrated that the ret/PTC2 truncated protein
binds specifically to the enigma transducer protein of the Insulin receptor pathway and
that this binding is necessary for the mitogenic activity of ret/PTCZ2 (44, 220). If one
admits IGF-I may as well activate enigma protein it is possible to assume that
circulating IGF-I can be important for PTC growth in the presence of at least the
ret/PTC2 rearrangement. This hypothesis fits with the gender (M:F=1:7) and age (28.1 y

versus 44.7y) of clinically evident ret rearranged PTC (Table 9).

It remains to be found whether the apparent greater clinical aggressiveness of the so-
called post-Chernobyl PTC (141, 142) may reflect the influence of other types of ret
rearrangement (63, 105, 213), or the co-existence in this setting of other (age related)
factors putatively involved in cancer development. Ras, p53 and Gso mutations seems to

be uncommon in the PTC occurring in this setting (143, 207) as in PTC in general,

If one adheres to the concept that most papillary microcarcinomas are not recently
developed PTC, the high prevalence of ret rearrangement in these carcinomas as
reported by Viglietto et al., 1995, and Santoro et al., 1996, becomes very interesting
because it supports the hypothesis advanced by Viglietto et al,, 1995, that tumours
harbouring a ret/PTC activation could proceed less frequentely towards fully developed
PTC than papillary tumours lacking ret rearrangement. This hypothesis fits also with
the findings of Bond et al., 1994, of a poorer growth potential in vitre of thyrocytes
transformed with activated ret when compared with thyrocytes transformed with

activated ras (11).
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Other types of evidence reinforce the assumption that most ret rearranged PTC do not
tend to progress towards more advanced steps of neoplastic development. Several
groups did not find ret rearrangements in less differentiated thyroid tumours (167)
despite the frequent occurrence of foci of PTC in poorly differentiated and
undifferentiated carcinomas (90, 130). This suggests that tumours harbouring ret
rearrangements do not usually evolve to undifferentiated phenotypes (167, 169) or if

they do, they loose the rearrangement throughout the process.

In the ret-rearranged PTC we observed lower cytoplasmatic staining for E-cadherin
than in the PTC without ret rearrangement. Cytoplasmatic expression of E-cadherin
has been associated with diverse forms of impairment of E-cadherin cell adhesion
complex (B-catenin inactivation, mutations, abnormal phosphorylation) (97, 178). Serini
et al., 1996, found in thyroid carcinomas, in contrast to normal thyroid and adenomas, a
pericellular distribution of E-cadherin; this distribution was associated with decreased
tyrosine phosphorylation and loss of detergent inselubility (172). Serini et al., 1996,
suggest that tyrosine phosphorylation of E-cadherin may control the structure of the
molecule, and, hence intercellular adhesion, as well as its stabillity within the
membrane plane (172). The dissociation from junctional regions could drive the E-
cadherin complex away from kinases and phosphatases responsible for the
phosphorylation status of the molecule under normal conditions. In this respect, ret
rearranged PTC seems to present a lower redistribution of the complex, but further
studies are needed to evaluate E-cadherin phosphorylation status and B- and a-catenin
expression. As discussed above, it has been advanced that colonization of lymph nodes
by PTC cells is not mainly correlated with down-regulation in E-cadherin; it is not
therefore contradictory that ret rearranged cases give often rise to lymph node
metastases despite presenting probably a more conserved E-cadherin adhesion system
than PTC without ret-rearrangement (for a more detailed description of the alterations

of the E-cadherin complex see also point 3).



Models of papillary tumourigenesis

PTC present increased expression of various growth factors and growth factor receptors.
In several models a role in cell transformation was attributed to increased growth factor
stimulation. The absence of apparent genetic abnormalities in growth factors/growth
factor receptors in PTC suggests that at least to some extent epigenetic events leading
to overexpression of growth factor/growth factor receptors may play a role in the
neoplastic initiation of follicular cells. Dawson et al. 1995, using IGF-I autocrine
secretion in thyroid cells as an example, suggested that a field effect must exist to
explain carcinogenesis in this context. According to Dawson et al. 1995, the autocrine
overexpression per se (even in the background of a genetic alteration leading to the
overexpression) is a weak factor unless a physiologic stimulator for growth (e.g. TSH) is

present (30).

Ret, trk and ras have been identified as transforming genes in PTC. Altogether they
account for around 50% of the genetic events found in sporadic PTC. A feature which
seems to be common to every PTC phenotype is the frequent (over) expression of growth
factor/growth factor receptors no matter the activating genetic event, if any, underneath
the malignant transformation of the follicular cell. This is the case of the reported
increased expression of EGFR, TGFo and/or ¢-met/HGFR and the more disputable (over)
expression of cserb B2 . The same holds true, though not necessarily in terms of
increased expression, regarding adhesion molecules and molecules related to
invasiveness such as vimentin, CD44, integrins and uPA/uPAR. In fact, abnormal
expression of the aforementioned molecules has been reported in PTC without

demonstrable abnormalities at the genetic level.
Our results support the assumption that (gross) genetic alterations are not usually

underneath the abnormal expression of several growth factors/growth factors receptors

and of several adhesion molecules in PTC.

86



We found ret rearrangements in 24.2% of the PTC in our series. The cases with
rearrangement occurred in significantly younger patients than PTC whithout ret
rearrangement. The former displayed also a trend to a more marked papillary
architecture, a lower proliferative rate and a lower cytoplasmic expression of E-cadherin

than the latter.

We did not disclose any significant difference in the expression of growth factor/ growth
factor receptors (c-erb B2, c-met/HGFR ) and other biological markers (vimentin, bel 2
and uPAR) in cases with and whithout ret rearrangement but our series is too small and
the studies not sufficiently exhaustive to allow drawing definitive conclusions on these

issues,

Expression of p53 was not found in PTC (with or without ret rearrangement). Genetic
instability in dinucleotide microsatellites was found only in a minority of PTC and

mutations of the repair gene hMSH2 were not found in any PTC of our series.

When we analyse our data together with the data reported from other groups, two
interesting points stand up: a) ret rearrangement seems to be more frequent in papillary
microcarcinomas than in clinically evident PTC and, b) nobody has ever demonstrated
the occurrence of poorly differentiated or undifferentiated thyroid carcinoma on a
background of ret-rearranged PTC at variance with the progression towards less
differentiated carcinomas of PTC without ret rearrangement. In the few studies where
solid clinicopathologic correlations were performed ret rearrangement was not
associated with any of the aggressive variants of PTC. It remains to be clarified the role
played by E-cadherin alterations at the genetic and/or protein level in such clinically

aggressive variants.

Our results, lead us to propose the existence of two possible routes of PTC origin and

progression.
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One route in which the most frequent and consistent findings appear to be
alteration/deregulation in the expression of growth factors/growth factor receptors; in
this route no consistent genetic alterations are found (yet?); this "type" of PTC arises
later in life and can progress to less differentiated forms through p53 mutations
(schematic drawing). The other route involving ret rearrangement possibly in the
setting of a specific age related environment leading frequently to tiny, small growing,
quite harmless tumours not evolving to less differentiated forms (as a sort of Bonsai

phenomenon) in tumour biology (schematic drawing).
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Realizamos uma série de trabalhos sobre genes efou proteinas eventualmente
relacionadas com o desenvolvimento do carcinoma papilar da tireoide com o objectivo de
procurar contribuir para a compreensio de algumas caracteristicas clinico-patolégicas
particulares desta neoplasia (crescimento lento, metastizacao ganglionar muito

frequente, bom progndstico).

1. Proliferative activity of human thyroid tumours evaluated by proliferating
cell nuclear antigen/cyclin. Immunchistochemical studies - Estudamos em 76
lesoes da tireoide o indice proliferativo. A andlise foi realizada por imunocitoquimica
utilizando um anticorpo anti-PCNA (posteriormente estuddmos também, com resultados
semelhantes, o indice proliferative usando o anticorpo anti-MIB-1 e a citometria de
fluxo). Detectamos nos 12 carcinomas papilares estudados um indice proliferativo muito
baixo, néo significativamente diferente dos indices proliferativos das lesdes benignas e
dos carcinomas foliculares. Verificimos também que os carcinomas papilares
apresentam indices proliferativos significativamente mais baixos do que os detectados

em carcinomas pouco diferenciados e em carcinomas indiferenciados.

2. Immunohistochemical detection of p53 in differentiated, poorly
differentiated and undifferentiated carcinomas of the thyroid. Avaliamos a
expressdo imunocitoguimica do produto do gene phi3 em 79 lesdes da tireoide. Nio
detectamos imunorreactividade em nenhum dos 12 carcinomas papilares estudados, em
contraste com o sucedido em carcinomas foliculares (20% de casos positivos), carcinomas

pouco diferenciados (16%) e carcinomas indiferenciados (83%).

3. Expression of c-erb B2 in tumours and tumour like-lesions of the thyroid.
Estuddmos por imunocitoquimica e por "western-blot" a expressio da proteina c-erb B2
em 34 lesdes da tireoide, utilizando dois anticorpos que reconhecem epitopes diferentes.
Por "southern-blot” procedemos & pesquisa de amplificacio do gene. Nove dos 10

carcinomas papilares estudados mostraram imunorreactividade citoplasmatica para o c-
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erb B2 , similar a encontrada nas outras lesdes da tireoide e na tireoide normal. A
proteina revelou por “western-blot”, tanto nos carcinomas papilares como nas outras
lesdes, um peso molecular inferior ao atribuide a proteina “madura” do c-erb B2 (130-
140 Kda em vez de 185 Kda). Nao delectamos amplificagio génica em nenhum caso. Ao
contrario do referido na literatura, os carcinomas papilares nao mostraram quaisquer

especificidades relativamente & expressao do c-erb B2.

4, Benign and malignant thyroid lesions show instability at microsatellite loci.
Pesquisamos instabilidade de microssatélites em 46 lesdes da tireoide utilizando o
método de PCR e einco ou seis loci por caso. Dos 12 carcinomas papilares estudados dois
mostraram instabilidade em um ou mais loci: um num locus (1/12 = 8,3%) e outro em
trés loci (/12 = 8,3%). Nao detectamos em nenhum caso qualquer mutac¢io do gene
hMSH2 (gene de reparagio de erros de emparelhamento do ADN mais vezes envolvido
na instabilidade de microssatélites). Concluimos que a frequéncia de ocorréncia de
instabilidade de microssatélites em carcinomas papilares é baixa e semelhante a

detectada em outras lesdes (benignas e malignas) da tireoide.

5. E-cadherin gene alterations are rare events in thyroid tumors. Avalidmos a
expressao da proteina caderina-E por imunocitoquimica em 31 lestes da tireoide. A
técnica do PCR/SSCP foi utilizada para a pesquisa de mutagdes. A expressao da
caderina-E nos 18 carcinomas papilares estudados revelou-se de intensidade reduzida e
distribuigiio heterogénea em comparagdo com as observadas na tireoide normal e em
tumores foliculares benignos e malignos. Detectdmos uma mutagdo do gene da caderina-
E no tinico caso de variante esclerosante difusa de carcinoma papilar incluido na série.
Nos outros carcinomas papilares detectamos apenas, como noutros tipos de lesdes
benignas e malignas, alguns polimorfismos do gene. Concluimos que as alteracdes do
gene da caderina-E parecem ocorrer raramente em carcinomas papilares comuns da
tireoide e avancdmos a hipdtese de que a modulagio da transcrigio deste gene poderd

estar na base da expressio anormal desta proteina em carcinomas papilares.



6. Sporadic ret-rearranged papillary carcinoma of the thyroid: A subset of slow
growing, less aggressive thyroid neoplasms?. Pesquisdmos por "southern-blot"
rearranjos do gene ret numa série de 33 carcinomas papilares da tireoide. Os oito casos
que tinham rearranjo deste gene foram comparados com os 25 cagsos sem rearranjo
relativamente a diversas caracteristicas clinico-patolégicas e &  expressdo
imunocitoquimica das seguintes proteinas: MIB-1, caderina-E, c-erb B2, c-met/HGFR ,
bel-2 e vimentina. A idade média dos doentes com carcinomas papilares com rearranjo
do ret € significativamente mais baixa do que a dos doentes com carcinomas que néo
apresentam rearranjo. Nao encontramos diferencas significativas relativamente as
outras caracteristicas clinico-patologicas estudadas nestes dois grupos para além da
tendéncia para os carcinomas com rearranjo do ret apresentarem um padrao papilar
francamente dominante. Os carcinomas papilares com rearranjo do ret mostraram
reducdo significativa de marcacao citoplasmatica para a caderina-E e uma tendéncia
para menores indices proliferativos do que os casos sem rearranjo do ret. Observamos
ainda uma correlagio positiva entre a marcagio imunocitoquimica do receptor tirosina-
cinase c-met/HGFR e a marcagao para o filamento intermediario vimentina. Nesta
mesma série de carcinomas papilares procedemos ao estudo do receptor do activador do
plasminogéneo do tipo uroquinase (uUPAR); a expressao deste antigénio correlacionou-se
significativamente com a presenc¢a de invasdo venosa. As conclusdes destes trabalhos

estdo resumidos nas respostas ds questdes 2 e 4 (ver adiante).
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Com base nos resultados obtidos nestes diferentes estudos e na revisao da literatura

procuramos responder as seguintes questdes:

1. Existira no carcinoma papilar da tireoide alguma alterac¢io fundamental da regulacao

da proliferagio e/ou da estabilidade genémica?

Como questdo suplementar interrogamo-nos sobre a possibilidade de existir nestes
carcinomas uma progressao do tipo “mutadora” (associada a alteracdes de enzimas de
reparacgio de erros de emparelhamento do ADN) ou do tipo “supressora” {associada a

inactivacdo de genes supressores tumorais).

Concluimos que o carcinoma papilar da tirecide é uma neoplasia pouco proliferativa,
nao se distinguindo a este respeito das lesdes benignas da tireoide. Tao-pouco se
distingue no que diz respeito 4 chamada “instabilidade gendémica” uma vez que a
instabilidade de microssatélites se revelou um fendmeno restrito nos carcinomas
papilares, como alids nas restantes lesdes tireoideias. Concluimos, por isso, que a
progressao do carcinoma papilar nio parece envolver um mecanismo do tipo “mutador”
com alteragbes de enzimas de reparacio de erros de emparelhamento do ADN. O
fenétipo dos carcinomas indiferenciados da tireoide (mutagoes do gene p53, aneuploidia
e alteractes cromossomicas) sugere, por outro lado, que a progresséo de alguns (muitos?)
carcinomas papilares para formas indiferenciadas se fard por inactivagio de genes

supressores tumorais.

2. Estarfo receptores de factores de crescimento especificamente desregulados no

carcinoma papilar da tireoide?
Para a resposta a esta questio, que é amplamente debatida em trabalhos dos grupos de

Akslen, Williams e Wynford-Thomas, somente adiciondmos alguns dados no contexto da

expressao de receptores tirosina-cinase em carcinomas papilares. Verificamos que a
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expressio da proteina do c-erb B2 nfo se encontra associada ao carcinoma papilar, nem
em termos absolutos (é tambem expressa em outras lesoes e na tireoide normal) nem
relativos. Verificamos também a inexisténcia de amplificaciio do gene e a existéncia de
uma proteina com um peso molecular inferior ao do esperado (proteina nao glicosilada?).
Concluimos assim, em contraste com o “dogma” reinante, que o c-erb B2 e a sua
expressdo parecem estar mais associados a diferenciacao do que a malignizagio nas

lesdes tireoideias em geral e no carcinoma papilar em particular.

