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Abstract The evolution of cancer is a multistep phelasmic tyrosine kinase domain, a short transmembrane
nomenon, and multiple cellular genetic lesions are itemain and a large extracellular domain with a number
volved in the emergence of the malignant neoplasm. Sefhighly conserved Cé&binding Cys residues near the
eral early events have been implicated in the neoplastansmembrane region and a cadherin-like ligand-bind-
transformation of thyrocytes, and recent reports have dey site. RET transcripts and protein are expressed in
scribed the involvement of specific genetic alterations éells and neoplasms of neuroendocrine differentiation,
different types of thyroid neoplasmss point mutations including parafollicular C-cells and medullary thyroid
are frequently observed in tumours with follicular histotarcinomas (MTCs) [70, 81], adrenal medulla and
ogy, gsp— the mutated form of the alpha subunit of thghaeochromocytomas [71, 88], neuroblastomas [43],
Gs-protein — is encountered in up to 73% of papillary parathyroid parenchymal cell precursors [80], and pe-
follicular thyroid carcinomas, and a high prevalence dpheral nerves and their tumours [77].

p53 point mutations has been found in anaplastic thyroid The RET protein is a functional receptor for the glial-
carcinomas but not in differentiated follicular tumoursell-line-derived neurotrophic factor (GDNF), a distant
More recent studies revealed that RET proto-onco- member of the transforming growth factor (TGF) beta
gene is involved in the oncogenesis of medullary thyra@gdperfamily [19]. Physiological responses to GDNF re-
carcinoma (MTC) and papillary thyroid carcinomaguire the presence of a novel glycosyl-phosphatidylinosi-
(PTC) by activation of its tyrosine kinase either by poittl-linked protein (designated GDNFR alpha) that is ex-
mutation or rearrangement. In this review the most imressed on GDNF-responsive cells and binds GDNF
portant recently published data on alterations ofRE& with a high affinity. GDNF promotes the formation of a
proto-oncogene in heritable and sporadic MTCs andphysical complex between GDNFR alpha aR&T,
PTCs will be summarized. Emphasis will be directed thereby inducing its tyrosine phosphorylation. Thus,
the pathophysiological mechanisms of tumour initiatioGDNF uses a multi-subunit receptor system in which
the indications and limitations of DNA testing, and theDNFR-alpha anRET function as the ligand-binding
clinical implications of identifiedRET defects in thyroid and signalling components, respectively [51, 98, 99].
lesions.
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Screening,
MTCs comprise 5-10% of all thyroid carcinomas. The
majority of these tumours occur sporadically, but about
The RET proto-oncogene 20% have a familial background [75]. MTCs are as-
sumed to evolve from neural crest-derived C-cells and
The RET proto-oncogeneREaranged duringiransfect- are regarded as being closely related to tumours of the
ion) is located on chromosome 10g11.2, has 21 exaisseminated neuroendocrine system. Familial forms of
and encodes a transmembrane receptor with cytoplasMitC are preceded by bilateral, multicentric C-cell hy-
tyrosine kinase activity [76]. It is composed of a cytgerplasia (CCH) which is defined as the presence of at
least three low-power magnification (x100) microscopic
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to 25% of familial MTCs do not show accompanying Several recent studies have dealt with the transform-
CCH, and reactive or secondary CCH has also beeg activity of the MEN 2A- and MEN 2B-associated
found adjacent to tumours of follicular cell origin and iRETmutations in transfected cell lines [4, 10, 83, 89, 93,
various non-neoplastic thyroid lesions, as well as in 487]. Xing et al. demonstrated that NIH/3T3 stable
derly individuals [38, 59]. transfectants expressirRET with a MEN 2A- or MEN
2B-type mutation gained a transformed morphology,
formed colonies in soft agar and tumours in nude mice.
