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INTRODUCTION

The malignant degeneration of normal tissues is a multifactorial process in which
both genetic host and environmental elements contribute to produce clinical cancer;
the relative contributions of host and environmental vary considerably both among
tumor types and among individual patients.

Carcinogenesis is a complex genetic and epigenetic process that involves changes
not only in characteristics of the tumor cell but also in it's interaction with the cellular
environment. The response of the host, in turn, determines the survival, continued
growth, and spread of tumor cells. The immune response in this scenario is being
appreciated increasingly.

The cellular and humoral immune responses triggered by tumor cell-specific
neoantigens are evaded by growing tumors through a number of strategies. These
include the physical exclusion of immune cells, reduced immunogenicity due to the
expression of major histocompatibility complex (MHC), costimulatory molecules and
disruption of natural killer and the natural killer T cell. Some tumors elaborate
cytokines or growth factors that interfere with antigen presenting cells or block the
production of proinflammatory molecules. The progressing tumor is immunoedited as
a consequence of this interaction with the host by the selection of poorly
immunogenic and/or immuno-resistant malignant cells.

Although thyroid carcinoma is an unusual malignancy, it is receiving increasing
attention, because it currently is the malignancy with fastest rate of increase among
women. Our understanding of the molecular basis of the thyroid carcinoma is
advancing rapidly, as are our strategies in treating it. A better understanding of the
response of the immune system to thyroid carcinoma may enhance future treatment
options, particularly in patients with poorly differentiated or anaplastic tumors.

In wiew of their pivotal role in the immune response several investigators have

studied the association of thyroid carcinoma with HLA alleles.



HLA antigens, predominantly the Class II HLA DR molecules, have been associated
with well-differentiated thyroid carcinoma. Conversely, no associations were found in
some earlier studies. Most studies have not found skewed associations with histology
or tumor behavior.

HLA antigens have been implicated as genetic factors influencing development or
various types of malignant tumors. The mechanism by which the major
histocompatibility comlex (MHC) genes are related to cancer pathogenesis are
obscure, but the interaction between environment and MHC genes to enhance tumor
genesis is well-documented in some cases.

There are still important unanswered questions ,Which are the environmental factors
influencing development of thyroid carcinoma?” or ,Which are the HLA genes
involved and are there genes outside the MHC may be involved in inherited tumor
susceptibility.

Medullary thyroid carcinoma

Medullary thyroid carcinoma (MTC), representing 5-10% of all thyroid malignancies,
derives from the parafollicular C-cells of the thyroid. High level calcitonin secretion is
observed which serves as a reliable marker for neoplastic tissue diagnosis. Prognosis
mainly depends on the stage of tumor progression at the time of diagnosis, with a
mean 10-year survival of approx. 75%. MTC occurs in sporadic (approx. 75%) and
hereditary forms with autosomal dominant trait (approx. 25%). Familial MTC occurs
as part of three different clinical phenotypes: multiple endocrine neoplasia (MEN)
type 2A and type 2B and familial MTC-only syndrome. Medullary thyroid carcinoma is
characterized by dominant activating mutations in the RET proto-oncogene. Currently
therapy is restricted to surgical removal of all neoplastic tissue lacking alternative
forms of treatment such as chemotherapy or radiotherapy.

Cytogenetics of benign tumors and carcinoma of the thyroid

Knowledge of the cytogenetics of solid tumors has lagged behind the rapid advances
made in studies of hematological malignancies. Only 1% of all reported cases have
dealt with primary epithelial tumors.

Only 11 cases of thyroid carcinoma, most of them medullary and anaplastic

carcinoma have previously been cytogenetically analyzed.



Teyssier et al. examined thyroid adenoma and carcinoma tissues. No chromosome
anomalies were found in the former, but the thyroid carcinoma cells proved to be
hypodiploid (35 to 43 chromosomes) with consistent structural rearrangement
involving chromosomes 1 and 2.