Em consonéncia com o grupo de Ruco verificimos a expressio sistematicamente
aumentada da proteina do c-met/HGFR em carcinomas papilares e demonstramos a
associacdo deste facto & expressdo aumentada de vimentina. Tal como com o c-erb B2
ndo encontramos, nos carcinomas papilares, alteragées estruturais do gene c-met/HGFR.
A resposta a questao inicial é, portanto, “sim, ha evidéncia para afirmar a desregulacao
de varios conjuntos de factores de crescimento/receptores de factores de crescimento no
carcinoma papilar da tireoide”. E justifica-se acrescentar que essa desregulacio parece
ser muito mais do foro “funcional” (alteragdes de transcrigdo, tradugdo efou pds-
traducao) do que do foro “estrutural” se exceptuarmos o dominio de alguns receptores

tirosina-cinases (ret e trk).

3. O fendtipo metastatico particular do carcinoma papilar esta associado a alteragoes na

molécula de adesao caderina-E?

Concluimos que as mutacdes do gene da caderina-E sio raras em carcinomas papilares
comuns embora haja expressdo diminuida da proteina nestes tumores. Esta expressio
diminuida podera explicar a facilidade com que muitos carcinomas papilares progridem
no parénquima tireoideu e invadem linfaticos e até tecidos extratireoideus. As mutacdes
do gene da caderina-E poderdo, no entanto, ser importantes em variantes particulares
do carcinoma papilar caracterizadas por grande invasibilidade local e regional.
Verificamos que a expressdo aumentada do receptor para o activador do tipo uroquinase

assocla-se & presenca de invasdo venosa nos carcinomas papilares e podera portanto
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contribuir para o entendimento da extrema “invasibilidade” destas neoplasias apesar do
seu baixo indice proliferativo. A resposta a4 questio inicial passa assim pela nogao de
que, tal como com os conjuntos de factores de crescimento/receptores de factores de
crescimento, ha evidéncia suficiente para afirmar o envolvimento de alteragies da -
caderina-E, como de outras moléculas de adesdo (ex. CD44), no comportamento biolégico
particular do carcinoma papilar; parece-nos também licito afirmar que esse
envolvimento reflecte muito mais uma desregulagdo a nivel transcricional efou pés-

transcricional do que alteragoes estruturais dos respectivos genes.

4. Qual v significado da activagiio do oncogene ret em carcinomas papilares da tireoide?

Verificimos que os carcinomas papilares com rearranjo do ret sdo carcinomas com baixo
indice proliferativo que ocorrem em individuos jovens e quase nunca evoluem para
formas indiferenciadas, em contraste com os carcinomas papilares sem rearranjo que
tendem a ocorrer em doentes mais idosos e sdo susceptiveis de progredir, usualmente
através de mutagdes no gene p53, para carcinomas indiferenciados. Para além destes
aspectos ndo encontramos diferencas entre as caracteristicas clinico-patolégicas dos
casos com e sem rearranjo do ret. Tdo pouco observamos diferencas histoldgicas e
imunocitoquimicas entre estes dois grupos de carcinomas papilares excepto no que se
refere &4 franca predominincia de arquitectura papilar e 4 reduzida expressdo
citoplasmdtica da caderina-E nos carcinomas papilares com rearranjo do ret.
Concluimos haver evidéncia suficiente para sugerir que a activacio do ret produz uma
espécie de curto-circuito no processo de carcinogénese papilar levando ao aparecimento,
em doentes jovens, de carcinomas papilares bem "desenvolvides" embora
frequentemente de pequenas dimensdes; estes carcinomas ndo progridem
aparentemente para formas indiferenciadas, podendo progredir ou mantendo
indefinidamente o aspecto de (pequenos) carcinomas de arquitectura papilar,
constituindo assim uma espécie de fenémeno “bonsai” a traduzir uma via alternativa de

cancerizacdo da tireoide.
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Correspondence

Proliferative Activity of Human Thyroid
Tumors Evaluated by Proliferating Cell
Nuclear Antigen/Cyclin
Immunchistochemical Studies

We read with interest the article by Shimizu et al.' on the im-
munohistochemical study of the proliferative activity of hu-
man thyroid tumors evaluated by proliferating cell nuclear
antigen (PCNA) in which the authors demonstrate the useful-
ness of this method of assessing proliferation in spite of the
reported “complexities of proliferating cell nuclear antigen”.?
Two of the conclusions of the article deserve, in our opinion,
a commentary.

The first conclusion concerns the relationship between
the ratio of PCNA-positive nuclei and the clinical behavior of
thyroid tumors. We concur with Shimizu et al.' that clinically
aggressive thyroid carcinomas have a higher percentage of
PCNA-positive nuclei than do less aggressive tumors. This
conclusion is particularly obvious with regard to undifferen-
tiated (anaplastic) carcinomas and, in our hands, poorly
differentiated (insular) carcinomas as described by Carcangiu
et al.® Using the monoclonal antibedy PC10 (DAKO) and
counting at least 1000 nuclei per section, we found that poorly
differentiated carcinomas displayed a significantly higher per-
centage (P < 0.05) of PCNA-positive cells (11.5 + 2.2%) than
did benign lesions (3.6 + 1.9%), papillary carcinomas (4.4 +
1.5%), and follicular carcinomas (2.9 + 1.2%). The same held
true for undifferentiated carcinomas, which displayed a sig-
nificantly higher percentage (P < 0.01) of PCNA-positive cells
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Figure 1. Scattergram of the percentages of immunoreactive cells for
proliferating cell nuclear antigen in the different groups of thyroid
lesions (three cages were excluded because of equivocal staining for
FCA).

(38.7 + 3.9%) than did poorly differentiated carcinomas (11.5
+2.2%).

Our results are almost identical to those reported by
Shimizu et al.,' despite the different antibodies used in the
two series. In contrast to Shimizu et al.,' however, we did not
find any significant difference between benign lesions (adeno-
mas and adenomatous goiters) and well differentiated (papil-
lary and follicular) carcinomas. As a matter of fact, some of
the benign lesions of our series had higher PCNA-labeling
indexes than the maximum score observed in papillary and
follicular carcinomas (Fig. 1). Our results correspond with the
reports of several groups on the same issue using both flow
cytometry*® and Ki-67 immunohistochemistry,® thus ruling
out the usefulness of the evaluation of cell proliferation by
PCNA immunohistochemistry (or by any other method) in
the separation of benign from malignant thyroid tumors in
single, difficult cases.

The second conclusion of the article of Shimizu et al.' we
would like to address is the similarity of the results obtained
in their study of the so-called well differentiated and poorly
differentiated types of papillary carcinomas (4.9  1.7% and
4.6 £ 1.1%, respectively). These results correspond with our
own findings using flow cytometry (data not shown) and con-
tribute to raise doubts on the clinico-pathologic meaning of
the aforementioned classification of papillary thyroid carcino-
mas, as has already been stressed by Carcangiu et al.” and
Vickery etal.’ -~
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Dear Sir,

Expression of C-erb B2 in tumours and tumour-like lesions
of the thyroid

Immunoreactivity for C-erb B2 protein, frequently owing to
C-erb B2 gene amplification, occurs in some human carcino-
mas of the breast, salivary gland, stomach, colon, pancreas
and bladder (Slamon et al., 1987; De Potter et al., 1989;
Kameda et al., 1990). In breast carcinomas in particular, the
amplification and over-expression of C-erbB2 gene has been
shown to correlate with biological aggressiveness of the neo-
plasms, therefore being considered a useful prognostic indica-
tor (Slamaon et al., 1987). C-erb B2 protein expression has also
been detected in normal mammary epithelial cells and has
been shown to depend on cell density and levels of epidermal
growth factor (EGF) in the culture medium, thus pointing to a
role of C-erb B2 gene in normal mammary gland physiology
(Komilova et al., 1992). Thyroid gland growth and differentia-
tion result from the balance between the primary tissue-specific
regulator TSH and “'secondary” regulators such as EGF and
insulin-like growth factor-1 (Smith and Wynford-Thomas,
1989). The role played by these and other growth factors and
oncogenes in the development and maintenance of thyroid
rumours Is still @ matter of intense debate (Low, 1991). The
results obtained to date on the expression of EGFR and C-erb
B2 gene in the pathogenesis of thyroid lesions are particularly
controversial. Aasland et al. (1988) reported higher levels of
C-erb B2 mRNA in papillary carcinomas than in other thyroid
lesions and suggested the existence of an association of the
EGFR/C-erb B2 product with thyroid carcinoma. These find-
ings contradict those of Lemoine et al. (1990) who did not find
any immunohistochemical expression and for DNA abrormali-
ties of C-erb B2 in normal thyroid or in thyroid tumours.
Haugen et al. (1992) reported the detection of C-erb B2
immunoreactivity in 12 out 17 papillary carcinomas, while no
C-erb B2 protein immunostaining was seen in any other tpe of
thyroid tumour or in non-neoplastic thyroid tissue.

These controversies prompted us to study the C-erb B2 gene
and C-erb B2 protein in a series of different tumours and
tumour-like lesions of the thyroid and in normal thyroid tissue.

The expression of C-erb B2 protein was evaluated by immu-
nohistochemistry on paraffin sections of 34 thyroid lesions
classified according to Hedinger et al. (1988) as nodular goitre
(n = 4), adenoma (n = 6), follicular carcinoma (n = 4), pap-
illary carcinoma (n = 10), poorly differentiated (insular) carci-
noma (n = 6), medullary carcinoma (n = 3) and undifferenti-
ated carcinoma (n = 1) and in the normal adjacent thyroid
parenchyma of 25 of the 34 cases. Immunostaining was
performed through the avidin-biotin-peroxidase complex as
previously described (Holm et al., 1985). Two monocional
antibodies were used (OM-11-952, Cambridge Research Bio-
chemicals, diluted 1:500, and NCL-CB11, Novocastra (New-
castle upon Tyne, UK), diluted 1:40). Positive controls in-
cluded a case of gastric carcinoma previously known to have

intense cellular membrane immunoreactivity and 8-fold ampli-
fication of C-erb B2 (David et al., 1992) and the gastric
cancer cell line MKN45 which is known fo over-express C-erb
B2 without gene amplification (Kameda et al., 1990). Nega-
tive controls consisted of substitution of the primary antibody
for mouse immunaoglobulins of the same subclass and in the
same concentration as the primary antibody. The results were
semi-quantitatively scored as negative (), few positive cells
(+), 10 to 50% positive cells (++), and more than 50%
positive cells (+++) by 2 observers acting independently. The
same procedure was used 1o score the mean staining infensity
of positive cells into faint and intense. Statistical comparison of
the resulis was performed using the Chi-square method after
Yate’s correction and Fisher's exact test. Six cases (and the
respective normal thyrotd parenchyma from 2 of them) were
studied by Western-blot analysis. Total proteins were extracted
and separated by electrophoresis in polyacrylamide/SDS gels
(5%) running at 20mA for 2 hr with molecular weight stan-
dards (RPN756, Amersham, Aylesbury, UK) and then blotted
onto a nitrocellulose filter (Hybond-C, Amersham) for 2 hour
at 400mA in a buffer containing 25mM TRIS, 19 mM glycine,
pHB8.3. Non-specific binding was inhibited by 1 hr incubation
in a blocking buffer (5% dry milk, 0.1% Tween — 20 in TBS).
The blot was probed with OM-11-932 (diluted 1:1,000) and
NCL-CBI1 (diluted 1:40) and colour development was
performed using a streptavidin-biotin-atkaline phosphatase
systern (RPN 22, Amersham) following the manufacturer’s
recommendations. To evaluate gene amplification, high-
molecular-weight DNA was extracted according to a standard
pracedure (Mullenbach et al., 1989) from 8 wmours scored
++4 or +++ by immunohistochemustry. DNA samples were
digested with Eco RI, separated by electrophoresis in 0.8%
agarose gel and transferred to nylon membranes (Hybond N,
Amersham). Hybridization was performed using a *>P-labelled
C-erb B2 ¢cDNA probe (Yamamoto et al., 1986). The probe
was labelled by an oligolabeiling method (Feinberg and Vogel-
stein, 1983) and autoradiograms were developed after 4 days
at =70°C.

The results of the immunchistochemical study are summa-
rized in Table 1. Twenty-nine of the 34 cases showed immuno-
reactivity with both antibodies. Immunoreactivity was also
observed in all normal thyroid samples studied. There was a
striking variation from case to case in the percentage of positive
cells and only a minority of lesions displayed more than 50%
of cells positive for the C-erb B2 protein (Table 1). This finding
fits with the well-known thyroid-cell heterogenity regarding
both growth and {or functional status (Mivamoto et al., 1988;
Zbieranowski and Murray, 1992). The pattern of staining was
almost identical with both antibodies, the difference being a
trend towards more intense staining and slightly more numer-
ous immunoreactive cells with OM-11-952 than with NCL-
CRB11 antibody. Every positive case showed cytoplasmic stain-
ing and in several thyroid lesions the staining was localized in
the supranuclear region of the cytoplasm (Figs. 1, 2). No
distinct cell-membrane staining was observed in thyroid lesions
or in normal thyroid samples (Figs. 1, 2). Colloid was non-
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TABLE I - SUMMARY OF THE IMMUNOHISTOCHEMICAL FINDINGS

Staining score

Staining intensity

Diagnosis (n) o) W e e abm mes
Goitre (4) 00 ogn) 2(50)  2(50) 0(0) 4 (100)
Adenoma (6) 00 4 (66) 1(17) 117 3 (50 3(50
Follicular carcinoma (4) 0(0) 2%50; 1(25 1525 3(75 1(25
Papillary carcinoma (10) 1 10; 4 (40 4 (40 1(10) 660 3(30
Poorl; ggffen carcinoma (6) 2(33 1(17) 2(33) 1(17 1(11) 3 (50
Undifferentiated carcinoma (1) 0(0) 1(100y 0(0) 0(0 1(100)  0(0)
Medullary carcinoma (3) Zgﬁﬁ) 0 %D) 1533) 0}0 0(0) 1(33
Normal thyroid (25) 1(4) 12(48)  7(28) 5(20) 9(36) 16 (64
A 8 &] o E F G H
06 Ka-
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97 K-

FIGURE 1 - Papillary carcinoma showing few immunoreactive
cells for C-erb B2 protein (arrows). The tumour was scored
+(NCL-CBI11 antibody) (scale bar = 50 mm).