RETIn hereditary MTCs These results confirmed that both MEN 2A- and MEN
2B-type RET mutations exert dominant transforming ac-
Several groups have demonstrated that distinct germiiiveties in NIH/3T3 cells [107], and Landsvater et al. re-
mutations in thdRETproto-oncogene are associated witbently provided evidence that this is also the case in vivo
the dominantly inherited cancer syndromes multiple €65]. In other studies it had been shown that MEN 2A
docrine neoplasia types 2A and 2B (MEN 2A and MEMutations induce ligand-independent dimerization of the
2B) and familial medullary thyroid carcinoma (FMTC)RET protein on the cell surface, leading to activation of
All three of these syndromes share MTCs as part of fteintrinsic tyrosine kinase and that transport of REET
disease phenotype [17]. The MEN 2A subtype, whighotein to the plasma membrane is required for its trans-
accounts for more than 90% of all cases of MEN 2, frming activity [4]. Further, Pandit et al. demonstrated
characterized by the additional occurrence of phagbat the MEN 2B point mutation alters the substrate
chromocytoma and hyperparathyroidism, resulting frospecificity of receptor tyrosine kinases and that the en-
parathyroid hyperplasia or adenoma. Activating muthanced oncogenesis associated with the MEN 2B muta-
tions in the cysteine-rich extracellular region cause drmn may be due in part to alterations in receptor regula-
hanced dimerization of thRET tyrosine kinase receptortion [83]. Functional analyses revealed that the mutated
and autophosphorylation and are causative for MEN RET proteins were constitutively phosphorylated on ty-
and FMTC. Missense germline mutations in one of gi@sine and that their in vitro kinase activity was signifi-
codons for Cys iflRETexons 10 (609, 611, 618 and 620antly higher than that of the wild-type protein [10].
and 11 (630 and 634) have been identified in 97% Mbst recently it has been demonstrated that the tyrosine
MEN 2A and 87% of FMTC families [26]. In FMTCresidue 1062 of the mutat&ET proteins is essential for
families MTC is the only clinical feature and the courdbe transforming activity of both types of mutations [5]
of the disease is more benign than that of MEN 2A and that different additional tyrosine residues may be in-
MEN 2B. In a few FMTC families additional germlinevolved for MEN 2A (tyrosine 905) and MEN 2B (tyro-
mutations have been identified at codons 768 and 804iime 864, 952) [46].
RET exons 13 and 14, respectively [7, 25, 29]. The ef- Although several groups have shown that a single
fects of these mutations are unclear. The former may RET mutation is sufficient to activate and transfoRBT
ter kinase activity by changing the substrate specificity vitro, there are huge differences in the age of MTC
or the ATP-binding capacity of the receptor [25], and tlomset among members of MEN 2 families, and the clini-
latter may activate the receptor by altering its interazal penetrance of the MEN 2 syndrome is not 100%.
tions with normal cellular substrates or modifying th€herefore it is reasonable to postulate that a germline
range of substrates the receptor can phosphorylate RET mutation may be sufficient to induce CCH but that
MEN 2B, which accounts for approximately 5% of abecondary events are required for the development of
patients with MEN 2, an activating mutation of the tyrdTCs. Thus, several somatic defects, such as loss of
sine kinase core domain has been identified in 94%pafrts of chromosomes 1p, 3p and 22q and sorRatit
patients [15, 42, 72]. This mutation at codon 918 in exarutations, have been described in MTCs of MEN 2 pa-
16 replaces methionine with threonine and causes tients [68, 73]. However, further studies on larger series
creased autophosphorylation and alteration of the sobtumours from MEN 2 patients are necessary to sub-
strate specificity of the tyrosine kinase. The MEN 28&antiate this hypothesis.
subtype (formerly called mucosal neuroma or Wagen-In families with MEN 2, genetic analysis of tiRET
mann-Froboese syndrome) is characterized by MTC girdto-oncogene can be used to confirm the diagnosis and
phaeochromocytoma, rare involvement of parathyroids, identify asymptomatic family members with the syn-
myelinated corneal nerves, gastrointestinal ganglionelieme. Furthermore, to a certain extent, it allows the pre-
romatosis and a variety of skeletal abnormalities, suchdagtion of a particular phenotype in a disease gene carrier.