To our knowledge, there was no previous report of banding analyses of papillary
thyroid carcinomas. Only Mark et al. mentioned unpublished data about the
cytogenetics of one primary and one metastic tumor. In these two direct

preparations only normal karyotypes were observed.

ras oncogene mutation in thyroid neoplasia.

ras is a key component of several signaling pathways in vertebrates, invertebrates
and yeast where it plays critical roles in development, proliferation, differentiation
and survival. In the twenty years since the first identification of mutated ras genes in
human tumors, intensive effort has been devoted to understanding how ras
promotes neoplastic transformation. The incidence of ras mutations in thyroid tumors
and their frequency in specific histologic types varies widely in different series.
Mutations in all three cellular ras genes (H-, K- and N-ras) have been identified in
benign and malignant thyroid tumors. Unlikely that the ras oncogen mutation is the

single cause of the tumor development in pathogenesis of thyroid neoplasia.

THE OBJECTIVES OF OUR WORK WAS THE FOLLOWING:

1.) HLA antigen typing was performed in differentiated and medullary
type of thyroid carcinoma to be found an allel which is/are
characteristic for the histology type, onset of the disease, spreading
of the malignant cells and their localisation, or related to the
response of the immunsystem.

2.) the IgG heavy chain (Gm) allotypes. was investigated from the same

points of wiew



3.)

4.)

5.)

6.)

7.)

8.)

9.)

10.)

To succeed in our object we analysed our data by using of proper
mathematical analysis.

HLA typing, basal/stimulated calcitonin test and family study was
performed to determine associations among MTC patients and in
their relatives.

We wished to determine whether the contrast in biological behavior
and oncogene activation pattern might be associated with a
difference in the cytogenetic picture.

Are there any differencies in the cytogenetic picture of benign and
malignant thyroid neoplasia ?

Could indicate the cytogenetic picture’s changes of the progression
of thyroid diseases ?

The mutation frequency of Ha, N, K ras oncogens was studied in
well differentiated malignant and benign follicular neoplasia.

Does the ras oncogene activation play a critical role in development,
proliferation differentiation and survival of thyroid neoplasia or not ?
Are there any consequencies of different dietary iodine intake /in
Eastern Hungary and New-Foundland/Canadal related to ras

mutations.



MATERIALS AND METHODS

Fifty-two patients with thyroid epithelial cell cancer were studied for evidence of
association with human leukocyte antigens (HLA). Fifty-two consecutive patients with
thyroid carcinoma attending to the first Department of Surgery, University of
Debrecen, Hungary were included in the first study of ours. All 52 patients were
typed for 58 HLA-A, B, C, and DR antigens. The distribution of the patient's HLA
phenotypes were compared with those of 380 healthy controls typed for HLA-A, B, C
antigens and 160 typed for HLA-A, B, C, DR antigens

HLA antigens were typed by standard microcytoxicity method (Terasaki,McLeland).
Relative risk were calculated by standard method (Woolf)

Gm typing of the sera was performed by haemagglutination inhibition test on
microfolliculation slides (van Loghem). Using our reagents 13 phenotypes were
observed in this material. The distribution of the patient's HLA phenotypes were
compared with those of 160 healthy controls typed for H LA-A, B, C DR antigens.
HLA phenotype information was also available for 81 out of 168 controls typed for
Gm.

In the following investigation, we used DNA typing for HLA-DR allels. All 75 patients
who were included in this study were from the same area, from eastern part of the
country. Genomic DNA was amplified and alllels were identified by polymerase chain
reaction. The frequency distribution of HLA-DR antigens were compared with
frequency in 170 healthy blood donors who had no personal or familial history of
thyroid disease from the same region.

Statistical analysis

Consideration of fundamental statistical principles is necessary in the design and
interpretation of HLA and disease studies. These principles will influence the size of
the study, the choice of a population-based and selection of controls.

If individuals with different HLA antigens have varying risk of disease, then a

difference should be seen in the distribution of HLA types among patients and



healthy controls. We used the chi-square probe (Woolf) and also we calculated the
RR (relative risk) by Haldane.

Discriminant function analysis was performed using the SPSS software package. The
following variables were evaluated as predictors: patient age, tumor histology, HLA
status, lymphocytic infiltration, lymph node and distant metastases and tumor size.
Positive and negative predictive values were calculated by standard using formulae.