. FIGURE 2 - Papillary carcinoma with relatively abundant immu-
noreactive cells for C-erb B2 protein. The tumour was scored + +.
Inser: Higher magnification showing the supranuclear localization
of the (intenseg staining (NCL-CB11 antibody) (scale bar = 50
mm; the magnification of the inset is twice as great). The Western
blot showed a band of 130-140 kDa. Gene amplification was not
found in this case by Southern blot.

immunoreactive. No significant differences were found be-
tween the different types of thyroid lesion. In the Western-blot
analysis, a band of 130-140 kDa was identified with both
antibodies (Fig. 3). Other bands of molecular weight lower
than 130 kDa were observed with both antibodies in every

FIGURE 3 — Western-blot analysis of 5 lesions and 2 adjacent
normal thyroid tissue specimens. Lanes A and B, normal thyroids
scored respectively as + and +++; lane C, nodular goitre scored
as ++; lanes D and E, follicular adenomas scored respectively as
+-++ and +; lane F, papillary carcinoma scored as ++ +; lane G,
follicular carcinoma scored as +++; lane H, gastric carcinoma
(positive control). The typical band of 185 kDa detected in the
positive control was not’seen in any thyroid sample. A band of
133-137 kDa was obscrved in every lesion scored ++ + as well as
in the positive control. The absence of a distinct 133-137-kDa
band in the goitre (lane C) probably reflects the bias induced by
cell heterogeneity of most lesions. Low-malecular-weight bands
were seen in every sample. (See text for details.)

immunohistochemically positive sample, though more promi-
nently with OM-11-952 than with NCL-CBI1. Western blots
vielded a good correlation between immunohistochemical stain-
ing and the density of the bands (Fig. 3; results not shown in
detail). The typical 180-190-kDa band was only clearly ob-
served in the gastric carcinoma tissue and the gastric cancer
cell line used as positive controls. Gene amplification was not
found in any of the 8 cases studied, in contrast to the gastric
carcinoma used as positive control (results not shown).

it is impossible to compare our results with those reported so
far on the immunohistochemical detection of C-erb B2 protein
in thyroid lesions (Lemoine et al., 1990; Haugen et al., 1992)
as different antisera were used. The reported studies did not
include OM-11-952 or NCL-CB11 among the antibadies tested
and this may explain the differing results of the 3 series. It is
noteworthy that, in our preliminary tests to determine the
working conditions, we included the polyclonal antibody OA-
11-854 used by Haugen et al. (1992) on frozen material. This
antibody was withdrawn from the present study because, in our
hands, consistent results in paraffin-embedded material were
not obtained.

Using 2 antibodies considered as specific for C-erb B2
protein, we observed immunoreactivity in all types of thyroid
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lesion and in normal thyroid parenchyma as well To a certain
extent our results agree with the findings of Haugen et al.
(1992) concerning the detection of C-erb B2 mRNA in all
cases included in their series. Taking these results together, it
seems likely that C-erb B2 protein may serve as a growth factor
involved in the growth and differentiation control in thyroid as,
apparently, in the mammary gland (Kornilova et al., 1992).
The absence of C-erb B2 amplification reported by Lemoine et
al. (1990) and confirmed in the present study also agrees with
the aforementioned hypothesis.

Our results raise an additional problem: the detection by
Western blot of a 130-140-kDa band instead of the tvpical
180-190-kDa band. The meaning of this finding is still not
clear. Since we confirmed our first results with a second,
different monocional antibody, we think the possibility of this
being just a spurious finding may be excluded. As suggested by
Corbett et al. (1990) in the light of their own results, we may be
identifving a precursor molecule of the C-erb B2 gene product
rather than us usual, final form. Relating the molecular weight
of the detected band (130140 kDa) with the molecular weight
(about 137 kDa) of the apoprotein of the C-erb B2 glycoprotein
(Akyama et al., 1986), it is tempting to suggest that one may be
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dealing with an unglycosylated form of the C-erb B2 protein.
This hypothesis fits with the cytoplasmic (Golgi? RER?) local-
ization of the staining we observed in our series, since it is
known that deficiently glycosylated glycoproteins tend to stay in
the cytoplasmic compartments where they are synthesized in-
stead of proceeding to their cell sites (Daneker et al., 1987). It
is, however, hardly conceivable that only a precursor form can
be identified in such a wide range of lesions and even in normal
parenchyma. The cytoplasmic staining may also reflect a rapid
turnover of the C-erb B2 receptor in the thyroid following
activation by its ligands and {or under partial control by EGF,
thus leading to its internalization and degradation as suggested,
in the mammary gland by Kornilova et al. (1992). The possibil-
ity of testing any of these hypotheses, which are not mutually
exclusive, rests beyond the scope of the present study.

Yours sincerely,

Paula Soares, Clara SamBape and Manuel SOBRINHO-
SIMOES

Institute of Molecular Pathology and Immunology of the
University of Porto-1PATIMUP, 4200 Porto, Portugal.

September 7, 1993.
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Immunohistochemical detection of p5 3 in differentiated, poorly differentiated and
undifferentiated carcinomas of the thyroid

In an attempt to find whether or not p53 immunoreactivity in the thyroid gland is restricted to undifferentiated
carcinomas and to evaluate the putative prognostic usefulness of its detection, we investigated p53 immunoreactivity
in a series of 14 benign thyroid lesions and 65 thyreid carcinomas (12 papillary; six minimally invasive follicular; four
widely invasive follicular; 31 poorly differentiated and 12 undifferentiated tumours). Unequivocal nuclear
immunostaining for p53 was observed in two widely invasive follicular carcinoma (20.0%), five poorly differentiated
carcinomas (16.1%) and in 10 undifferentiated carcinomas (83.3%). The percentage of immunoreactive cells was
much smaller in the former groups than in undifferentiated carcinomas. Despite a trend to a more aggressive
behaviour of the p53 immunoreactive cases no significant differences in the outcome of patients with positive and
negative tumours was found when the comparison was made within each category of carcinomas. We conclude that
p53 immunoreactivity can be detected both in undifferentiated carcinomas and in some differentiated and poorly
differentiated thyroid carcinomas. Larger series of cases are necessary to evaluate the prognostic usefulness of this
finding.

Keywords: p5 3, immunohistochemistry, carcinoma, thyroid

omas®?!!. Dobashi et al.® advanced, furthermore, the

possibility of using the over-expression of p53 as a

Introduction

Mutations of the p53 tumour suppressor gene play a
major role in the development of many carcinomas,
namely in the colon, breast and bladder'?, whereas the
role played by such mutations in thyroid carcinogenesis
remains controversial* 2, Some authors claim that p53
mutations are restricted to undifferentiated carcin-
omas®1? thus supporting the concept that in thyroid the
inactivation of the p53 gene is a (very) late event
associated with the most advanced stages of tumour
progression®71%12 In contrast to this, other groups
reported the presence of p53 mutations and/or immuno-
reactivity in a number of differentiated thyroid carcin-

Address lor correspondence: Professor Manuel Sobrinho-Simaes,
Department of Pathology, Medical School. Hospital S. Jodo,
4200 Porto, Portugal.

prognostic factor in human thyroid carcinomas.

In an attempt to help settle the aforementioned
controversy and to verify whether or not p53 immuno-
reactivity may serve for prognostic purposes, we under-
took an immunchistochemical study of a series of
thyroid tumours with particular emphasis on the so-
called poorly differentiated carcinomas'*-'* which are
thought to represent an intermediate step between
differentiated and undifferentiated thyroid carcinomas.

Materials and methods

Fourteen benign thyroid lesions (adenomas and nodular
goitres) and 70 thyroid carcinomas from which repre-
sentative sampling and properly fixed material was
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available (one to four paraffin blocks per case) were
investigated routinely as well as by immunohisto-
chemistry. In seven carcinomas frozen material was also
available for immunohistochemical study. In seven
cases two independent lesions could be studied in the
same histological sections. In five cases sequential
biopsies from the primary tumours and from recurrence
or metastases were available for study.

The 70 carcinomas were classified according to the
criteria advanced by Hedinger et al.'® and Carcangiu et
al.'* as papillary carcinoma (n=12), minimally invasive
follicular carcinoma (7) widely invasive follicular car-
cinoma (4), poorly differentiated carcinoma (35) and
undifferentiated (anaplastic) carcinoma (12). One min-
imally invasive follicular carcinoma and four poorly
differentiated carcinomas were excluded from the series
due to equivocal immunostaining for p5 3. Five follicular
carcinomas and one poorly differentiated carcinoma
displayed Hiirthle cell features. Immunohistochemistry
for cytokeratins, thyroglobulin, calcitonin and calci-
tonin-gene related peptide was used whenever necessary
in the differential diagnosis of the most difficult cases.

Paraffin embedded material. The tissues were fixed in
formalin or in Bouin fixative, and embedded in paraffin
wax. Sections, 5 um thick, were cut and mounted in
gelatin-coated slides. Immunostaining was performed
using the avidin-biotin-peroxidase complex (ABC)
method. Sections were dewaxed and then immersed for
30 min in 0.3% hydrogen peroxide (H,0) in methanol,
to block endogenous peroxidase activity. A proteolytic
step was performed subsequently, immersing the slides
in 0.1% pepsin, pH 2.5, for 30 min. After several
washings in distilled water, non-specific staining was
eliminated by 20 min incubation with normal rabbit
non-immune serum. Excess normal serum was removed
and replaced by the specific primary antibody (Ab6
Oncogene Sciences) diluted 1:75. Sections were incu-
bated overnight at 4°C. After washing the slides, sections
were incubated with a 1:100 dilution of biotin-labelled
secondary antibody for 30 min and ABC (avidin 1:100
and biotin-labelled peroxidase 1:100, K 355, Dako
Corporation) for 1 h. Subsequently sections were stained
for 7 min with 0.05% 3,3-diaminobenzidine tetrahy-
drochloride, 0.01% H;0, in 0.05 m Tris/HCI buffer pH
7.6, counterstained with haematoxylin, dehydrated and
mounted. Non-immune serum was diluted in 25% BSA
in TBS, and primary antibodies, biotinylated secondary
antibodies and ABC were diluted in 12.5% BSA in TBS.
Paraffin embedded sections of a gastric carcinoma with a
confirmed mutation of p53 which were unequivocally
immunoreactive for p5 3, were included in every series as
positive controls. Negative controls consisted in substitu-

tion of the primary antibody for mouse immunoglobulin
of the same subclass and in the same concentration as
the primary antibody.

Frozen material. Immunostaining of the frozen sections
was performed with the peroxidase-anti-peroxidase
(PAP) method. Briefly, cryostat sections were fixed in
acetone for 10 min and hydrated in distilled water. The
p53 antibody (Ab6, Oncogene Sciences) was then added
at a concentration of 1:75 and incubated overnight in a
moist chamber at 4°C. After careful washes in PBS, a
peroxidase conjugated rabbit immunoglobulin to mouse
immunoglobulin (Dako, P-260) in a concentration of
1:15, followed by a peroxidase monoclonal mouse anti-
peroxidase complex (Dako, P-850) at 1:100, were
applied for 30 min each. The staining step was per-
formed as previously described. PBS was used as diluent.
Frozen material of the aforementioned gastric carcin-
oma was used as a positive control for the detection of
P53 immunoreactivity in frozen sections using the PAP
method. PBS instead of the Ab6 antibody was used as a
negative control.

Immunohistochemical evaluation. Every section was care-
fully scrutinized for the presence of nuclear immuno-
staining for p53. The areas displaying more numerous
stained nuclei were selected for counting. From each
case at least 1000 nuclei were counted. p53 immuno-
reactivity was expressed as negative ( — ), less than 10%
of positive cells (+), from 10 to 50% of positive cells
(+ +), and more than 50% of positive cells (+ + +).

Follow-up and statistical analysis. Poorly differentiated
carcinomas were treated by total thyroidectomy or
quasi-total thyroidectomy followed by radioactive
iodine. The treatment of well-differentiated carcinomas
and undifferentiated carcinomas varied greatly. Follow-
up information was obtained in 36 of the 43 patients
with poorly differentiated and undifferentiated carcino-
mas (83.7%). The results are expressed in percentage or
in mean +standard error. The statistical analysis was
performed using the y* method after Yates correction,
Fisher's exact test, and Student’s two sided t-test. The
results were considered significantly different if P < 0.05.

Results

Unequivocal nuclear immunostaining for p53 was
observed in two widely invasive follicular carcinomas
(Figure 1), five poorly differentiated carcinomas (Figure
2), and in 10 undifferentiated carcinomas (Figures 3 and
4). The immunohistochemical data are summarized in
Table 1.



Figure 1. p53 immunostaining in two different areas of a follicular
carcinoma: there are very few positive cells (arrows).

Immunostained nuclei were present throughout the
neoplastic tissue of all the positive cases but the number
of stained nuclei varied greatly for each type of carcin-
oma. Both follicular carcinomas and four of the five
poorly differentiated carcinomas had less than 10% of
immunoreactive cells, whereas eight of the 10 positive
undifferentiated carcinomas had more than 10% of
immunoreactive cells (Table 1). Most of these undifferen-
tiated carcinomas, however, had more than 25% of
immunoreactive cells (Figures 3 and 4). In cases with
less than 10%, of immunoreactive cells, immunostained
nuclei tended to be concentrated in some areas that
contrasted with large areas completely devoid of im-
munoreactivity. In one follicular carcinoma only dis-
persed immunoreactive nuclei were observed (Figure 1).

The staining was more intense when frozen material
was used instead of formalin-fixed, paraffin embedded
material in two cases that had been classified as positive
in paraffin sections. However, none of the five cases of
differentiated and poorly differentiated carcinomas that
had been considered as negative in paraffin embedded
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Figure 2. p53 immunostaining of a poorly differentiated carcinoma
displaying Hurthle cells and some positive nuclei (arrows). Inset:
higher magnification of the cell with two positive nuclei.

material displayed any detectable staining in the respec-
tive frozen samples. Diffuse cytoplasmic immunostaining
was observed in these cases belonging to different groups
of lesions. A similar pattern of staining was observed in
these cases when the antiserum to p53 had been
substituted by mouse immunoglobulin; this staining was
thus considered to be non-specific.

The two patients with widely invasive follicular
carcinomas positive for p53 were 72 and 80 years old.
One of these patients died 24 months after surgery and
the other was lost to follow-up. The series of widely
invasive follicular carcinomas was too small to allow
any meaningful comparison between positive and nega-
tive cases.

The comparison of the clinico-pathological features of
the five cases of poorly differentiated carcinoma display-
ing immunoreactivity for p53 with those of the 26
negative cases showed a trend to a higher mortality rate
at 2 years in the former (75.0%) as compared with the
latter (52.4%), without, however, reaching statistical
significance. The two undifferentiated carcinomas in
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Figure 3. p53 immunostaining of an undifferentiated carcinoma
composed of spindle cells (sarcomatoid appearance) with many
(10% < n<50%) positive cells.

which no immunoreactivity for p53 was detected did not
differ significantly from the 10 positive cases in any
respect. Ten of the 11 patients with follow-up were dead
within 13 months after surgery. The remajning patient
is alive 4 months after surgery.

Comparison of the immunoreactivity for p53 in two
different lesions represented in the same histological
sections of seven cases revealed that whenever there was
a difference between the two lesions, p53 immunoreac-
tivity was found in the most malignant one (a poorly
differentiated carcinoma close to an adenoma and foci of
undifferentiated carcinoma having two poorly differen-
tiated carcinomas as background).

The immunohistochemical study of the five cases in
which there were sequential biopsies from recurrences
and/or metastases revealed, in three of them, similar p53
immunoreactivity patterns in the primary and second-
ary tumours (two negative poorly differentiated carcin-
omas and one positive undifferentiated carcinoma). One
of the remaining cases was a poorly differentiated
carcinoma that was positive for p53 in the primary

Figure 4. p53 immunostaining of an undifferentiated carcinoma
with many (> 509%) positive cells. Inset: higher magnification of
some positive cells and some cells which are difficult to classify as
positive or negative,

tumour and displayed equivocal immunostaining in the
metastasis, 18 months later. The other case was a poorly
differentiated carcinoma which was negative for p53
and recurred 1 year later as an undifferentiated car-
cinoma displaying immunoreactivity for p53.

Table 1. Summary of the immunohistochemical findings for
p53

Staining score

0 + ++ +++

Goitre and adenoma (14 cases) 14 0 0 0
Papillary carcinoma (12} 12 0 0 0
Follicular carcinoma (10) 8 2 0 0
Poorly differentiated carcinoma (31) 26 4 1 0
Undifferentiated carcinoma (12) 2 & 6 2

* These positive follicular carcinomas were of the widely
invasive type.