a marfanoid habitus, pes cavus, talipes equinovartibus, studies on the correlation between genotype and
slipped capital femoral epiphysis, kyphosis, scoliosis adidease phenotype in 477 MEN 2 families revealed that
increased joint laxity [17]. The thyroid tumours tend tdisease gene carriers with codon 634 mutations more fre-
occur at an earlier age and pursue a more aggresgivently develop phaeochromocytoma and that a specific
course than in patients with MEN 2A and FMTC. Theautation at codon 634, changing Cys to Arg, is associat-
germline mutation in MEN 2B frequently represent nead with hyperparathyroidism [26]. However, the latter
mutations (approximately 50%), and recent studies indarrelation has been questioned by other groups [30, 91].
cate that de novo mutations nearly always arise on theMolecular screening fdRET mutations is most easily
paternally derived chromosome [14, 56]. performed by PCR-based methods using single-strand
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conformation polymorphism (SSCP), heteroduplex at codon 768 (Glu Asp) of exon 13 [25, 72], at codon
denaturing gel electrophoresis, followed by direct s883 (Ala— Ser) of exon 15 [24], codon 634 of exon 11
quencing or restriction endonuclease digestion of P{&, 86] and exon 10 [24] in a small proportion of tu-
products [6, 52, 60, 67]. Furthermore, we and other®urs. Furthermore, microdeletions causing the loss of a
have demonstrated that DNA testing can also be p€kys residue at codon 630 or 634 have been described in
formed on DNA extracted from paraffin-embedded tisporadic MTCs by several groups [1, 18, 49, 54]. The
sues, allowing retrospective analyses [58, 61]. differences in mutational frequencies and codons in-
First-degree family members of MEN 2A or FMTGsolved that have been reported by various centres sug-
gene carriers should be tested RET mutations before gest that either regional and environmental or technical
the age of 5 years [102], since measurement of calcitofd@otors might be involved. Thus, in a recent study Eng et
levels after stimulation with pentagastrin can yield falsat. examined microdissected subpopulations from spo-
positive and false-negative results [66, 102]. In MEN 2@dic MTCs and multiple metastases from these tumours
families DNA testing should be performed as soon aad found that approximately 80% of sporadic MTCs
possible, since MTC may develop at a younger age thel at least one subpopulation with RET codon 918
in the MEN 2A and FMTC subtypes. Disease gene carffiutation [27]. The distribution of this mutation was non-
ers should be tested for MTC, phaeochromocytoma aminogeneous, occurring only in subpopulations in most
hyperparathyroidism on a regular basis and offered promours and among subsets of multiple metastases, thus
phylactic thyroidectomy [102]. The appropriate age fimplying that although the codon 918 mutation could be
prophylactic thyroidectomy, however, is still debatedn early event, it is not necessarily an early or essential
Hence, the penetrance of MEN 2 is approximately 708¢ent in oncogenesis. These findings suggest either that
at 70 years of age, but more than 95% of all disease g#reecodon 918 mutation can arise as an event in progres-
carriers will have positive pentagastrin stimulation teg®on within a metastatic clone or within a single tumour,
(due to CCH or MTC) by the age of 35 [22]. Prophylaor that MTC can be of polyclonal origin. In the same
tic thyroidectomy in childhood appears to be the theragpyudy the authors also reported that one of two MTCs
of choice for asymptomatic disease gene carriers. Méi®im MEN 2A patients carried a somatic mutation at co-
specialists recommend surgery before the age of 5dim 918 in addition to thRET mutation present in the
MEN 2A gene carriers and as soon as possible in cljérmline.