HLA typing, basal and stimulated calcitonin examinations and family studies in

medullary carcinoma of thyroid

30 patients with medullary cancer of the thyroid gland operated on between 1950
and 1990 at the I-st University Department of Surgery at Debrecen.were studied HLA
typing and serum calcitonin examinations were performed on 12 patients. In 5 of 12
patients family accumulation was found. HLA-A, B, C, and DR antigens were
determined in the patients and their families in addition to basic and stimulated
calcitonin. Family studies were done not only in FMTC but in sporadic medullary
cancer

Cytogenetics of four thyroid neoplasia

Cytogenetic analyses were attempted in papillary carcinomas and adenomas of
thyroid from 6 patients. Only primary lesions were processed. In only 4 of the 6
patients were analyzable metaphases obtained. For the cytogenetic analysis, primary
tumor tissue was carefully cleaned of fibrous tissue and fat, minced with scissors,
and washed twice in Hanks' balanced salt solution (HESS). When the number of cells
of the culture appeared to be suitable (after 7 to 60 days). Colcemid was added and
the cells were incubated. At harvest, the cells were centrifuged and resuspended for
20 minutes. After fixation the cells were centrifuged and resuspended in fresh
fixative. Slides were stained by the ASG-trypsin banding method and a fluorescent
banding method of Caspersson et al. The homenclature follows that of ISCN.
Molecular genetics in differentiated carcinoma and in benign adenomas of the
thyroid
Paraffin-embedded tissue blocks from a variety of thyroid tumors were randomly

selected from the archives of Pathology Department Health Sciences Centre, St.

John's Newfoundland, Canada, a high dietary iodine intake area



(dietary iodide, 190-550 microgr/day) and from those of the I st Department of
Surgery, Debrecen, Hungary, a low dietary iodide intake area (dietary iodide, 46-70
microgr/day).

Synthetic oligonucleotides and polymerase chain reaction

The oligomers were purchased from Clouted' Company (CA). Five- um sections were
cut from paraffin blocks and processed for polymerase chain reaction as described by
Shibata et al. with some maodifications. The primers were 20 bases long, each pair
enclosing an amplified region of 100 base pairs. Samples were denatured and then
cooled rapidly. Forty cycles of amplification were used. Al of the amplified products

was run on 2% agarose gel to ascertain that specific amplification had occurred.

Southern Blot and Oligonucleotide Probe Hybridization

After an initial quantitation on the gel each amplified product were run on agarose
gel and transferred to nylon membrane. Replicate filters were prepared and DNA was
fixed by UV illumination. Hybridization was performed. The filters were then

subjected to autoradiography over-night.

RESULTS AND DISCUSSION

In our first publication (Juhasz et al 1986 ) the differentiated thyroid tumors and
their significant association to HLA DR1 was established. HLA-DR1 was detected in
53.8% of the patients compared to 19.4% of the healthy controls. These proportions
yield a relative risk of 4.85 (x> = 21.26, p < 0.0001). The result was highly
significant. When we related the biologic behavior of thyroid tumor to HLA
phenotypes, some important differences emerged. Thus, 10 of 12 (83.3%) patients
with metastatic disease were DR 1-positive. This proportion was significantly
different from that of the 18 of 40 (45%) patients without metastases (RR = 6.1,
= 4.67, p < 0.05).



The distribution of Gm haplotypes among the control and epithelial cancer group
showed no significant deviation. In order to examine possible interaction of Gm
phenotypes and HLA in modifying susceptibility to thyroid cancer, we classified
patients and controls based on HLA-DR 1 status and homozygozity for Gm fb. Using
the proportion of DR1- fb - as baseline, we calculated relative risk for thyroid cancer
of 37.5, 6.0, and 2.6 for DR1+ fb+, DR1+ fb -, DR1- fb - groups respectively. Thus
Gm and HLA interact to enhance greatly the risk of thyroid cancer.