Discussion

To the best of our knowledge this is the first study of p53
immunoreactivity emphasizing the analysis of so-called
poorly differentiated thyroid carcinomas, considered to
be an intermediate step between differentiated and
undifferentiated carcinomas'*-'*. For practical purposes
it is very difficult or even impossible to distinguish this
group from the formerly designated ‘moderately differ-
entiated follicular carcinomas''’-'®, Curiously, the exis-
tence of some overlap between both classifications is
indirectly supported by our results: the p53 immuno-
reactive cases of our series that did not belong to the
group of undifferentiated carcinomas were either poorly
differentiated carcinomas or moderately differentiated,
widely invasive follicular carcinomas.

We found p53 immunoreactivity in*the nuclei of 10
out of the 12 (83.3%) undifferentiated carcinomas. This
result fits with the high frequency of p53 mutation(s)
reported by Ito et al.'? and Fagin et al.!! in the same type
of thyroid tumours (Table 2) as it is known that there is a
good relationship between the accumulation of p53
protein to levels detectable by immunohistochemistry
and the presence of point mutation(s) of the p53 gene'®,

The absence of immunoreactivity for p53 in two
undifferentiated carcinomas does not appear to be due to
technical artefact (e.g. poor fixation) because the neo-
plastic cells of these tumours displayed strong immuno-
reactivity for a number of other antigens. We do not
know if these non-immunoreactive cases represent
examples of the so-called false negative p53 immuno-
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reactivity, i.e. cases in which the loss of p5 3 activity may
not be accompanied by a detectable accumulation of the
protein!®. The similarity of the negative and positive
undifferentiated carcinomas regarding the most impor-
tant clinico-pathological features, including very high
PCNA labelling indexes (results not shown), are in
keeping with the aforementioned possibility.

The contrast between the prevalence of p5 3 mutation
and/or immunoreactivity in differentiated and unditier-
entiated thyroid carcinomas in most of the series
supports the assumption that p53 mutation(s) may be a
necessary molecular event in the undifferentiated (ana-
plastic) transformation of thyroid carcinomas®. In keep-
ing with the repeatedly reported absence of p53
mutations in papillary carcinomas and unlike Dobashi et
al.?, we did not find p5 3 immunoreactivity in any of the
12 papillary carcinomas of our series. We found, on the
other hand, p53 immunoreactivity in a minority of
follicular carcinomas and poorly differentiated thyroid
carcinomas. At variance with undifferentiated carcin-
omas, immunoreactivity for p53 in these tumours
usually involved only a small percentage of neoplastic
cells.

Wright et al.® described the first case of a follicular
carcinoma with a p53 mutation. This tumour was the
only positive one out of a series of 129 negative tumours
and has given rise to the only available human follicular
carcinoma cell line we are aware of’. This cell line,
which also has the p5 3 mutation of the primary tumour,
was established only after 132 unsuccessful attempts
with other differentiated follicular carcinomas, thus

Table 2. Summary of the results published to date on p5 3 expression in thyroid epithelial tumours

Methods (no. of cases)

Wyllie et al.*
Wright et al.*

Southern, Northern blots (36)
Immunochistochemistry, sequencing (129)

Tto et al.®
Nakamura et al.”
Yoshimoto et al.®
Dobashi et al.”
Donghi et al.’®
Fagin et al."*

[to et al.*?
Present series

PCR, sequencing (16)
PCR-RNAase PA (9)
PCR, SSCP (47)

Immunohistochemistry (126)
Immunohistochemistry, PCR, SSCP (52)

PCR. SSCP (85)

PCR-RFLP, sequencing (21)
[mmunchistochemistry (79)

Poorly
Benign  Papillary  Follicular differentiated Undifferentiated
lesions carcinoma carcinoma carcinoma carcinoma
150 12(0) 5(0) - 4 (0)
57(0) 28 (0) 24 (4) = 20007
- 10 (0) - — 6(83)t
- ~ - - 9(22)
22(0) 23(0) - 1(0) 1(0)F
16 (0) 63(11) 14 (14) 22(41) 11 (64)
- 33 (0) 4(0) 8(25) 7 (70)
31(0) 37 (0) 11(9) - 6(83)t
- 10 (0) 4(0) - 7(86)F
14 (0) 12 (0) 10 (20) 31 (16) 12 (83)

PCR, Polymerase chain reaction; RNAase PA, RNAase protection analysis; 85CP, single strand conformation polymorphism;

RFLP, restriction fragment length polymorphism.

* The figures refer to the number of cases. In parentheses is the percentage of positive cases.
1 Results of ceH lines are excluded,
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leading to the conclusion that p5 3 mutation(s) probably
confers on cells of differentiated thyroid carcinomas the
ability to grow in culture®,

Our finding of p53 positive nuclei in well-differentiated
follicular carcinomas together with the results of Wright
et al.® show that, at least in a number of cases, p53
mutations may precede the anaplastic transformation in
thyroid tumours, If one excludes the undifferentiated
carcinomas, the positive cases in our series were re-
stricted to widely invasive follicular carcinomas and
poorly differentiated carcinomas, thus reinforcing the
concept that mutations of p53 occur only in the most
aggressive groups of thyroid carcinomas®'®'2, It
remains to be shown if the presence of immunoreactive
cells in follicular carcinomas and poorly differentiated
carcinomas indicates an increased liability for anaplastic
transformation and is therefore a prognostic indicator in
routine diagnosis. The number of cases of follicular
carcinoma is too small to allow a meaningful compar-
ison of the clinico-pathological features of positive and
negative cases. It should be noted, however, that the two
positive cases occurred in elderly patients (72 and
80 years) with widely invasive, clinically aggressive
follicular carcinomas.

The study of cases with two apparently independent
lesions, as well as the study of cases with sequential
biopsies from the same patients. did not provide enough
evidence to draw a definite conclusion on the prognostic
importance of the presence of p5 3 immunoreactivity in
differentiated and poorly differentiated carcinomas, des-
pite confirming the association between p53 immuno-
reactivity and the clinically aggressive forms of thyroid
carcinomas. The potential prognostic applications of p5 3
immunohistochemistry are hampered by the low preva-
lence of p53 immunoreactivity in follicular and poorly
differentiated carcinomas. This may change in the future
if a more sensitive way of detecting p353 mutations in
routine pathological specimens is found. In undifferen-
tiated carcinomas, the detection of p53 immunoreac-
tivity appears, from a practical standpoint, to be useless.
In fact, our cases displayed similar, very aggressive
clinico-pathological features, regardless of the presence
or absence of p53 immunoreactivity.
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Forty-six benign and malignant tumours and tumour-like lesions of the thyroid were analysed for
microsatellite instability (MI) at eight loci, mapping to four different chromosomes, 7 lesions (15%)
displayed MI at one or more loci, including 2/13 nodular goitres, 2/15 follicular adenomas, 2/12
papillary carcinomas and 1/4 follicular carcinomas. Two benign and one malignant lesion among
the seven unstable cases exhibited this phenotype at three or more loci. We found no mutations in
the mismatch repair gene, AMSH2, in the seven affected cases, after screening all the exons by
CDGE mutation analysis. At variance with the data on record, these results indicate that, despite
being relatively infrequent, MI does occur not only in thyroid carcinomas but also in benign lesions

(goitres and follicular adenomas of the thyroid). «
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INTRODUCTION

MICROSATELLITE INSTABILITY (MI) is a genetic phenomenon
manifested by shifts in the electrophoretic mobility of micro-
satellite repeat fragments. Mutations (generally small del-
ctions or insertions) occurring during replication remain
unrepaired and result in novel alleles. MI was first reported
in sporadic and hereditary non-polyposis colorectal carci-
noma (HNPCC) [1-3] and thereafter associated with inacti-
vating mutations in the human DNA mismatch repair genes
RMSH2, hMLHI, hPMS! and hPMS2 [4-8]. It was further
shown thart cells harbouring such mutations were mismatch
repair deficient and hypermutable [9, 10].

The prevalence of MI varies greatly in HNPCC-related
sporadic carcinomas (colon, stomach, pancreas, ovary and
endometrium) [1-3, 11-17], as well as in other types of
tumours such as breast, lung and prostate carcinomas [12,
14, 18-22]. There also appears to be large variation in the
prevalence of MI in precancerous lesions of different organs
[23-26], thus leading to divergent assumptions on the tim-
ing of occurrence of this tvpe of genomic instability in
tumorigenesis [24, 26, 27].
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1996.
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A limited number of thyroid carcinomas have been ana-
lysed for MI. Nine tumours reported by Vermiglio and as-
sociates did not exhibit MI, whereas thyroid carcinomas
from 3 patients with multiple primary cancers did show this
phenotype [29]. In addition, MI has not been reported, to
the best of our knowledge, in any other benign or malignant
endocrine tumour. In order to evaluate further this phenom-
enon in the thyroid, 46 lesions were analysed for instability
at eight microsatellite loci.

MATERIALS AND METHODS
Tumour samples (n = 46)

In each case, fresh tissue samples from thyroid nodules
were immediately snap frozen in liquid nitrogen and stored
at —70 C untl use. When available, DNA from normal
parenchyma adjacent to the lesions (n= 18) was used as a
constitutional control, otherwise, we used corresponding

peripheral blood DNA (n=28). High-molecular-weight
DNA was isolated wusing standard methods [30].
Classification of the lesions was made according to

Hedinger and associates [31] and Rosai and associates [32]
into nodular goitre (n=13), follicular adenoma (n=13),
papillary carcinoma (n=12), follicular carcinoma (n=4)
and poorly differentiated carcinoma (n =2). There was no
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Table 1. Thyroid lesions with microsarellize instability

Microsatellite markers

Cases Lesion D18196 D15103 D5S5346 D25102 CTLA4 D5882 D165265 Number*®
1 NG - - - = = MI = 1/8
2 NG MI - - MI - MI - 3/8
% FA MI MI MI Ml - - = 4/8
4 FA - - = - - MI - 1/8
5 PC - - - - - MI = 1/8
6 PC MI MI MI ND MI MI MI 6/7
T FC - - - - - MI = 1/8

*Loci with microsatellite instabiliry/loci analysed.

NG, nodular goitre; FA, follicular adenoma; PC, papillary carcinoma; FC, follicular carcinoma; MI, microsatellite instability; ND, not
determined; -, normal homozygote or heterozygote and unchanged in tumours.

history of familial cancer syndromes or multiple primary
cancers in any of the 46 patients.

Microsarellite marker analys:s

Paired samples of tumour and normal control DNA were
amplified by PCR (polymerase chain reaction) at the following
eight loci containing dinucleotide repeat sequences
(chromosomal location in parentheses): D1S103 (lq),
D18S196 (lq), D25102 (2q), CTLA4 (2q), D5S346 (5q),
D5882 (5q), D168265 (16q) and D16S301 (16q). PCR was
performed in 25 pl volumes of a mixture containing 10 mM
Tris-HCI (pH 8.0), 50 mM of KCI, 1.5 mM MgCl,, 100 pM
of each deoxynucleotide triphosphate except dCTP, 10 uM of
dCTP, 1 uCi of [2-*P]dCTP, 0.4 uM of each primer, 0.75
units of Tag DNA polymerase, and 30-30 ng of genomic
DNA. Thirty cycles of 94°C for 1 min, 55 C for 1 min, and
72°C for 1.75 min were performed, with an initial denatura-
tion step of 94"C for 5 min and a final extension step of 72°C
for 10 min using a Perkin-Elmer 9600 GeneAmp PCR
System. PCR reaction products were diluted 1:1 with a load-
ing buffer (98% formamide, 0.1% xylene cyanol FF, 0.1%
bromophenol blue, and 10 mM EDTA [pH 8.0]} and then de-
natured for 5 min at 95°C. Subsequently, 2 pl of this solution
were electrophoresed in 6% polyacrylamide gels containing 7
M urea and 32.5% formamide for 2-3 h at 60 W. After electro-
phoresis, gels were fixed in 10% acetic acid, washed, dried and
exposed to X-ray field for 12-24 h. All scorings were made
independently by two observers. According to Thibodeau and
associates [3], genetic alterations involving the gain or loss of
two or more repeat units are classified as Type 1 and alterations
of one repeat unit as Type I1. Eight loci were analysed per case
and, for the sake of simplicity, a tumour was considered posi-
tive (MI} when at least one locus displayed a different mobility
band. This option does not mean we belittle the existence of
aetiopathogenic differences between cases with single-repeat
slippage at just one locus and cases with slippage at several
loci. Such differences are taken into account in the comparison
of the different groups (see Results and Table 1). All RER"
lnci were confirmed by a new PCR and electrophoretic run.

hMSH2 wmutation analysis

All 16 exons of hMSH2 were screened for mutations
using constant denaturant gel electrophoresis (CDGE) [33].
The separation principle of CDGE is based on the unique
melting behaviour of each DNA fragment. The detailed
procedure for such analysis of AMSH2 has been recently
published [34]. Briefly, theoretical melting profiles were cal-

culated for all cxons, followed by primer design using
MacMelt 1.0 (MedProbe A/S) and OLIGO (National
Biosciences) computer programs. Template DNAs were
amplified by PCR, and the products separated by CDGE
(D-GENE system, BioRad). If a mutation is indicated by
CDGE, sequencing of the affected exen will identify the
exact positton of the changed base(s). By using the con-
ditions described by Berresen and associates [34], it was
estimated that approximately 65% of all murations will be
detected within the analysed fragments.

RESULTS

The results are summarised in Tables 1 and 2. Seven of the
46 thyroid lesions displayed MI at one or more loci (Table 1).
Among these, there were two nodular goitres and two follicu-
lar adenomas, thus leading to an overall MI prevalence of
14.3% in the 28 benign lesions (Table 2). Two papillary car-
cinomas and a follicular carcinoma displayed MI, thus lead-
ing to a MI prevalence of 16.7% in the 18 carcinomas.

Three out of the seven lesions displayed MI at three or
more loci {a nodular goitre (Figure 1)), a follicular adenoma
and a papillary carcinoma (Figure 2), whereas the remaining
four lesions showed MI at a single locus (T'able 1).

Cases 1, 4 and 7, with MI at a single locus, displayed
Type II alterations, whereas case 3, also with one altered
locus, displaved a Type I alteration (see Materials and
Methods). Cases 2 and 3, with three and four unstable laci
respectively, displayed both Type I and Type II alterations.
Case 6 displayed Type I alterations at all affected loci.

Both papillary carcinomas with MI displayed discrete to
moderate lymphoid infiltration which could also be observed
in most of the papillary carcinomas without MI.
Comparison of the histological features of other lesions with
MI with those of their non-unstable counterparts did not
disclose any notable difference.

Among the seven microsatellite unstable tumours, no
aberrantly migrating bands were observed by CDGE of the
16 AMSH?2 exons, and thereby no mutations were indicated.

Table 2. Frequency of microsatellire instabiliry in thyreid lesions

Diagnosis () M1z | Jocus MI 2 3 loc
Nodular goirre (13) 2(15.4%) 1 (7.6%)
Follicular adenoma [15) 2 (13.3%) 1 (6.6%)
Papillary carcinoma (12) 2(16.7%) 1 (8.3%)
Follicular carcinoma (4) 1 (25.0%) 0 (0%
Poorly differentiated carcinoma (2) 0 (0% 0 (0%)
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Figure 1. Case 2: This nodular goitre displayed MI at three

loci. Haematoxylin and eosin, Inset: PCR amplification of

locus D5S82 showing Type Il alteration (left lane, normal
thyroid; right lane, goitre), Magnification x125.