dren with MEN 2B [35, 64, 81, 85], since metastatic Romei et al. and Zedenius et al. recently demonstrat-
MTC may also arise in children as young as 3 andefl that somatic mutations of tRET proto-oncogene in
years of age in MEN 2B and MEN 2A gene carriers, rgporadic medullary thyroid carcinoma were significantly
spectively [35, 53]. Prophylactic thyroidectomy appeatsrrelated with a poor outcome with regard to distant
to be associated with minimal morbidity and virtually nmetastasis or tumour recurrence [88, 108]. Marsh et al.,
mortality [64]. Furthermore, autotransplantation of parhewever, in a study on 32 patients, reported that the pres-
thyroids is not required and lymph nodes of the centeaice or absence of the somatic mutation aiRE& co-
compartment need not be dissected in prophylactic tliyn 918 was not correlated with age at diagnosis, tumour
roidectomy, in contrast to therapeutic thyroidectomy #ize, presence or absence of metastases, MTC-related
patients with established MTC or positive pentagasttimorbidity, or baseline calcitonin levels at diagnosis or
stimulation tests [62]. Moreover, a significant number afost recent follow-up [69]. Thus, the clinical signifi-
patients who undergo thyroidectomy after the diagnosisnce ofRET mutations in sporadic MTCs remains to be
of MTC have persistent or recurrent disease in the lotgtermined in larger series of patients with longer peri-
term [92]. Total parathyroidectomy together with heterods of follow-up.
topic autotransplantation, however, is advocated in geneéWe and others have demonstrated that the analysis of
carriers of MEN 2A families with hyperparathyroidismgermline DNA forRET mutations may be helpful to de-
since recurrent or persistent hyperthyroidism frequentbrmine the hereditary or sporadic nature of MTCs [29,
occurs after selective or subtotal parathyroidectomy, a3} and that DNA analysis can also be performed on
result of either missed glands or interval development®RNA extracted from paraffin-embedded tissues [58, 61].
neoplasia in previously normal parathyroid glands left in patients with hereditary MTCs, the speciR&ET mu-
situ [39]. tation will be present both in tumour DNA and in all nor-
mal tissues and blood cells harbouring constitutional
(germline) DNA. The absence of a germliRET exon
RETin sporadic MTCs 10, 11, 13, 14 or 16 mutation appears to rule out MEN
2A, 2B or FMTC with a high probability, although a fa-
Somatic mutations iIREThave also been found in a promilial form of MTC other than classical MEN 2 cannot
portion of patients with sporadic MTCs. By far the mosie conclusively excluded [23]. Thus, the presence of a
common mutation involves codon 918 (Methr). This few MEN 2 families without detectabRET mutations
type of missense mutation in exon 16 has been descrifgd] indicates that hereditary MTCs might also be caused
in 23-85% of sporadic MTCs and in our own series b§ germline mutations in the gene encoding the GDNF
16 tumours we found 44% MTCs harbouring this type mdceptor alpha or other genes. Rates of de novo muta-
RET mutation. Other groups found additional mutationfns in MEN 2A and FMTC appear to be approximately
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6% and those of MEN 2B, around 50% [23, 106]. Tlcogene has been found in a post-Chernobyl PTC, indi-
best policy for evaluating apparently sporadic casesaating that targeted radiation effects could be responsible
MTC and phaeochromocytoma is still debated. We afud the atypicaRETrearrangement.
others recommend routine applicationRET proto-on- Identification of RET proto-oncogene activation in
cogene testing in all patients with apparently sporadi@Cs has been achieved by several different methods.