In a recent study (Juhasz et al 2005), we revisited the association of MHC Class II
antigens with well differentiated thyroid carcinoma in eastern Hungary using DNA
technology and found an association with HLA-DR11. We previously documented an
association with DR1 (Juhasz et al 1986, 1989), which was detected serologically, in
the same population irrespective of thyroid tumor histotypes. That this is unlikely to
be a technical problem is proven by the consistency in HLA antigen designation in
bone marrow transplantation donors when we changed from serologic typing to DNA
typing for MHC II antigens.

HLA-DR11 was the only antigen that showed significant deviation from the
background population. The finding that deviation in the prevalence of other
antigens was not skewed by the increase in HLA-DR11 was sustained when the
relative risk (RR) was recalculated after excluding tumors that were positive for HLA-
DR11.

We found no apparent influence of the DR11 phenotype on tumor size, degree of
lymphocytic infiltration, metastases, or lymphnode involvement. We examined the
influence of various parameters on the progression from microtumor to a clinically
relevant carcinoma. Only two predictors in discriminant function analysis were related
significantly to tumor size: Distant metastases had a positive relation (minimum F =
6.647; function coefficient = 0.841; p = 0.0119), and the degree of lymphocytic
infiltration had a negative relation (minimum F = - 0.565; p = 0.0109).

The latter finding suggests that the emergence of clinical tumors is associated with
impairment of the immune response, as manifested by lymphocytic infiltration. Other
variables, such as HLA-DR phenotypes, histology, age, and gender, did not

demonstrate discriminant value.



This study raises two basic and immediate questions: What is the relevance of the
association of HLA alleles with thyroid carcinoma; and why have so many alleles
been reported in different studies, including our own from eastern Hungary? HLA
Class II molecules play central roles in the immune response as restricting elements
for peptides presented by antigen-presenting cells to T cells and because their
polymorphism and linkage disequilibrium of alleles in linked loci (haplotypes) may
determine the quantitative response to downstream products, particularly cytokines.
It has been reported recently that the rearranged in transformation (RET)/PTC
oncogene induced the expression of MHC Class II through a signal transducer and
activator of transcription 1-mediated mechanism. It is likely that the associated
elaboration of cytokines by thyroid tumor cells promotes lymphocytic infiltration. This
was demonstrated previously with the overexpression of MET reported in both PTC
and FTC, explaining why MHC II expression and lymphocytic infiltration is not limited
to PTC. It is noteworthy that wild type p53 may have a stabilizing effect on MHC II
expression, which is impaired in mutants. The induction of MHC II through some
carcinoma genes explains why previous studies have found that MHC II expression
was regulated differently in thyroid carcinoma cells compared with normal
thyroctyes. To allow for an effective immune response, the infiltrating mononuclear
cells serve to provide costimulatory molecules that are not expressed otherwise by
thyroid carcinoma cells. However, these infiltrating mononuclear cells may be a
double-edged sword, in that proinflammatory mediators can enhance tumor growth
in @ paracrine fashion.

There is evidence for humoral and cellular immune responses to thyroid carcinoma-
specific neoantigens (RET/PTC) that may be successful in eliminating cells bearing
mutant oncogenes in the process of immunomodulation. Immunomodulation
emphasizes the reshaping of surviving tumors under the selective pressure of the
immune system, resulting in a tumor that differs radically from the original
malignancy.

The difference in MHC Class II antigens may be related to patient stratification or to
the impact of changing environmental risk factors for thyroid carcinoma targeting
different susceptible populations. Sridama et al in an example of heterogeneity noted

that DR7-positive patients with radiation-associated thyroid carcinoma had a much
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shorter latency period from exposure than DR7-negative patients. In the current
study, it is instructive that 7 patients who had PTC with a vigorous and apparently
successful immune response to the tumor burden all were positive for DR1, the
antigen that was incriminated in our earlier study.