Loss of heterozygosity was found at D15103 and D1S1961n
a follicular adenoma and a follicular carcinoma, respectively.

DISCUSSION

Two of the three microsatellite unstable carcinomas were
only affected at one out of eight loci, implying that these
two cases could have been scored as negative if fewer loci
had been analysed. Therefore, the absence of MI in thyroid
carcinomas reported by Vermiglio and associates [28] prob-
ably reflects the limited number of analysed markers and
the small size of their senes.

The three thyroid carcinomas with MI reported by Horii
and associates [29] were observed in a series of patients
with multiple primary cancers, and are thereby not directly
comparable to those of our series. The tumours of the
present study were from patients with no history of familial
cancer nor evidence of other primary cancers. Taking our
results together with those of Vermiglio and associates [28],
one may conclude that the prevalence of MI in thyroid car-
cinomas, outside the context of multiple primary cancers,
lies below the values reported for HNPCC-related sporadic
carcinomas [1-3, 11, 12, 14, 16, 17].

The discrepant prevalences of MI in thyroid carcinomas,
prostatic carcinomas (18, 19], and breast carcinomas [20,
21], rules out the possibility of establishing a close relation-

Figure 2. Case 6: This papillary carcinoma displayed MI at

six loci. Haematoxylin and eosin. Inset: PCR amplification of

locus CTLA4 showing Type I alteration (left lane, normal thyr-
oid; right lane, papillary carcinoma). Magnification x125.
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ship between hormone-dependent tumours in general and
prevalence of ML

MI has been detected in lesions of ulcerauve colius,
regardless of the presence of dysplasia [35]; Brentnall and
associares proposed that MI in this setting could result from
saturation of the DNA repair mechanisms due to the stress
of chronic inflammation. It is unlikely that such a mechan-
ism is operative in the unstable tumours of the present
series, namely in the goitre cases, since none of them dis-
plaved signs of inflammarion. The occurrence of MI at one
or few loci may also represent a random event [36]. This
possibility cannot be definitely ruled out especially in those
cases exhibiting single locus alterations. The same does not
hold true, however, for thyroid lesions with instability at
multiple loci—as many as six out of seven unstable loci
were observed in one of our cases. We do not know if the
use of tri- and tetranucleonde markers would lead to a
higher number of altered loci in thyroid tumours, since it is
known that different patterns of alterations of short tandem
repeats are found in different types of tumours [20, 37-39].

The finding of a subset of benign thyroid tumours and
tumour-like lesions displaying MI at several loci suggests
that MI can be an early event in thyroid tumorigenesis, thus
fitting well with Loeb’s hypothesis [40] and with the obser-
vation of MI in some precancerous dysplasias of the
stomach [24], adenomas and/or dysplasias of the colon [25-
27], and Barrer’s metaplasia of the oesophagus [23].
Moreover, the occurrence of MI at several loci in a nodular
goitre fits with the concept that at least some of the nodules
of the so-called adenomatous goitres appear to be neoplastic
rather than hyperplastic [41].

We found a similar prevalence of MI 1n benign lesions
and carcinomas of the thyroid, both when the comparison
concerns the cases with affected loci, regardless of their
number, and when it is restricted to cases with several
affected loci, but a larger series is necessary to confirm this
finding, which contrasts with the usually much lower fre-
quency of MI in benign lesions than in rtheir malignant
counterparts in several organs [23, 24, 26]. In colorectal
tumours, the majority of unstable adenomas are affected at
a single locus, whereas more than half of the unstable carci-
nomas show novel alleles at several loci [13, 26], suggesting
that these changes accumulate during tumour growth.

We cannot rule out the purative involvement of DNA poly-
merases at least in the cases presenting alterations at a single
locus, since it has been reported that mutations of DNA poly-
merases may interfere with poly(GT) tract stability [42],
whereas the occurrence of MI at multiple loci suggests the
existence of abnormalities of DNA mismatch repair genes
(42, 43). Six of seven tumours showed novel alleles at the
D5S82 locus, suggesting that this locus is highly unstable.

The mismatch repair gene hMSH2 is apparently not
murtated in any of the microsatellite unstable cases of our
series. This may reflect the fact that thyroid carcinoma is
not part of HNPCC; the size of the series is, however, too
small to allow any definitive conclusion on this issue and it
1s estimated that only approximately 65% of all mutations
of hMSH2 will be detected within the analysed fragments
under the conditions we have used [34]. Additional tumours
need to be collected for MI in order to study further
AMSH2 and to search for mutations in other DNA
mismatch repair genes to see if we can find in thyroid
pathology, as in other systems, a relationship between MI
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E-CADHERIN GENE ALTERATIONS ARE RARE EVENTS

IN THYROID TUMORS
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Reduced expression of E-cadherin has been associated with
loss of differentiation and/or increased invasiveness and meta-
static ability in several types of neoplasms. Rare studies on
thyroid tumors have shown minimal or absent expression in
undifferentiated carcinomas and a variable degree ofimmuno-
reactivity/mRNA expression in follicular and papillary carcino-
mas. We studied immunchistochemically 2 follicular adeno-
mas, 8 follicular carcinomas, |18 papillary carcinomas and 3
poorly differentiated carcinomas to evaluate E-cadherin ex-
pression. In 7 papillary carcinomas, lymph node metastases
were also studied. The E-cadherin gene was analysed in 27
tumors by PCR/SSCP followed, whenever appropriate, by
DNA sequencing. LOH at the E-cadherin locus was assessed in
16 tumors. Reduced and heterogeneous expression of E-
cadherin was found in primary and metastatic papillary
carcinomas, whereas follicular carcinomas showed moderate
to strong homogeneous immunoreactivity, and poorly differ-
entiated carcinomas showed no or very faint immunoreactiv-
ity. The only case harbouring a (missense type) mutation of
the E-cadherin gene was a papillary carcinoma exhibiting
immunoreactivity in the primary tumor as well as in metasta-
sis. LOH was found in a follicular adenoma and in a poorly
differentiated carcinoma without evidence of mutation in the
remaining allele. Our results show that irreversible alter-
ations (allele loss or mutation) of the E-cadherin gene are
infrequent in thyroid tumors. The reduced and heteroge-
neous expression of E-cadherin in thyroid carcinomas, particu-
larly of the papillary histotype, appears to reflect transcrip-
tional regulation or post-transcriptional modulation rather
than structural abnormalities. Int. J. Cancer, 70:32-38, 1997.
© (997 Wilev-Liss, Inc.

Cadherins, the Ca**-dependent cell adhesion family of mol-
ecules, are key molecules n the cell junctional complexes (Gum-
biner et al., 1988). They mediate specific cell-cell association by
homophilic interactions (Kemler, 1993). The cadherins are trans-
membrane glycoproteins presenting in the extracelular domain a
characteristic tandem repeated sequence (“cadherin domains™)
which confers adhesive specificity (Shapiro er al, 1995). The
function of cadherins also depends on their cytoplasmatic binding
domain which connects them with the cytoskeleton via complexes
with catenins (Kemler, 1993).

Reduction and/or loss of expression of E-cadherin have been
observed in several types of carcinomas (Shiozaki er af, 1991;
Brabant er al., 1993; Sorscher er al, 1995). These changes are
particularly prominent in poorly differentiated, undifferentiated
and/or invasive tumors. Loss of expression of E-cadherin has been
associated with mutation of the E-cadherin gene and loss of
heterozygosity (LOH) in 16q22 in infiltrative lobular carcinomas of
the breast (Berx et al,, 1995). Becker er al. (1994) described a
gastric cardinoma presenting LOH with retention of a mutated
E-cadherin allele. These findings support a role of E-cadherin as a
tumor and/or invasion suppressor gene, as previously suggested by
in vitre observations (Vleminckx et al., 1991).

Expression of E-cadherin in normal thyroid and in a small series
of thyroid tumors was first described by Eidelman er al. (1989).
Brabant e al. (1993) studied a larger series of thyroid tumors and
found minimal or absent expression in undifferentiated carcinomas,
in contrast with a variable degree of immunoreactivity/mRNA
expression in the differentiated histotypes. Brabant er al. (1993)

concluded that loss of gene expression and/or defective post-
transcriptional control of E-cadherin appear to be restricted to
undifferentiated and metastatic thyroid tumors.

To find out whether the variable expression of E-cadherin in
differentiated malignant thyroid tumors may be related to irrevers-
ible abnormalities in the E-cadherin gene. we undertook the
present immunohistochemical and molecular biology study of
E-cadherin in several types of thyroid lesions.

MATERIAL AND METHODS

Tumor specimeny

Thirty-one thyroid tumors were retrieved from the files of the
Unit of Molecular Pathology of IPATIMUP. The classification of
the lesions was made according to Hedinger er ai. (1988) in
follicular adenoma (n = 2), follicular carcinoma (n = 8), papillary
carcinoma (n = 18) and poorly differentiated carcinoma (n = 3) in
sections stained with haecmatoxylin and eosin. In 7 of the cases of
papillary carcinoma. lymph node metastases were also studied: in
the remaining 11 cases of papillary carcinoma no involvement of
the regional lymph nodes was noticed at surgery. Seven of the
follicular carcinomas were of the minimally invasive type (1
composed of Hiirthle cells). and the remaining tumor was a widely
mvasive follicular carcinoma. The histologic subtypes of the 18
papillary carcinomas as follows: common type. 13 cases (I
displaying Hiirthle cell features); follicular variant, 3 cases; micro-
papillary carcinoma, 1 case, and diffuse sclerosing variant. 1 case.
Foct of squamous metaplasia were observed in 3 papillary carcino-
mas. In 23 cases, adjacent normal-looking thyroid parenchyma
could be identified and was therefore used as an internal control. In
the remaining 8 cases the adjacent parenchyma displayed lympho-
cytic thyroiditis (5 cases) and nodular goitre (3 cases, 2 of which
alsa displayed papillary hyperplasia).

Immunohistochentisiry

Immunostaining of E-cadherin was performed using the avidin-
biatin-peroxidase (ABC) complex as described by Holm er al.
(1985) with an additional step for microwave antigen retrieval.
Sections (5 pm) were cut and mounted on gelatin-coated slides.
Antigen retrieval was done by microwave treatment 5 X 1.5 min at
750 W in a 0.1% detergent solution (Hazelbag er al., 1995). After
cooling (20 min at room temperature), the sections were immersed
in 0.3% hydrogen peroxide (H,0;) in methanol to block endog-
enous peroxidase activity. Non-specific staining was eliminated by
20 min of incubation with normal rabbit serum. Excess normal
serum was removed, replaced by the anti-human E-cadherin

Contract grant sponsor: Praxis XXI: contract grant number: 212.1/BIA/
100/94

*Caorrespondence 1o the IPATIMUP, Department of Pathology, Medical
Faculty of Porto, Hospital §. Jodo, P-4200 Porto, Portugal, Fax: 351 2
5503940,

Received 4 July 1996; revised 11 September 1996,



E-CADHERIN IN THYROID TUMORS 33

antibody diluted 1:300 (HECD-1, Zymed, San Francisco, CA) and
incubated overnight at 4°C. After washing the slides, sections were
incubated with a 1:200 dilution of biotin-labelled secondary
antibody followed by ABC complex (avidin 1:100 and biotin-
labelled peroxidase 1:100; Dako, Glostrup, Denmark) for 30 min
each. Subsequently, sections were stained for 7 min with 0.05%
3,3-diaminobenzidine tetrahydrochloride, 0.01% H 50, in 0.05 M
Tris/HCI buffer, pH 7.6, counterstained with hematoxylin, dehy-
drated and mounted. Normal serum was diluted in 25% BSA in
TBS, and primary antibodies, biotinylated secondary antibodies
and ABC were diluted in 12.5% BSA in TBS.

Seven cases of papillary carcinoma presenting heierogeneous
immunoreactivity for E-cadherin were selected for a systematic
immunohistochemical study using serial sections. Antisera for
thyroglobulin (1/1,000), cytokeratins (AE1/AE3, 1/50 and CAM
5.2, 1/10), vimentin (1/80), Tn antigen (5F4, 1/15), sialosyl-Tn
antigen (3F1, 1/8), T antigen (3C9 1/10, without and after
neuraminidase treatment) and MIB-1 (1/100) were investigated.
Positive controls were included in all series for all the antibodies
used. As negative controls, immunoglobulins of the same sub-
classes and in the same protein concentrations as the primary
specific antibodies were used.

The results were scored semi-quantitatively by percentage of
immunopositive cells and intensity of staining (0, absent; 0/+, very
faint stain; +, faint; ++, moderate; and + + +, strong staining).
Localization of the staining (membranous and/or cytoplasmatic)
was also evaluated in every case.

Analysis of the E-cadherin gene by PCR/SSCP

High m.w. DNA was extracted according to a standard procedure
(Mullenbach er al., 1989) from 27 cases. (Frozen material from 4
papillary carcinomas was not available.) PCR reactions were
performed in 25 ul volumes of a mixture containing: 2.5 pl of 10
Taq polymerase buffer, 200 uM of each deoxynucleotide triphos-
phate except dCTP, 20 uM of dCTP, 0.5 uCi of [a-P] dCTP, 2-3
mM MgCl,, 25 pmol of each primer and 250 ng of genomic DNA.
Mineral oil overlaid the PCR reaction. After a denaturation step for
2 min at 95°C, Taq polymerase (0.2 U) was added through the oil of
each tube at 80°C. Thirty-five cyeles of 30 sec at 94°C, 30 sec at the
appropriate annealing temperature and 45 sec at 72°C were
performed with a final extension step of 72°C for 10 min on a
thermal cycler. The sequence of the primers used for each exon of
the E-cadherin gene, the annealing temperatures, the MgCl,
concentrations and the specific conditions were as previously
described (Berx et al., 1995). PCR reaction products were diluted
1:1 with a loading buffer (95% formamide, 0.05% bromophenol
blue and 0.05% xylene cyanol) and denaturated at 99°C for 2 min.
Electrophoresis of 2 pl of the denaturated PCR products was
carried out in non-denaturing gels (5% acrylamide with 2%
cross-linking), either without glycerol (8°C} or with 5% glycerol
(20°C), and run at 3 W overnight in 0.5>< TBE running buffer. The
gels were blotted onto 3MM Whatman paper, dried for 30 min on a
vacuum gel dryer and exposed to Hyperfilm (Amersham, Ayles-
bury, UK) overnight at room temperature.

Sequencing

The bands presenting mobility shifts as well as the correspond-
ing standard bands were excised from the paper, eluted in 150 pl
water by incubating for 30 min at 65°C and then kept for 15 min at
—=70°C (this procedure was performed 3 times). Ten microliters of
this solution were used for reamplification as described above, but
under non-radioactive conditions. Five microliters of the PCR
products were subsequently subjected to enzymatic treatment (1 U
exonuclease and 1 U shrimp alkaline phosphatase) to destroy the
residual primers and nucleotides (Sequenase PCR Product Sequenc-

ing Kit. Amersham). Sequenase 2.0 (USB, Cleveland, OH) was
used to determine the sequence of hoth strands, using either one of
the original PCR primers.

Loss of heterozygosity

The LOH study was done on 16 tumor samples (2 follicular
adenomas, 3 follicular carcinomas, 9 papillary carcinomas and 2
poorly differentiated carcinomas) and on matched constitutional DNA.
Two microsatellite markers were used, D16S265 and D16S301 (Human
Gene Mapping kit, ISOGEN, Amsterdam, Netherlands), and the PCR
procedures were done according to the manufacturer’s indications. The
annealing temperature for both markers was 58°C. After PCR, the
products were run in a 6% denaturating gel, and exposed to
Hyperfilm (Amersham} overnight at room temperature.