MTCs and phaeochromocytomas [106], whereas oth@&tsese include Southern blotting, requiring high-quality
prefer a more conservative and cost-effective approd2NA extracted from unfixed tumour and nontumour tis-
with the histopathological features of surgical specimesises [31] and reverse transcription (RT)-PCR-based
and the patient’s age at presentation taken into considechniques to identify both specifRET rearrangements
ation. Only if the patient is less than 40 years old or H85] and gene activation [104]. The latter methods are
CCH together with MTC or multifocal tumours shoul@lso suitable for the analysis of archival materials, and
DNA testing be performed [22]. Since a subset of pha&billiams et al. have demonstrated that the use of a nest-
chromocytomas may be associated with von Hippel-Lied RT-PCR approach for the analysidR&Ttyrosine ki-
dau disease, patients with familial, multiple, or early-onase expression can significantly improve the sensitivity
set phaeochromocytoma should not only be investigatéddtheir assay [104]. A third method of analysiRgT
for RETbut also for germline VHL gene mutations [16].overexpression in PTCs is the immunohistochemical de-
Some MEN 2A families present with skin amyloidotection of theRETgene product in tissue sections [100].
sis, and Hofstra et al. recently demonstrated that individ-our own experience, however, the currently commer-
uals with autosomal dominant familial cutaneous licheially availableRET antibodies usually yield high back-
amyloidosis, which is more generalized, in their pediround staining and the results are therefore difficult to
grees do not carrRET mutations. They concluded thatnterpret.
the dermal amyloidosis found in some MEN 2A families Wide differences (2.5-60%) in frequencyRIET acti-
and in familial cutaneous lichen amyloidosis are diffevation by RETPTC in PTCs of different populations
ent conditions [40]. Consequently, patients with appdrave been reported, and it is not clear whether these are
ently familial cutaneous lichen amyloidosis do not apue to environmental factors, racial differences or techni-
pear to be at risk for MEN 2A and need not be screeread reasons [31, 37, 78, 101, 104, 109]. However, several
for RET mutations. studies have shown an association between ionizing radi-
ation and development of PTC [31, 45, 57]. In addition,
in vitro irradiation of tumour cell lines induced rear-
RET in papillary thyroid carcinoma rangements oRET similar to those observed in human
PTCs [44]. These two observations could be related to
The RET proto-oncogene has also been implicated in ttiee reported increased incidence of PTCs in children liv-
causation of PTCs, which compose approximately 80fg in contaminated areas around Chernobyl, given that
of all thyroid carcinomas [75], especially in iodine-ricit has been demonstrated that about 60% of them present
areas, indicating that stimulation of follicular cells by ek REToncogenic activation. However, Williams et al. re-
evated TSH is of lesser importance in the oncogenesisetly identified a similar proportion ®&ETPTC-1-pos-
PTCs than of follicular thyroid carcinomas. Several stuifive PTCs in nonirradiated patients [105], and Bongar-
ies have demonstrated trRET is activated through so-zone et al. demonstrated that age per se also plays a part
matic rearrangements in a subset of PTCs.RBBEPTC in the development dRET-positive PTCs. The latter au-
oncogenes are rearranged forms of REET proto-onco- thors found in a series of 92 consecutive patients that the
gene and encode fusion proteins in which pREFty- frequency ofRETactivation is significantly higher in the
rosine kinase and C-terminal domains are fused to diffgreup of patients aged 4-30 years, supporting the con-
ent donor genes. The respectRETPTC oncoproteins cept that age could be contributing to this thyroid-specif-
display constitutive tyrosine kinase activity and tyrosine carcinogenic process [9]. Furthermore, Viglietto et al.
phosphorylation. Three major forms of tRETPTC on- recently showed, by using a combined immunohisto-
cogene have been identified; tRETPTC-1 oncogene chemical and RT-PCR-based approach, REVPTC
(where cRETrearranges with the H4 gene D10S170 activation is present in 11 out of 26 (42%) occult PTCs
chromosome 10g21), thRETPTC-2 oncogene (whereand concluded thaRETPTC rearrangement represents
c-RETrearranges with the regulatory subunit R1 alphaah early event in the process of thyroid cell transforma-
the protein kinase A on 17¢g23) and RETPTC-3 on- tion [100].