HLA typing and basal serum calcitonin examinations were performed on 12 patients
of 30 patients with medullary thyroid cancer operated on between 1950 and 1990 at
the 1st University Department of Surgery at Debrecen In 5 of latter patients family
accumulation has been confirmed . HLA-A, B. C, and DR antigens were determined in
the patients and their families in addition to basic and stimulated calcitonin. On the
basis of our results a relationship was found between the HLA-DR7 and the calcitonin
level seemingly might have shown a susceptibility to the development of medullary
cancer of the thyroid. The relative risk was not possible to estimate because of the
small number of the MTC patient but the tendency (from 12 MTC patient 9 was DR7
positive) is rather a remarkable findings. A family study was performed to supporting
the assumption that the DR7 association to the medullary cancer is significant. 14
family member was typed for HLA-DR antigens and the basal/stimulated calcitonin
level was determined. The basal/stimulated calcitonin level in 7 family member was
higher then normal but only two of them showed a significant peak which allow us to
diagnose FMTC. After informed consent both underwent total thyroidectomy On the
first postoperative day the calcitonin level decreased to normal. Histological finding in
both showed C cell hyperplasia which is a precancerous and it should be
diagnosed/treated as a relevant medullary carcinoma. Molecular genetics was not
available yet at the time of these investigations. MEN 2a, 2b syndromes were not to
be verified in any of the patients. Accordingly these, patients with familial carcinoma
were ranked into the non-MEN type FMTC showing family accumulation. We

concluded that family studies advisable in case of sporadic medullary cancer as well.

On the basis of our results we can established that the modal chromosome number
in each of our four specimens was in the diploid range. In one of the papillary
carcinomas pseudodiploidy was observed; in the second hypodiploidy with 44 to 45
chromosomes, and in the third cells with 45 to 46 chromosomes were observed. The

tumor cells from the follicular adenoma were diploid and appeared to have a normal
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karyotype. Other investigators also observed a tendency for hypodiploidy in
medullary carcinomas, whereas cells from anaplastic carcinoma after 27 to 412 days
in culture proved to be hypotetraploid-tetraploid-hypertetraploid and hexaploid. or
near-hexaploid. Consistent losses of chromosomes were observed in only one of the
three papillary carcinomas.

To our knowledge, there were no previous reports of banding analyses of papillary
thyroid carcinomas. Only Mark et al mentioned unpublished data about the
cytogenetics of one primary and one metastic tumor. In these two direct
preparations only hormal karyotypes were observed.

Consistent losses of chromosomes were observed in only one of the three papillary
carcinomas. Most cells of the tumor from patient 1 showed loss of one or both
chromosome 10 and less frequently showed loss of Y. Of the markers, the deletion of
the long arm of chromosome 11. which was detected in two of the three specimens
of papillary carcinoma and suspected in the third specimen, and the rearrangement
of chromosome 1 leading to a partial duplication of the long arm in the tumor cells of
patient 1 are of particular interest.

The deletion of the long arm of chromosome 11 is the single common aberration of
the three specimens of papillary carcinomas. Although the breakpoints involved in
the three cases were not exactly the same, their location and the fact that the liq
deletion could be detected in most cells suggest that loss of the terminal part of the
long arm of chromosome 11 may be specific for papillary carcinoma of the thyroid.
The most frequent aberration in tumor cells of patient 1 was a rearrangement of
chromosome 1 (mar 1) resulting in a partial duplication of 1q:dup(1)(g23—qter). The
suspected breakpoints were 1p35,19g23. A similar structural aberration of
chromosome 1 was found by Wurster-Hill et al in thyroid medullary carcinoma. That
the chromosome 1 aberration could be detected in most cells indicates that it may
play an important role in the tumorigenesis. That this aberration appeared only in
one of the three cases with a papillary carcinoma and was associated with several
other markers suggests, however, that case 1 may represent a later stage of the
disease. This hypothesis and the frequent and nonspecific occurrence of
chromosome 1 rearrangements in human tumors suggest that chromosome 1

anomalies may be important during tumor progression.
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In some of the cells of each patient with papillary carcinoma, the signs of gene
amplification, double minut’s were present.

The current data raise the possibility that 11g21—23 deletions are specific to
papillary thyroid carcinoma. That the deletions were detected at different culture
times in two patients makes it unlikely that these abnormalities are in vitro artefacts.
Because we have not examined follicular carcinoma tissue, this conclusion must be
tempered. The patterns of familial accumulation and oncogene activation are
consistent with this assertion, however.