RESULTS
Immunohistochemisiry

The immunohistochemical results are summarized in Tables [
and I1.

TABLE I - E-CADHERIN IMMUNOHISTOCHEMICAL EXPRESSION IN THYROID
TUMORS'

Immunohistochemistry

Case Lesion Sexifen Approx.
60 Membrane Cytoplasm percentage

of cells
| FA F/25 A O 100
2 FA F/35 ++ +-+ 100
3 PC.FV Fr45 ++ 0 80
4 PC Fr49 ND? ND ND
5 PO F/42 0/+ + 100
3 Met o'+ + 100
6 PC F/40 0/ + ++ 80
7 PC F/32 ++ 0 100
8 PC, DSV F/40 + + 100
] Mel + o/+ 100
9 PC.FV Fr33 +++ ++ 70
10 PC F/36 + Q 80
10 Met + 4] <30
11 PC Fr41 ++ + 80
12 PC Fi59 + ++ 100
13 mPC F/50 + 0/+ 80
14 PC,FV F/27 + a/+ 100
15 PC Fr46 + ++ 70
16 PC F/22 + ++ 70
17 PC F/35 = o+ 70
17 Met + 0+ 70
18 PC F138 +++ 0/ + 80
18 Met 07+ 0/+ 50
19 pC F/13 0/+ + 40
19 Met 07+ <40
20 PC M/66 i 0/+ 80
20 Met 4 0/+ 70
21 FC F/54 +++ 0 100
22 FCH F/69 A + % 100
23 FC F/56 ++ + 80
24 FC F/36 ++ + 100
ZS FC F/29 +++ 0 100
26 EC Fi57 +++ + 100
27 FC F/34 ik 1] 100
28 FC F/39 +++ 0/+ 100
29 PDC M/81 0 &+ 100
30 PDC F/68 0/+ 0/+ 100
31 PDC Fi32 0 0/+ 100

'FA, follicular adenoma; FC, follicular carcinoma; PC, papillary
carcinoma; PDC, poorly differentiated carcinoma; FCH, Hiirthle cell
follicular carcinoma; mPC, micropapillary carcinoma; FV, follicular
variant of papillary carcinoma, DSV, diffuse sclerosing variant of
papillary carcinoma; Met, mietastasis; ND, not determined.
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TABLE Il - SUMMARY OF THE IMMUNOHISTOCHEMICAL RESULTS FOR
E-CADHERIN IN THYROID TUMORS!

Tumer Menbrane Cytoplasm B
wpelnh o ow+ o+ s+ 4+ 4 B+ A b
FA (2) 2 1 P
PC (17) 3 9 3 2 3 6 3 3
FC (8) 3 5 I SR B
PDC(3) 2 1 2 1
Met (7) 3 4 L 5 1

'FA, follicular adenoma; FC. follicular carcinoma; PC, papillary
carcinoma; PDC, poorly differentiated carcinoma: Met, metastasis.—
*Adenoma with prominent papillary hyperplasia —‘One case was
excluded for technical reasons.~"Hiirthle cell carcinoma.

FiGURE 1 - Follicular carcinoma displaying strong membrane immu-
noreactivity (case 28). Scale bar = 25 um.

Normal thyroid Membrane immunoreactivity was observed in
the follicular cells of the normal parenchyma, being less intense in
flat cells lining large follicles than in cuboidal or tall cells lining
medium-sized or small follicles, The lateral border of the cells
presented more intense staining than the basal border, and the
unmunoreactivity in the apical border was faint or absent.

Goitre and lymphocytic thyroiditis. The pattern of immunoreac-
tivity in goitres, with or without papillary hyperplasia, was similar
to that of normal thyroid. The same holds true for lymphocylic
thyroiditts except for the more intense immunoreactivity of the
follicular cells that were present amidst the lymphoid infiltrates.

Follicular adenomas. The pattern of immunoreactivity in one of
the adenomas was similar to that of normal thyroid, whereas in the
adenoma which displayed papillary hyperplasia, cytoplasmatic
staining was observed in addition to membrane immunoreactivity.

Follicular carcinomas. Immunoreactivity was homogeneous
throughout the wmors, with moderate to strong (scores + + and
++4+) intensity. Staining was seen i the membrane around the
whole cells rather than being clearly palarized as in normal thyroid
and benign conditions (Fig, 1). Some cytoplasmatic staining was
observed in addition to membrane immunoreactivity.

Papiilary carcinomas. Immunoreactivity was generally less
intense in papillary carcinomas than in follicular carcinomas. Also
at variance with follicular carcinomas, immunoreactivity for E-
cadherin was clearly heterogeneous in papillary carcinomas, fe.,
positive areas co-existed side by side with negative areas (Fig. 2).
As in follicular carcinomas, the polarized expression of E-cadherin
was partly lost. Cytoplasmic staining predominated in cases
exhibiting a pure papillary pattern (Fig. 3), whereas in ¢
presenting a follicular pattern membrane staining was more
imtense.

FiGure 2 — Papillary carcinoma presenting heterogeneous immuno-
reactivity (case 10), Scale bar = 35 um.

E_ =

FiGURE 3 - Strong cywplasmatic staining in a papillary carcinoma
(case 12). Scale bar = 17 pm.

Comparison of results obtained m primary tumors with their
respective metastases vielded similar staining scores in 6 cases. In
the remaining case (case 18), the metastasis displayed decreased
mtensity of staining, Comparison of the papillary carcinomas
which had lymph node involvement with those in which there was
no apparent metastatic involvement did not disclose any major
difference in intensity ol immunoreactivity and percentage of
immunoreactive cells.

No consistent correlation was observed between heterogeneity
of E-cadherin immunoreactivity in some papillary carcinomas and
other immunefistochemical markers except for cytokeratin CAM
5.2 which showed a pattern of immunoreactivity simlar to that of
E-cadherin: foct displaying more intense immunoreactivity for
E-cadherin also displayed more intense immunoreactivity for
cylokeratins.,

Poarly differentiared carcinomas. Two of the 3 poorly differenti-
ated carcinemas showed a (very) faint immunoreactivity. In the
remaining strong membrane positivity was seen in the
well-differentated areas of the co-existing follicular carcinoma,
whereas the less differentiated, solid areas presented a (very) faint
immunoreactivity (Fig. 4).

SSCP/Sequencing

The 16 exons of the E-cadherin gene were analysed by
PCR/SSCP in 27 cases. Gene polymorphisms were detected in a
papillary carcinoma (case 5: n = 1) and a follicular carcinoma
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FIGURE 4 - Poorly differentiated carcinoma displaying membrane
staining in the neoplastic cells that invaded a large vessel (case 30).
Inset: Higher magnification of the neoplastic cluster within the vessel.
Scale bar = 35 um (magnification of the inset is twice as great).

{case 25; n = 2) (Table 11). In a diffuse sclerosing variant of
papillary carcinoma (case 8) there was a mobility shift in the
product of amplicon 12 which was restricted to the tumor (not
present in the corresponding constitutional control); on DNA
sequencing, this shift could be attributed to a missense mutation in
codon 392, leading to a non-conservative amino acid change of
Alanine-Threonine (Fig. 5, Table IIT). The E-cadherin staining
pattern of this case did not differ from those of the other papillary
carcinomas of the series: there was no polarized expression of
E-cadherin, and the staining was both cytoplasmatic and membra-
nous (Fig. 6).

Loss of heterozygosiry

Two of the 16 cases analysed were not informative for the
markers used in the study. One follicular adenoma (case 2) and a
poorly differentiated carcinoma (case 29) showed LOH for D165301
and D168265, respectively (Table III). All the other cases were
informative for at least one of the markers. and no evidence of LOH
was detected.

DISCUSSION

In agreement with previously reported data (Eidelman er al.,
1989: Brabant ez al, 1993), we observed expression of E-cadherin
in normal follicular cells, the tall cells showing a more clear-cut
membranous staining than the fat cells lining large follicles. The
tumor-like lesions and one of the adenomas reacted like the normal
thyroid tissues.

Distinct patierns of reactivity were found in the 2 differentiated
carcinoma types: follicular carcinomas presented a moderate to
strong membranous immunoreactivity in every neoplastic cell,
whereas in papillary carcinomas the immunoreactivity was compar-
atively less intense and negative areas were frequently observed.
Moreover, in pure papillary areas the cytoplasmatic staining
appeared to be more intense than in areas with follicular structure.
This result confirms those of Eidelman et al. (1989), who found
that non-polarized expression of cell-CAM 120/80 (identical to
E-cadherin) was not only observed in undifferentiated carcinomas,
but also in cells arranged into distinct histologic structures (cords,
papillae, or gland-like formations).

The low and heterogeneous expression of E-cadherin in papil-
lary carcinomas confirms the results of Brabant e al. (1993}, who

observed a reduction of E-cadherin mRNA in a majority of
papillary carcinomas, in comparison with normal thyroid, and a
strong intercellular variation of immunofluorescence in most of the
papillary carcinomas of their series.

We cannot rule out, on the other hand, a putative role for a
post-transcriptional mechanism(s). Indeed, our results fit conform
to the pericellular redistribution and cytoskeletal disconnection of
the E-cadherin-catenin complex observed in thyroid carcinomas
compared with the normal and adenomatous tissues described by
Serini er al. (1996), according to whom, the pericellular redistribu-
tion of E-cadherin (that we observed mostly in papillary carcino-
mas) might be due to decreased thyrosine phosphorylation of the
E-cadherin cytodomain.

In the 7 metastases of papillary carcinomas that we analysed,
E-cadherin expression was of the same intensity or only slightly
lower than in the respective primary tumors. Similar (or slightly
reduced) expression of E-cadherin in metastases and matched
primary tumors has been reported by others in different organs
(Shimoyama et al, 1989; Sorscher er al., 1995). The papillary
carcinomas in our series that presented metastases did not differ
significantly from those without apparent metastases. Our results
are thus in contrast to those of Brabant et el. (1993), who observed
lower or undetectable E-cadherin immunoreactivity in tumors
presenting lymph node metastases, distant metastases or local
recurrence. It remains to be seen whether there is any relationship
between the heterogeneous and relatively low level of expression
of E-cadherin in most papillary carcinomas and their well-known
tendency toward local invasiveness and lymphatic dissemination.

In follicular carcinomas immunoreactivity was moderate to
strong and homogeneous throughout the tumors. These results are
in accordance with the results obtained at the mRNA level by
Brabant er al. (1993), who reported high levels of mRNA in
follicular carcinomas, but observed some discrepancies in the
results obtained by Northern and immunofluorescence methods.

The only case harbouring a mutation of the E-cadherin gene was
a papillary carcinoma displaying immunoreactivity in the primary
tumor as well as in the lymph node metastasis. Becker ez al. (1994)
also detected, in a series of gastric carcinomas, immunoreactivity
in tumors presenting alterations at the DNA level. The missense
mutation present in case 8 led to the substitution of an amino acid
residue that apparently did not interfere with expression of the
recognition site of the HECD-1 antibody. In this case, the pattern of
E-cadherin immunoreactivity (cytoplasmic and membrane staining
without polarization) did not differ from that observed in other
papillary carcinomas.

Our results show that both LOH and mutations at the E-cadherin
locus are rare in well-differentiated thyroid carcinomas, thus
leading to the conclusion that the peculiar downregulated expres-
sion of E-cadherin seen in papillary carcinomas cannot be ascribed
to any of these events.

Our data on peorly differentiated carcinomas, although quite
limited, confirm a reduction or absence of E~cadherin expression in
poorly differentiated tumors, as reported by several authors in
systems other than thyroid (Shiozaki et al, 1991; Brabant er al.,
1993; Sorscher er al., 1995). In one case of poorly differentiated
carcinoma negative for E-cadherin immunoreactivity, LOH was
detected, but without evidence of mutation using SSCP. Reduction
of gene dosage due to allelic loss could result in reduced gene
expression, as suggested by Umbas et al. (1992). The number of
poorly differentiated carcinomas analysed in our series is too small
to allow a valid evaluation of the general occurrence of LOH and/or
mutations at the E-cadherin locus in these tumors. Furthermore, the
poorly differentiated carcinoma with LOH accurred in an elderly
patient and may well merely be secondary in neoplastic develop-
ment. Regardless of the mechanism(s) underlying the loss of
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FIGURE 5 — Sequence analysis of a tumor-restricted abnormally shifted PCR/SSCP band identified in case 8. Samples with the normal sequence

were loaded in lanes 1 and 3. Arrowhead points at the murated nucleotide.
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FIGURE 6 — Cytoplasmatic and membrane staining in the diffuse
sclerosing variant of papillary carcinoma that harboured the missense
mutation depicted in Figure 5 (case 8). Scale bar = 16 uym.

E-cadherin expression in poorly differentiated and undifferentiated
tumors of the thyroid or of other organs, a common relationship
among the following features becomes apparent: reduged E-
cadherin expression, reduced differentiation and increased aggres-
siveness of the tumors. The finding of foci of poorly differentiated
carcinoma with extremely reduced E-cadherin expression on a
background of follicular carcinoma displaying fairly intense immu-

TABLE LT E-CADHERIN GENE ALTERATIONS AND LOH RESULTS!

Case Lesion R s
r’,‘;‘: D‘:;‘: Exan  Codon Change
2 FA = LOH —
5 PC ND ND 9 404 CCC — CCG
Pro — Pro
8 PC + - 12 592 GCC— ACC
Ala — Thr
25 FC + + 12 632  CAC — CAT
Hist — Hist
16 878  GGC — GGT
Gly — Gly
29 PDC  LOH = —
'LOH. loss of heterozygosity; +. informative: —, not informative;

FA, follicular adenoma; FC. follicular carcinoma; PC, papillary
carcinoma: PDC, poorly differentiated carcinoma; ND, not done.

noreactivity for E-cadherin (case 30) supports the existence of a
close link between differentiation and E-cadherin expression but
does not allow the establishment of a timing for the process of
dedifferentiation.

Treatment of an oesophageal cell line (TE-2R) with epidermal
growth factor (EGF) induces morphological changes in the cells,
with sparse colonies and invasive behaviour in organotypic raft
culture (Shiozaki ef al., 1995). These changes are accompanied by
a change in the localisation of E-cadherin from the cell borders to
the whole cell surface. Shiozaki et al. (1995) also reported tyrosine
phosphorylation of B-catenin (which suppresses cadherin function
in vitro) in cells treated with EGF and suggested that EGFR could
be the candidate kinase responsible for tyrosine phosphorylation of
[B-catenin and for consequent impairment of the E-cadherin cell-
cell adhesion system. Thyroid cell lines derived from papillary and
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follicular carcinomas show enhanced migration and invasion after
treatment with EGF, while the umorigenic capacity of a papillary
cell line became higher after weatment with EGF (Hoelting e al.,
1994). It has also been reported that transforming growth factor-u
(TGF-a), another ligand of the EGFR, induces a motile fibroblast-
like phenotype in vitro (Gavrilovic ef al., 1990). The co-expression
of EGFR and TGF-« in papillary carcinomas has been reported as
being compatible with the existence of an autocrine loop in these
tumors (Lemoine ef af., 1990; Haugen et al., 1993). Taken together,
these data suggest that heterogeneous and non-polarized expression
of E-cadherin in papillary carcinomas could be related to expres-
sion of EGFR/TGF-a. Furthermore, Akslen and Varhaug (1995)
found a significant association between cytoplasmic expression of
EGFR and extrathyroidal growth of the primary tumor, recurrence
and poor prognosis; it would be interesting to examine whether
these features may be related to E-cadherin down-regulation.