cogene (where RET rearranges with th&kRFG2Elel Recently, two groups demonstrated that transgenic
gene on 10q11.2) [8, 94, 96]. Thus, the two most comice with thyroid-targeted expression of RETPTC-1
mon forms, RETPTC-1 andRETPTC-3, both result oncogene developed thyroid carcinomas with consider-
from a paracentric inversion of the long arm of chromable similarities to human PTCs, particularly in the nu-
some 10. More recently, a novel typeElE/RETrear- clear cytological features and the presence of local inva-
rangement designateETPTC-4 has been describedsion [50, 90]. Furthermore, it has been shown that Tyr-
where the exon 5 dElelis joined to exon 11 instead 0539 of RETPTC-2 (Tyr-761 on the protBET product)
exon 12 ofRET and the cDNA sequence is 93 nucleds an essential docking site for the full transforming po-
tides larger than the regular one [32]. TRETPTC-4 tential of the oncogene. In addition, PLC-gamma has
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been identified as a downstream effectoR&ETPTCs, [63]. These findings have been challenged by a Japanese
and it has been suggested that this transducing molegutip who described somatic mutations in codon 664 of
could play a crucial role in neoplastic signalling trigRETin a few small cell cancers [33, 34]. However, the
gered byRETPTC oncoproteins [11]. Other studies haw&bsence oRET mutations in neuroblastomas has recent-
shown that only the dimerization domain of R1 alpHg been confirmed by Hofstra et al., who performed an
fused toRET is required and that two tyrosines outsid8SCP analysis of aRET exons on 16 sporadic and fa-
the conserved kinase core are also essential for full mitmilial tumours. From this study the authors concluded
genic activity ofRETPTC-2. These two tyrosines, Tyrthat the high expression &ET in neuroblastoma most
350 and Tyr-586, are potential sites for Src homologyp2obably reflects the differentiation status of the tumour
and phosphotyrosine-binding domain interactions [20].cells and thaRET does not have a crucial role in onco-
The clinical relevance dRET/PTC rearrangements ingenesis in neuroblastoma [41]. In a further study we
PTCs is still controversial. Some have suggested thawve found none of the previously described MEN 2A or
RETPTC expression could serve as an indicator of &B mutations in the DNA of 33 sporadic hyperplastic
gressive behaviour in PTCs, specifically for distant met@d neoplastic lesions of the parathyroid gland [82], a
static disease [47, 48]. In a recent study Sugg et al. afiading which has recently been confirmed by others [55,
ysed 60 thyroid carcinomas by RT-PCRRETPTC ex- 84, 103]. Collectively, these results indicate tRET
pression to determine a possible correlation with cliniaaight not be generally important in the formation of spo-
history, disease stage, or tumour morphol®7PTC radic neuroendocrine tumours other than MTC and
oncogene rearrangements were found in 3 of 60 (5pklaeochromocytoma.
thyroid carcinomas. One papillary carcinoma (1.7%) was A variety of inactivating mutations of tHRET proto-
positive for RETTPTC-1, none forRETPTC-2, and 2 oncogene, which result in defective protein formation, as
(3.4%) were positive for RETPTC-3. Although well as mutations in GDNF, have been found in 10-40%
RETPTC oncogene rearrangements were not presenbfipatients with Hirschsprung’s disease, a congenital dis-
tumours with aggressive morphological features, theyder characterized by absent enteric innervation [3, 13,
found RETPTC rearrangements in young patients (<44, 79]. It occurs in 1 in 5000 live births and can be spo-
years of age) with small thyroid carcinomas showingradic or familial. When it is familial, it can be autosomal
predisposition for lymphatic involvement, suggesting dominant or recessive and its penetrance is low (approxi-
possible role in the development of this subgroup of terately 30%). In contrast to tHRET mutations in MEN
mours [95]. Thus, more data are necessary to deternfineghe mutations in Hirschsprung’s disease are scattered
whether molecular analysis &ETPTC rearrangementsalong the length of the gene and lead to an inactivation
are required in patients with PTCs. of the receptor by truncation or missense mutation. Inter-
The RETPTC rearrangements are undoubtedly crastingly, the combination of MEN 2 and Hirschsprung’s
cial to the understanding of PTC oncogenesis and nthyease has been described in several families [2, 12, 74].