Comparing ras activation data in an iodide-sufficient and iodide-insufficient territory
is still a unique publication in the literature and cited rather often. The histology of
specimens from Debrecen was reviewed in St. John's before PCR amplification to
exclude differences in diagnostic criteria. Since the activating mutations so far
identified in naturally occurring tumors are at the codons 12, 13, and 61 (8),
selective amplification of both regions was performed. Amplified DNA was analyzed
with a set of oligomers each designed to be complementary to a different point
mutation within these co-dons. This allows for the detection of all possible single
base pair substitutions. Mutated ras oncogenes were identified in 1 of 13 thyroid
adenomas (85%) and 3 of 6 follicular carcinomas (50%) obtained from Debrecen.
Most of the adenomas (80%) were macrofollicular and the rest were mixtures of
micro- and macro-follicular adenoma. No mutations in any of the three ras
oncogenes were found in 12 papillary carcinomas. The most common mutation site
was codon 61 with GIn — Arg. Mg substitution accounting for 93% of the mutations
found at that position. No mutations were detected in codons 12 or 13. One
specimen displayed two ras mutations in codon 61 (Gin— Lys in N-ras and Gin— Arg
in Ha-ras). Its histology was typical of a microfollicular adenoma.

The frequency of ras oncogene mutations was much lower in the specimens from St.
John's than in the Eastern Hungarian material. Only 2 mutants in 12 specimens
(16%) were identified in adenomas with the same histological pattern as the
Hungarian material. This incidence is significantly lower than that in the Hungarian
material (chi2 = 5.695, p < 0.02). In only 1 of 10 (10%) follicular carcinomas was a
ras mutant detected. The difference between the incidence of ras mutations in

Newfoundland and Eastern Hungary was not significant (chi2 = 1.423, p< 0.02),
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probably related to the small number of Hungarian specimens. Codon 61 with Gin—
Arg substitution was still the most common target for mutation. As in the iodide-
deficient area, no mutations were found in 10 papillary carcinoma specimens
examined.

The ras protooncogene family includes three genes that have been designated Ha-
ras-1, K-ras-2, and N-ras. These genes appear to be functionally involved in
regulating cellular growth and cellular growth and differentiation. Mutations at
codons 12, 13, or 61 of one of the three ras genes convert them into active
oncogenes. Mutation at codon 61 is the most proficient in changing the conformation
of ras proteins which is required to catalyze GTP hydrolysis (GTPase-inhibiting
mutation). The mutant proteins can bind to the GTPase-activating protein which
mediates the signal transducing effect of ras protein on the cell.

Dietary iodine intake in Eastern Hungary is suboptimal, whereas in North America it
is more than sufficient. Our results show that ray genes are more frequently
activated in follicular thyroid tumors in Eastern Hungary than in Newfoundland, and
that they are activated at similar frequency in the early stages (adenoma) as in the
late stages (follicular carcinoma) of tumorigenesis. In view of small sample numbers
we combined our Hungarian data with those reported from Cardiff, United Kingdom
(2) and compared them with the Newfoundland material. The ras oncogene mutation
rate (11 of 21) was significantly greater than that from Newfoundland (1 of 10) (chi2
= 14.03; p < 0,0001). This exercise is justified by the borderline (mean, 90 pg/day)
urinary iodide excretion in Wales, reflecting iodide intake below that recommended
(150—300 pg/ (day), as well as the similarities in ras mutation rates. Iodide
deficiency is known to produce thyroid hyperplasia, nodule formation, and ultimately
malignancy in experimental animals. Some studies have also shown increased
numbers of thyroid carcinomas in endemic goiter regions. The excess of
differentiated thyroid tumor is attributable to those with follicular histology (22, 24)
in which ras mutations were found in this study. Our data suggested that in dietary
iodine-deficient area ras oncogene activation may play a more important role in
tumor initiation and/or maintenance. Additional factors are, however, necessary to

initiate carcinogenesis.
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