Other growth factors have been implicated in the regulation of
the expression of E-cadherin. The HGF/SF enhances dissociation
and motility of epithelial cells, and the corresponding receptor
(c-MET) has been found to be overexpressed in thyroid tumors (Di
Renzo er al., 1992). Marked scattering of cells of gastric cell lines
treated with HGF/SF was associated with reduction of the expres-
sion of P- and E-cadherin (Tannapfel er al., 1994). The regulation
of cell adhesion in these gastric cell lines is accomplished at the
protein level since no alteration at the mRNA level of cadherins has
been detected (Tannapfel e al., 1994).

Thyroid tumors overexpressing ¢-MET include mainly the
histotype variants that appear to be correlated with goarded

prognosis and frequently give rise to locally advanced disease
and/or distant metastases (Di Renzo et al, 1992). The enhanced
invasive potential and aggressive features of the tumors overexpress-
ing c-MET may also be related to down-regulation of E-cadherin,
but the exploitation of this hypothesis rests beyond the scope of the
present study.

In summary, our results show that irreversible alterations of the
L-cadherin gene are infrequent in thyroid carcinomas, thus support-
ing the assumption that the decreased and heterogeneous expres-
sion of E-cadherin in thyroid carcinomas, particularly in the
papillary histotype, reflects transcriptional regulation or post-
transcriptional modulation rather than structural abnormalities. We
suggest, furthermore, that such modulation depends on alterations
in the expression of growth factors/growth factor receptors. We can
not rule out, alternatively, a putative hypermethylation of the
E-cadherin promoter region with consequent silencing of the gene
(Yoshiura et al., 1995), a mechanism which has been reported in
tumors of other organs (Graff er al., 1995).
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SPORADIC ret-REARRANGED PAPILLARY
CARCINOMA OF THE THYROID: A SUBSET OF SLOW
GROWING, LESS AGGRESSIVE THYROID NEOPLASMS?

PAULA SOARES', ELSA FONSECA', DAVID WYNFORD-THOMAS? AND MANUEL SOBRINHO-SIMOES'*

"PATIMUP, Department of Pathology, Medical Faculty, University of Porto, Porte, Portugal
YCRC Thyroid Tumour Biology Rescarch Group, Depuartmrent of Pathology, University of Wales,
College of Medicine, Cardiff, UK.

SUMMARY

Despite the large amount of information accumulated on the role played by rer activation in the oncogenesis of papillary thyroid
carcinoma (PTC), the biological and clinical significance of such activation ‘in vive’ remains controversial. The aim of this study was to
address some of the existing controversies by comparing two groups of unselected PTCs, one with and the other without ret
rearrangement, with regard to several clinicopathological and biological features. Thirty-three PTCs were selected at random. rer
rearrangement was found in eight cases (24-2 per cent) using Southern blot analysis. The mean age of the patients with tumours
displaying rer rearrangement (28 = 3-1 years) was significantly lower than that of the patients harbouring cases that did not present
rearrangement (45 £ 2-9 years). The large majority of the tumours with rer rearrangement displayed a papillary or mixed
follicular—papillary pattern and very low proliferative activity. rer rearrangement correlated significantly with decreased cytoplasmic
expression of E-cadherin. No significant differences were found regarding the gender of the patients, tumour size, multicentricity,
extrathyroidal growth, vascular invasion, lymphocytic infiltration, lymph node involvement or the expression of E-cadherin (membrane),
c-erb-B2, c-met, Bel-2, and vimentin. It is proposed that sporadic PTCs harbouring a ret rearrangement occur frequently as slow
growing, papillary, or predominantly papillary tumours that do not usually progress towards less differentiated neoplasms representing

what might be described as a Bonsai phenotype. © 1998 John Wiley & Sons, Ltd.

J. Pathol. 184: 000-000, 1998.

KEY WORDSTHYROID, PAPILLARY CARCINOMA; ref oncogene; MIB-1; Ecadherin; c-erb-B2; ¢-met; Bel-2

INTRODUCTION

Papillary thyroid carcinoma (PTC) is the commonest
type of thyroid tumour, representing about 70 per cent
of all thyreid carcinomas.'-> PTCs usually carry a good
prognosis (90-95 per cent survival at 5 years), despite
often presenting lymph node metastases at diagnosis.'-?

In 1987, Fusco er al.,* using DNA transfection analy-
sis, reported a putative ‘new’ oncogene activated in
PTCs and their lymph node metastases. The same group
later reported that activation of the PTC oncogene
resulted from an intrachromosomal rearrangement of an
unknown amino-terminal sequence, named H4, to the
tyrosine kinase domain of the ret proto-oncogene.*
Two other rearrangements of rer were subsequently
identified in PTC: ret/PTC2, involving an Rla regulatory
subunit of protein kinase A localized in chromosome
17,56 and ret/PTC3, involving an intrachromosomal
rearrangement  with a  previously unknown gene
named RFG/ELE} > Recently, different types of rear-
rangement involving ELE! and rer were identified in
post-Chernobyl PTCs. 3%

The chimeric proteins encoded by the rearrangements
lead to the relocation of the ret tyrosine kinase

*Correspondence to: Manuel Sobrinho-Simbes, IPATIMUP, Med-
cal Faculty of Porto, P-4200 Porto, Portugal

Contract grant sponsor: INICT, Conlract grant number: PECS/C/
SAUM54/95

CCC 0123-3417/97/000000-00 $17.50
© 1997 by John Wiley & Sons, Lid.

domain from the membrane to the cytoplasm, display
an ‘in witro’ autophosphorylation activity, and are
constitutively phosphorylated on tyrosine. Their activa-
tion may be mediated by the formation of homo- and
heterodimers” mimicking activation by the physiological
ligand, glial-cell line-derived neurotrophic factor
(GDNF).10

Rearrangements of the rer proto-oncogene have only
been found ‘in vive' in thyroid gland tumours of the
papillary histotype,''='? thus representing a fascinating
example of organ and tumour specificity.

Despite the huge amount of information accumulated
on ret activation in PTC oncogenesis, the clinical impli-
cations remain controversial. Some groups have
reported a higher prevalence of ret activation in young
patients,'* whereas others have found gender to be a
more important factor than age."® Viglietto e al.'® and
Santoro et al'? reported a higher frequency of ret
activation in papillary microcarcinomas than in clini-
cally evident PTCs, whereas most reports do not address
this point. Finally, Mayr et al'’ suggested that res
activation does not confer an increased risk of
metastatic spread, in contrast to the data reported by
Jhiang er al'® and Sugg er al'® The picture is even
less clear concerning the putative relationship between
ret activation and biological and/or molecular features
of PTC, since most of the studies published to date
either ignore this issue or address it using a non-
systematic approach. Our aim was to address some of
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Table I—Companson of the two groups of PTCs (withsand without rer rearrangement) regarding the

clinicopathological data

Rearranged rer

Non-rearranged ret

8 n=25 P value
Gender (M:F) 1:7 1:3:2 NS
Mean age (years + SE) 281 (£3:1) 44-7(+£29) (P=0-005)
Tumour diameter (cm + SE) 33(£09) 33(+06) NS
Tumour proliferative activity (% + SE) 10 (£02) 16 (+£0-2) NS
(P=01)
Histological subtype
Predominantly papillary (n=22) 87-5% 60-0%
Follicular vanant (n=11) 12-5% 40-0% NS
(P=0-15)
Multicentricity 75-0% 59:1% NS
Extrathyroidal growth 25:0%, 24-0% NS
Vascular invasion 25:0% 24:0% NS
Lymphocytic infiltration
Absent 28:6% 17-4%,
Discrete Tlaw 36:5%
Moderate/abundant 0 200 1% NS
Lymph node involvement* 62-5% 36-0% NS
(P=0:19)

*Only enlarged lymph nodes were removed and histologically examined. Fourteen of the |5 cases with enlarged lymph

nodes had histologically confirmed metastatic deposits

these controversies by comparing two groups of unse-
lected PTCs one with and the other without rer rear-
rangement, with regard to several clinicopathological
and biological features.

MATERIALS AND METHODS

Tumour specimens

Frozen specimens and paraffin blocks from 33 PTCs
were retrieved from the files of the Unit of Molecular
Pathology of IPATIMUP. The 33 tumours were surgi-
cally removed from patients consecutively operated
upon in the Hospital S. Jodo from April 1990 to April
1994 (Table I). The classification of the lesions was made
according to Hedinger er al?° in sections stained with
haematoxylin and eosin. There were 26 women and
seven men. The mean age was 40-8 years (median 39
years; range: 13-77 years). Fifteen of the cases of
PTC presented with enlarged lymph nodes and were
therefore submitted to lymphadenectomy; in the remain-
ing 19 cases, no involvement of the regional lymph
nodes was noticed at surgery. The following pathologi-
cal features were recorded in every case: size (cm),
histological subtype, extrathyroidal growth, multi-
centricity (or intrathyroidal dissemination), vascular
invasion, and lymphocytic infiltration (absent; scarce/
moderate; abundant) (Table 1). Eleven cases were
exclusively or almost exclusively composed of follicles
(follicular variant of PTC), whereas the remaining 22
cases displayed either a pure papillary or a mixed
papillary—follicular pattern of growth. Follow-up
information was obtained in every case. Recurrences
were observed in two patients.

& 1998 John Wiley & Sons, Lid.

Southern blor analysis

High molecular weight DNA was isolated from frozen
samples of the 33 primary tumours and two lymph node
metastases using a standard salt method,?' after con-
firming the presence of neoplastic tissue in adjacent
sections. DNA was digested with EcoRI or HindIIT
endonuclease. The DNA fragments were separated by
0-7 per cent agarose gel electrophoresis and transferred
to nylon membranes by the Southern method. Filters
were hybridized with *?P-labelled DNA probe prepared
using a random primer kit. Two probes were used: a
1:8kb BamHI fragment of ret/PTCI* (probe 1),
which recognizes in normal DNA two EcoRI bands of 9
and 6:3kb corresponding to H4 and ret fragments,
respectively, and a |kb Bglll-BamHI fragment
specific for the 6:3kb EcoRI fragment of proto-res
(probe 2). Probe 2 is able to detect the region within the
ret gene where all the oncogenic rearrangements charac-
terized to date have been found.’® The filters were
washed and exposed to X-ray films at —70°C. The
probes did not identify gene polymorphisms with the
endonuclease enzymes used in the present study, as
ascertained by the study of 40 samples of blood donors
(data not shown).

Immunehistochemistry

Paraffin-embedded specimens were used in the
immunohistochemical study. Serial sections were
immunostained with monoclonal antibodies for Ki-67, a
human nuclear proliferation-associated antigen (MIB-1,
Immunotech), E-cadherin (HECD-1, Zymed), c-erb-B2
(NCL-CBI11, Novocastra), c-met (kindly provided by Dr
M. Pratt), Bel-2 (NCL-Bcl-2, Novocastra), and vimentin

JOURNAL OF PATHOLOGY, vOL. 184: 000-000 (1998)
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(Clone V9, Dako). Immunostaining was performed
using the avidin-biotin—peroxidase (ABC) complex as
described by Holm et al,?? with an additional step for
microwave antigen retrieval whenever appropnate.
Sections (5um) were cut and mounted on gelatin-
coated shdes. Antigen retrieval was carried out by
microwave treatment, 5 x -Smin at 750 W in a 0-1%
detergent solution?® for E-cadherin antibody, and
with citrate buffer (pH 6:0) for Bel-2 and MIB-1 anti-
bodies. For c¢-met and vimentin antibedies, no
pretreatment was required. After cooling (20 min at
room temperature), the sections were immersed in 0-3
per cent hydrogen peroxide (H,0,) in methanol to block
endogenous peroxidase activity. Non-specific staining
was eliminated by 20 min incubation with normal rabbit
serum. Excess normal serum was removed, replaced by
the specific monoclonal antibodies, and incubated
overnight at 4°C. After washing the slides, sections were
incubated

with a 1:200 dilution of biotin-labelled secondary anti-
body followed by ABC complex (avidin, 1:100 and
biotin-labelled peroxidase, 1:100) for 30 min each.
Subsequently, sections were stained for 7 min with
0-05 per cent 3,3-diaminobenzidine tetrahydrochloride.
0-01 per cent H,0, 1n 0-05 M Tris-HCI buffer (pH 7-6).
counterstained with haematoxylin, dehydrated and
mounted. Normal serum was diluted in 25 per cent
bovine serum albumin (BSA) and Tris-buftered saline
(TBS), and primary antibodies, biotinylated secondary
antibodies, and ABC were diluted in 125 per cent
BSA in TBS.

Previously tested positive controls were included in all
series for all the antibodies used. As negative controls,
immunoglobulins of the same subclasses and in the same
protein concentrations as the primary specific antibodies
were used.

With the exception of the MIB-1 study (see below}, all
the immunohistochemical results were evaluated semi-
quantitatively. Staining was recorded separately using a
semi-quantitative and subjective grading, considering
both the intensity of staining and the proportion of cells
showing an unequivocal positive reaction. Percentage of
immunopositive cells: 0, 0 per cent; 1, <25 per cent; 2,
25-<50 per cent; 3, 50-75 per cent; 4, >75 per cent.
Intensity of staining: 0 (0), absent; 1 (0/+), very faint
stain; 2 (+), faint; 3 (++), moderate; and 4 (+++),
strong staining. For each case and each antibody, we
calculated a staining score by multiplying the value
attributed to the percentage of stained cells by that of
the staining intensity. Localization of the staining in the
cytoplasm and/or in the membrane was also recorded
whenever possible.

Evaluation of the percentage of immunoreactive cells
for MIB-1 was made by counting 1000 tumour cells in
random fields.

Sratistical analysis

The results are expressed as a percentage or a
mean (+SE). Normal thyroid was compared with
papillary carcinoma and within PTC, cases with rer
rearrangement were compared with those without rer

©) 1998 John Wiley & Sons, Ltd

rearrangement. For statistical analysis, the chi-square
test with the, Yates correction, paired and unpaired
Student’s -tests, and the ANOVA test were used. Two
values were considered significantly different when
P<0-05.

RESULTS

Southern blot analysis

Eight out of the 33 papillary carcinomas (24-2 per
cent) presented with ret rearrangement. The rearranged
bands were evident with both probes. One of the two
cases in which both the primary tumour and the lymph
node metastasis were analysed displayed rearranged
bands in the primary tumour as well as in the metastasis
(case 29), whereas the other only displayed rearranged
bands in the metastasis (case 11) {(Fig. 1).

Clinicopathological features

The comparison of the two groups of PTCs (with and
without res rearrangement) is summarized in Table 1.
The mean age of the patients with tumours displaying
ret rearrangement (28 + 9 years; median 30 years) was
significantly (P=0-005) lower than that of the patients
harbouring cases that did not present rearrangement
(45 + 15 years; median 44 years). No significant differ-
ences were found regarding the gender of the patients,
tumour size, multicentricity, extrathyroidal growth, vas-
cular invasion, lymphocytic infiltration, or lymph node
involvement. There was a trend (P=0-15) towards a
relationship between the presence of rer rearrangement
and papillary or mixed papillary—follicular architecture:
ret rearrangement was found in only one out of the 11
cases (9'1 per cent) of the follicular vanant of PTC
(Table I).

The tumours of the two patients who presented with
recurrence of the disease (cases 4 and 20) were negative
for ret rearrangement (Table II); no patient developed
clinically evident metastases or died from the disease,
but the follow-up period was too short to allow any
meaningful prognostic conclusions to be drawn.