be especially important in radiation-induced thyroid caidl these families hadRET mutations in codon 618 or
cers; however, a substantial proportion of PTCs do &0 and different degrees of penetrance in various tissues
show RETPTC rearrangements. Those tumours aa@d the existence of modifier loci have been invoked to
probably caused by other genetic alterations, includiagplain the cosegregation of MEN 2 and Hirschsprung’s
rearrangements of thERK tyrosine kinase [101] or oth-disease in these kindreds.
er, still unidentified, genes. Furthermore, the activation From a clinical point of view it is not practical to of-
of RETby other mechanisms or rearrangements that &e routine testing foRET mutations in all patients with
currently not yet identified might also be involved in thElirschsprung’s disease because the penetrance of the
carcinogenesis of PTCs. These might explain the slighggne is low and the mutation causing the disease can oc-
higher proportion of PTCs witRETactivation identified cur in any of the 21 exons BET[22].
by Williams et al. using an RT-PCR approach to identify
RET mRNA expression compared with results obtained
from studies identifying specific types BETrearrange- Summary and conclusions
ments with Southern blotting or RT-PCR [104].

The RET proto-oncogene has not only been conclusively
identified as responsible for the three subtypes of the in-
RET in other sporadic neuroendocrine tumours herited cancer syndrome MEN 2, but also shown to be
and Hirschsprung's disease involved in the molecular evolution of sporadic MTCs
and PTCs and of Hirschsprung’s disease. A variety of re-
In an attempt to investigate the role of RETproto-on- cent studies have elucidated the pathophysiological
cogene in sporadic neuroendocrine tumours, we examechanisms leading to neoplastic disease, and we now
ined a series of 112 tumours for the presend@EFmu- understand that dominant activating germline mutations
tations. In none of the investigated neuroendocrine tead to MEN 2A, MEN 2B and FMTC, somatic muta-
mours of the pancreas, gastrointestinal tract, bronchopgidns to sporadic MTCSRET rearrangements to PTCs
monary system, pituitary, adrenal medulla or skin hasaad inactivating alterations to Hirschsprung’s disease.
mutation iNnRETexons 10, 11, 13, 15 or 16 been founthe clinical significance dRETalterations, especially in
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sporadic thyroid tumours, is still controversial. Therai2. Borst MJ, VanCamp JM, Peacock ML, Decker RA (1995)
peutic concepts in MEN 2 gene carriers are only starting
to emerge. We are now challenged by the task of collect-
ing more clinical, biochemical and molecular data from3s. carlomagno F, De VG, Berlingieri MT, de Franciscis V, Mel-
patients with hereditary and sporadic MTCs and PTCs in illo RM, Colantuoni V, Kraus MH, Di Fiore P, Fusco A, San-
order to evaluate the clinical importance of identified

RET abnormalities in particular patients. Furthermore

14.

Mutational analysis of multiple endocrine neoplasia type 2A
associated with Hirschsprung’s disease. Surgery 117:386—
391

toro M (1996) Molecular heterogeneity of RET loss of func-
tion in Hirschsprung’s disease. EMBO J 15:2717-2725
Carlson KM, Bracamontes J, Jackson CE, Clark R, Lacroix

we should centralize the data on MEN 2 families and pa-~ A, wells SJ, Goodfellow PJ (1994) Parent-of-origin effects in
tients with thyroid carcinoma in order to achieve an in-
ternational interdisciplinary consensus on the diagnostic Hum Genet 55:1076-1082

and therapeutic approaches to be adopted in disease ggﬁ(g

carriers. In this way we will improve our understanding
of the influence of environmental and racial factors in
oncogenesis in sporadic MTCs and PTCs.
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