Immunohistochemical features

Some of the immunohistochemical results are summa-
rized in Table II. The comparison of the immunohisto-
chemical scores obtained in the PTC cases with those
obtained in the respective adjacent normal thyroids is
summarized in Table HI. PTC displayed significantly
higher expression of cytoplasmic E-cadherin, c-met, and
vimentin, whereas the normal thyroid displayed signifi-
cantly higher expression of Bel-2. No significant differ-
ences were observed in the expression of E-cadherin
(membrane) or c-erb-B2 (Table TIT).

The comparison of ret-rearranged PTCs and PTCs
without rer rearrangement did not yield significant dif-
ferences, apart from the higher expression of cytoplas-
mic E-cadherin in cases without rer rearrangement
(Table 1V).
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Fig. 1 Southern blot analysis of rer rearrangement in papillary carcinomas and lymph
node metastases. DNA samples were digested with EcoRI and HindlIl and hybridized to
probe 1 (see Materials and Methods). Top panel: case |1—lanes 1, 2 {EcoRl) and 4, 5
(HindllI). Primary tumour (lanes | and 4) and lymph node metastasis (lanes 2 and 5
showing a rearranged band in the lymph node metastasis, Cases 4 (lane 3) and 19 (lane
6)—HindlII—no rearranged band is seen in any of these cases. Botlom panel: case 20 (lane
1), case 21 (lanc 2), case 29 (lane 3—primary tumour and lane 4 lymph node metastasis),
case 23 (lane 5) and case 24 (lane 6}—EcoR1. Rearranged bands are anly seen in lanes 3 and
4 (primary tumour and metastasis of case 29)

MIB-1—The PTCs of our series exhibited low prolif-
erative indices as evaluated by MIB-1 (Table II). There
was a trend to a lower proliferative index in cases with
ret rearrangement than in cases without rearrangement,
but the difference did not reach the threshold of
statistical significance (P=0-09) (Fig. 2).

E-cadherin—The immunoreactivity for E-cadherin in
most PTCs was weak and clearly heterogeneous, i.e.,
positive areas co-existed side-by-side with negative
areas. The polarized expression of E-cadherin seen in
normal thyroid was partly lost in every PTC, thus
leading to less impressive membrane staining and more
intense cytoplasmic staining in the PTC. Among the
tumours, E-cadherin  cytoplasmic  immunostaining
was stronger, though not significantly (P=0-13), in
cases that did not exhibit rer rearrangement (Fig. 3).
The tendency to less widespread and less intense
cytoplasmic immunoreactivity for E-cadherin in cases
with ret rearrangement was reflected in the significantly
(P=0007) lower score obtained in these cases in
comparison with those without rer rearrangement
(Table TV).

42 1998 John Wiley & Sons, Lid.

c-erb-B2—Cytoplasmic immunoreactivity for
c-erb-B2 was observed in every PTC (Table II) as well as
in the normal thyroid (Table III). Clear-cut membrane
immunoreactivity for c-erb-B2 was not observed in
any case.

c-met—The majority of the tumours presented
cytoplasmic c-met (over)expression in contrast to the
adjacent thyroid (Fig. 3). Eighty per cent of the
papillary carcinomas of our series displayed immuno-
reactivity for this receptor (Table IT). No significant
difference was found between cases with and
without rearrangement, regarding the percentage of
immunoreactive cells or the intensity of staining
(Table IV).

Bel-2—Immunoreactivity for Bel-2 was observed in
most PTCs (Table I1) as well as in the normal adjacent
thyroid. The immunoreactivity was cytoplasmic and
usually less intense in the carcinomas than in normal
thyroid (Table IIT). No significant differences were
found between cases with and without rearrangement,
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Table 1l—Summary of the immunohistochemical resulis*

Case Age ret MIB-1 E-cad E-cad
No. Lesion* Gender (years) rearr. Yo membrane cytoplasm c-erb-B2 c-met Bcl-2
1 PT F 38 NEG 11 ND ND + ND +++
2 PT F 31 NEG 16 4 0/+ + ++ +
3 PT 5 26 NEG 0-2 ND ND + +++ 0+
4 EE F 44 NEG 0-8 i 0 ++ + ++
5 PT M 16 POS -2 ND ND ++ ND 0
6 PT E 49 NEG ND ND ND ND ND ND
7 PT M 42 NEG 16 0/+ ik o+ +++ +
8 PT F 40 NEG 22 0/+ s ¢ o/+ b 0/+
9 PT M 49 NEG 30 ND ND H ND ++
10 T M 12 NEG 2:2 ND ND + ND 0
11 PT F 37 NEG 0z +++ o/ + £ 0 ++
11 Met F 37 POS 1-1 0/+ O+ = 0/+ +
12 PT F 44 NEG 1-0 ND ND + ND o
13 PE E 93 NEG 13 ND ND ++ ND FH
14 PT F 31 POS 06 g 07+ 07+ 0 + o
15 PT F 68 NEG 45 + ++ 0/+ ik i
16 PT F Sl NEG 1+ S o 5 3 +
17 PT - 23 NEG 35 4 + ook bk 0
18 PT F 27 NEG 29 + + ++ ++ 0
19 PT M 51 NEG 1-0 ND ND + ND +
20 PT M 71 NEG 08 ++ ++ G +++ +
21 PT B B NEG 10 +++ +4 ++ + ++
22 PT o2 36 POS 12 + 0 ++ ++ or+
23 BT F 22 NEG 24 4+ 4 0/+ ND o
24 PT F 45 NEG 09 +++ +++ 0/+ o+ ++
25 PT F 47 NEG 22 0/ + +++ +++ ++ ++
26 PT F 30 POS 04 ND ND + ND 0+
27 PT M 30 NEG 16 0 0/ + + ++ +++
28 PT F 13 POS 2:1 0O/ + + +++ +++ +
29 PT E 32 POS 0-9 ++ 0/+ ++ + 0
29 Met F: 32 POS ND ND ND ND ND ND
30 PT F 60 NEG 04 o+ ++ ++ + 4+ +++
31 PT F 30 POS 03 or+ o/+ +++ +++ ++
32 PT E 41 NEG 1-5 HH + ++ ++ +
33 PT F 58 NEG 13 + § e + +++ 0/+
*PT=primary tumour; Met=lymph node metastasis.
ND=not done.
Table 111—Summary of the immunohistochemical scores in PTC and in normal thyroid
Normal
Immunohistochemical score thyrowd PTC P value*
E-cadherin—membrane (SE) 81 (0-9) 66 (09) NS
E-cadherin—cytoplasm (SE) 26 (0:3) 60 (0-8) 0-002
c-erb-B2 (SE) 9-4 (0-6) 76 (0-8) NS
c-met (SE) 0-0 (0-0) 10-3¢1-1) <0-0001
Bcl-2 (SE) 11-1 (0-4) 56 (0:9) 0-0001
Vimentin (SE) 0-0 (0:0) 70 (1:0) <0:0001

*Similar results were obtained with the paired and unpaired Student’s r-test

regarding the percentage of immunoreactive cells or the
intensity of staining (Table 1V).

Vimentin—Almost every PTC displayed immuno-
reactivity for vimentin, in contrast to the adjacent
normal thyroid (Fig. 3). The expression of vimentin

L 1998 John Wiley & Sons, Lid.

was localized in the basal poles of the cancer cells in the
large majonty of PTCs, regardless of the presence
or absence of ret rearrangement. The two groups of
PTCs did not differ in relation to the percentage of
immunoreactive cells and the intensity of staining
(Table 1'V).
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Table IV—Comparison of the immunchistochemical scores in PTCs with and without rer rearrangement*

Immunohistochemical Rearranged Non-rearranged

score ret ret P value
E-cadherin—cytoplasm ( + SE) 2:7(0:7) 80(1-1) 0-007
c-met (£ SE) 88 (2:6) 109 (1-2) NS
Bcl-2 ( + SE) 36(19) 6:2(1-1) NS
Vimentin ( £ SE) 7-3(1-7 66 (1-1) NS

*We have included only those markers in which PTCs differed significantly from normal thyroid (Table 111).

MIB1 5

el 4,5 - 0

a0 O

fi{oo > ®

ret rearrangements

POS
p=0.09

Fig. 2—Scattergram of the percentage of MIB-1 immunoreactive cells in cases with (n=8) and
without (n=24) ret rearrangement. *In one case, MIB-1 immunoreactivity was not evaluated (for

technical reasons)

DISCUSSION

About one in four of the cases of the present series
displayed res rearrangement. The 24-2 per cent preva-
lence that we have detected is within the range pre-
viously reported in western European countries®!'3.2*
and contrasts with the low prevalence of rer rearrange-
ment reported in Japanese, Arabian, and Canadian
Series.lg‘25'26

Our finding of a significantly lower age in patients
with tumours displaying ret rearrangement fits with the
results of Bongarzone er al,'* Jhiang et al,'® and Sugg
et al.,'? and supports the association of rer rearrange-
ment and early onset of PTC. This association is further
supported by the concurrent increase in the incidence of
thyroid carcinoma in children after the Chernobyl dis-
aster?” and by the high frequency of ret activation in
these cases (about 60 per cent).®%28 The association
between ref rearrangement and early onset of PTC may
reflect the existence of a short-cut (single or few events)
in ret-induced papillary carcinogenesis and/or that the
functional status of the thyrocytes of youngsters makes
them a more sensitive target for ret-activated signal, as
suggested by Bongarzone et al '

& 1998 John Wiley & Sons, Lid

The in vitro experiments of Bond et al.2? using ampho-
tropic vectors indicated that rer rearrangement has the
potential to act as an initiator event of papillary
tumours, in contrast to ras, which seems to be an
initiating event in the follicular histotype. This possi-
bility is supported by experiments using transgenic mice
with targeted expression of ret/PTC1 oncogene, which
developed thyroid tumours that were considerably simi-
lar to human papillary carcinomas.’ The finding of
Viglietto er al'® and Santoro et al.'* of a much higher
frequency of ref rearrangements in papillary microcarci-
nomas than in clinically evident PTCs has been
advanced as an extra argument favouring the associ-
ation between res rearrangement and initiation of
PTG 1€ .

It remains to be determined whether most microcar-
cinomas are indeed recently developed PTCs, or rela-
tively ‘old” lesions that did not develop further or are
even regressing. The scarred appearance of many micro-
carcinomas is in keeping with the latter possibility.3!-32
It is even possible that some of these tiny carcinomas
may actually regress completely.

The high prevalence of ret rearrangement detected in
papillary microcarcinomas by Viglietto e al'¢ and

JOURNAL OF PATHOLOGY, vOL. 184: 000-000 (1998)
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>
b

Fig. 3—Examples of immunoreactivity in papillary carcinomas for some of the markers used in this study. (A) c-met expression in
a focus of papillary carcinoma. Note the contrast between the neoplastic cells and the adjacent normal parenchyma (anti-c-met;
scale bar=60m). (B) Prominent vimentin expression is observed in the cytoplasm mainly in the basal poles of some of the
neoplastic cells (anti-vimentin; scale bar=15 gm). (C) Heterogeneous E-cadherin membrane expression is observed in this focus of
papillary carcinoma (anti-E-cadherin; scale bar= 15 zm). (D) Strong E-cadherin expression in the cytoplasm of the neoplastic cells

(anti-E-cadhenin; scale bar=15 zm)

Santoro et al'¥ supports the hypothesis that tumours
harbouring a re/PTC activation could proceed less
frequently towards large PTCs than papillary tumours
lacking ret rearrangement.'® The similarity of the size of
the PTC with and without ret rearrangement observed in
our series does not clarify this issue, because our cases
were clinically selected and thus represent a biased
sample.

The trend to a lower proliferative rate in ret-
rearranged PTCs detected in the present study fits with
the reported association between papillary microcarci-
nomas and ref rearrangement.'?'® This low proliferative
potential also fits with the findings of Bond er al.?® of a
poorer growth potential in vitro of thyrocytes trans-
formed with amphotropic vectors carrying activated rer
when compared, for example, with ras-activated cells. It
remains to be determined whether the apparently greater
clinical aggressiveness of the so-called post-Chernobyl
PTC? reflects the influence of other types of rer rear-
rangement,®® or the co-existence in this setting of
other contributory factors, such as the higher normal
proliferation rate of follicular cells in children.

Other types of evidence reinforce the assumption that
most ret-rearranged PTCs do not tend to progress
towards more advanced steps of neoplastic develop-
ment. Several groups did not find rer rearrangemnets in
less-differentiated thyroid tumours, despite the frequent
occurrence of loci of PTCs in poorly differentiated and

© 1998 John Wiley & Sons, Lid.

undifferentiated carcinomas.''-'? This suggests that
tumours harbouring ret rearrangements do not usually
evolve to undifferentiated phenotypes,'? or if they do,
they lose the rearrangement during the process. Con-
versely, mutation of p53 has been detected to date, to the
best of our knowledge, in only one PTC displaying rer
rearrangement.?® Most authors did not find p53 inacti-
vation in PTCs with or without ret rearrangement, even
when foci of p53 immunoreactive undifferentiated carci-
noma co-existed with PTC.3335 Finally, it has been
observed that the introduction of mutant p53 by means
of an amphotropic retroviral vector has no effect on
human thyroid cells harbouring rer rearrangement
(Wyllie FS, personal communication).

Curiously, the apparently restricted tendency of rer-
rearranged PTCs to evolve to less-differentiated pheno-
types does not interfere with their nodal metastatic
ability. In fact, series on record show, like our own, and
ret-rearranged PTCs usually display a predisposition to
lymphatic involvement.'8-'> As has been stressed by
Sugg er al,'? it is still not known why ret-rearranged
PTCs give rise to lymph node metastases despite often
occurring as small, slow growing, quite harmless
tumours.

The search for immunohistochemically detectable dif-
ferences between PTCs with and without rer rearrange-
ment yielded very disappointing results. In fact, and at
variance with the clear-cut distinction between normal
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thyroid and PTC, no major features could be ascribed to
PTCs exhibiting ret rearrangement, apart from lower
proliferative activity. The patterns of immunostaining of
E-cadherin and c-erb-B2, as well as those of c-met
and vimentin, fit with previously reported data on the
immunohistochemical expression of these antigens in
PTC23:3637 and does not throw any light on the patho-
genesis of res-rearranged PTC. The series is, however,
too small to allow a meaningful interpretation of the
results obtained in the two subsets of PTCs.

ret rearrangements are usually found both in the
primary tumours and in the corresponding lymph node
metastases.®> One case of our series showed res activa-
tion only in the lymph node metastasis. This patient was
the eldest of the patients with tumours displaying rec
rearrangement, thus suggesting that rer rearrangement
may occur as a secondary event during the course of the
disease. However, one cannot rule out that the absence
of detectable ret rearrangement in the primary tumour
may result from the contamination of neoplastic cells
by stromal and normal thyroid cells, preventing the
detection of the extra bands.

Taken together, our results and most published
studies are consistent with a lack of ‘potency’ of ret in
comparison with most activated oncogenes. This would
explain the failure of most papillary microcarcinomas to
develop further and, if they do, their failure to go on to
undifferentiated carcinomas. As a consequence, PTCs
harbouring a rer rearrangement occur frequently as tiny,
slow growing, predominantly papillary tumours that do
not usually progress towards more aggressive neo-
plasms, despite giving rise to regional lymph node
metastases. They seem to represent a sort of Bonsai
phenomenon 1n tumour biology.
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